AN INVITATION
T0 JOIN ORO

Pioneer In
Operations Research

Operations Research is a young
science, earning recognition rapidly
as a significant aid to decision-mak-
ing. It employs the services of
mathematicians, physicists, econo-
mists, engineers, political scientists,
psychologists, and others working
on teams to synthesize all phases of
a problem.

At ORO, a civilian and non-
governmental organization, you
will become one of a team assigned
to vital military problems in the
area of tactics, strategy, logistics,
weapons systems analysis and
communications.

No other Operations Research
organization has the broad expe-
rience of ORO. Founded in 1948 by
Dr. Ellis A. Johnson, pioneer of
U. S. Opsearch, ORO’s research
findings have influenced decision-
making on the highest military
levels.

ORO’s professional atmosphere
encourages those with initiative and
imagination to broaden their scien-
tific capabilities. For example, staff
members are taught to “program”
their own material for the Univac
computer so that they can use its
services at any time they so desire.

ORO starting salaries are com-
petitive with those of industry and
other private research organiza-
tions. Promotions are based solely
on merit. The “fringe” benefits
offered are ahead of those given
by many companies.

The cultural and historical fea-
tures which attract visitors to
Washington, D. C. are but a short
drive from the pleasant Chevy
Chase suburb in which ORO is
located. Attractive homes and
apartments are within walking dis-
tance and readily available in all
price ranges. Schools are excellent.

For further information write:
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The Johns Hopkins University

7100 CONNECTICUT AVENUE
CHEVY CHASE, MARYLAND
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by Martin Gardner

ne of the oldest and most engag-
() ing of all two-person mathemati-
cal games is known today as nim.
Possibly Chinese in origin, it is some-
times played by children with bits of
paper, and by adults with pennies on
the counter of a bar. In the most popu-
lar version of the game 12 pennies are
arranged in three horizontal rows as
shown in the illustration at the bottom
of this page.

The rules are simple. The players al-
ternate in removing one or more coins
from any one of the three rows. Who-
ever takes the last penny wins. The
game can also be played in reverse:
whoever takes the last penny loses. A
good gamester soon discovers that in
| either form of the game he can always

win if one of his moves leaves two rows
! with more than one penny in a row and
| the same number in each; or if the move
| leaves one penny in one row, two pen-
nies in a second row and three in a third.
The first player has a certain win if on
his first move he takes two pennies from
the top row and thereafter plays “ra-
tionally.”

MATHEMATICAL GAMES

Concerning the game of nim

and its mathematical analysis

There is nothing startling about the
foregoing analysis, but around the turn
of the century an astonishing discovery
was made about the game. It was found
that it could be generalized to any num-
ber of rows with any number of counters
in each, and that an absurdly simple
strategy, using binary numbers, would
enable anyone to play a perfect game.
A full analysis and proof was first pub-
lished in 1901 by Charles Leonard Bou-
ton, associate professor of mathematics
at Harvard University. It was Bouton,
incidentally, who named the game nim,
presumably after the archaic English
verb meaning to take away or steal.

In Bouton’s terminology every combi-
nation of counters in the generalized
game is either “safe” or “unsafe.” If the
position left by a player after his move
guarantees a win for that player, the po-
sition is called safe. Otherwise it is un-
safe. Thus in the “3, 4, 53”7 game pre-
viously described the first player leaves
a safe position by taking two pennies
from the top row. Every unsafe position
can be made safe by a proper move.
Every safe position is made unsafe by
any move. To play rationally, therefore,
a player must move so that every unsafe
position left to him is changed to a safe
position.

To determine whether a position is
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Twelve counters are arranged for a “3, 4, 5 game of nim
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REPORT FROM IEM

Mechanis Diseovered in the Brain Whick Unlocks Stream of Consclotiness Record
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YORKTOWN RESEARCH CENTER, NEW YORK

MECHANISM DISCOVERED IN THE BRAIN WHICH UNLOCKS STREAM OF
CONSCIQUSNESS RECORD
SOURCE, NEW YORK TIMES, NOVEMBER 24, 1957 AUTHOR: WILLIAM L. LAURENCE
AUTO-ABSTRACT: AT THE ANNUAL AUTUMN MEETING OF THE NATIONAL ACADEMY OF
SCIENCES, DR. WILDER PENFIELD, DIRECTOR OF THE MONTREAL NEUROLOGICAL
INSTITUTE AND ONE OF THE WORLDS LEADING AUTHORITIES ON BRAIN FUNCTION,
TOLD A FASCINATED AUDIENCE OF LEADING SCIENTISTS IN ALL FIELDS ABOUT HIS
DISCOVERY, BY STIMULATING THE BRAIN OF HUMAN PATIENTS WITH TINY
ELECTRICAL CURRENTS, OF A NEW AREA IN THE CEREBRAL CORTEX TO WHICH UNTIL
NOW NO FUNCTION HAD- BEEN ASSIGNED.
ONE MAY ASSUME THAT AT THE TIME OF THE ORIGINAL EXPERIENCE,
ELECTRICAL POTENTIALS PASSED THROUGH THE NERVE CELLS AND NERVE
CONNECTIONS OF A RECORDING MECHANISM IN A SPECIFIC PATTERNED SEQUENCE,
AND THAT SOME FORM OF PERMANENT FACILITATION PRESERVES THAT SEQUENCE SO
THAT THE RECORD CAN BE PLAYED AT A LATER TIME IN A MANNER ANALCGOUS TO

THE REPLAYING OF A WIRE OR TAPE RECORDER.

Scientific articles—electronically abstracted

The significant meaning or “auto-abstract” of the news
article illustrated above was achieved by a successful
experiment in scoring key sentences in the original article
to produce the abstract—all electronically. The project
was originated and managed by H. P. Luhn at the IBM
Yorktown Research Center.

First, the article must be in machine-readable form,
using either punched cards or tape. The data processing
machine then computes the relative significance first of
the words and then of the sentences contained in the
article. It does this on the basis of statistically derived

Investigate the many career opportunities available in exciting new fields at IBM.

criteria involving both word frequency and distribution.
The sentence or sentences scoring highest in significance
become the “auto-abstract.”

This research experiment demonstrated the feasibility
of automatic abstracting. By extending the current tech-
niques, it may be possible to scan the whole of printed
knowledge on a given subject and to make “auto-abstracts”
of articles in an incredibly short time. This new explora-
tion may assist in breaking down the barriers imposed by
the current mass of printed material between the re-
searcher and the further development of his ideas.

RESHARCH

International Business Machines Corporation, 590 Madison Avenue, New York 22, New York.
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Big-time brain

keeps thinking straight
with W/ L resistors

Remington Rand’s Univac,® above, is
probably the most famous of all digital
computers.

It’s taken on such diverse jobs as ex-
trapolating preliminary election results,
matching up lonely hearts for compati-
bility on a TV show and working through
the detailed equations of atomic energy.
Every time it has turned in an outstand-
ing record for reliability in action.

The Univac’s outstanding reliability
results from the proper functioning of
literally myriads of component parts. . .
so many that even a tiny failure rate
would be intolerable.

Naturally, we’re happy that Ward
Leonard Axiohm resistors were selected
in large numbers for this critical and
complex equipment. It’s a new tribute to
the kind of reliability we’ve been build-
ing into Ward Leonard resistors for the
past 68 years...and other Ward Leonard
products such as relays, rheostats, motor
controls and dimmers.

Whether your equipment is large or
small, Ward Leonard products can help
you achieve outstanding reliability. And
our engineers will be glad to help you
with your tough application problems.
Write Ward Leonard Electric Co., 12
South Street, Mount Vernon, New York.
(In Canada: Ward Leonard of
Canada, Ltd., Toronto.)

8.3

LIVE BETTER...E/ectrically
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safe or unsafe, the numbers for each row
are written in binary notation. If each
column adds up to zero or an even num-
ber, then the position is safe. Otherwise
it is not.

There is nothing mysterious about the
binary notation. It is merely a way of
writing numbers by sums of the powers
of two. The chart on this page shows the
binary equivalents of the numbers 1
through 20. You will note that each
column, as you move from right to left,
is headed by a successively higher power
of two. Thus the binary number 10101
tells usto add 16to 4 to 1, giving us 21
as its equivalent in the decimal system,
based on the powers of 10. To apply the
binary analysis to the 3, 4, 5 starting po-
sition of nim, we first record the rows in
binary notation as follows:

421

3 11
4 100
5 101
Totals 212

The middle column adds up to 1, an
odd number, telling us that the combi-
nation is unsafe. It can therefore be
made safe by the first player. He does
so, as explained, by taking two pennies
from the top row. This changes the top
binary number to 1, thereby eliminating
the odd number from the column totals.
The reader will discover by trying other
first moves that this is the only one
which makes the position safe.

An easy way to analyze any position,
provided there are no more than 31
counters in one row, is to use the fingers
of your left hand as a binary computer.
Suppose the game begins with rows of
7, 13, 24 and 30 counters. You are the
first player. Is the position safe or un-
safe? Extend all five fingers of your left
hand, palm toward you. The thumb
registers units in the 16 column; the in-
dex finger, those in the 8 column; the
middle finger, the 4 column; the ring
finger, the 2 column; the little finger, the
1 column. To feed 7 to your computer,
first bend down the finger representing
the largest power of 2 that will go into
7. It is 4, so you bend your middle finger.
Continue adding powers of two, moving
to the right across your hand, until the
total is 7. This is of course reached by
bending the middle, ring and little fin-
gers. The remaining three numbers—13,
24 and 30—are fed to your computer in
exactly the same way except that any
bent finger involved in a number is
raised instead of lowered.

Regardless of how many rows there
are in the game, if you finish this pro-
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16 | 8 4 2 1
] R
l— 3 .
2 ! 1 0
3 B 1 1
A
s | 1 0 0
5 1 0 1
6 ‘ 1 1 0
7 1 1 1
8 1 0 0 0
9 1 0 0 1
10 N 1 _-_oﬁ 1 0
n 1 0 1 1
1—2 _ 1_ _ 1 0 0
13 1 1 0 1
14 1 1 1 0
15 _ 1 1 1 1
16 1 o | o 0 0
17 1 0| o0 0 1 .
18 1 0 0 1 0
19 1 0 0 |1 1
20 1 0 1 : 0 0

Table of binary numbers to analyze nim

cedure with all your fingers raised, then
the position is safe. This means that
your move is sure to make it unsafe, and
that you are certain to lose against any
player who knows as much about nim
as you do. In this example, however, you
finish with first and second fingers bent,
telling you that the position is unsafe,
and that you can win if you make a
proper move. Because there are many
more unsafe combinations than safe
ones, the odds greatly favor the first
player when the starting position is de-
termined at random.

Now that you know that 7, 13, 24, 30
is unsafe, how do you find a move that
will make it safe? This is difficult to do
on your fingers, so it is best to write



... and now

SAFE BY THE SEA. Although New York’s famous Coney Island
boardwalk has undergone many changes in the last 34 years,

N. Y. Daily News photo

its old-time lampposts are still there. Corrosion-resisting
Monel fastenings have held them securely for a generation.

What keeps Coney Island lampposts
standing up to 34 years of storm, salt and sea?

One of the lampposts on Coney Is-
land’s popular boardwalk was taken
down a few years ago ...

Inside its base, the work crew
found a thirty-year accumulation of
soggy rust flakes.

And under that? Four Monel*
nickel-copper alloy nuts and bolts
holding the post tightly to the boards.
Threads as clean and sharp as new.
An easy twist with a wrench and out
came each Monel alloy fastening —

as fit and fine as the day it had been
put in!

Anchoring lampposts to stand
firm through 30 years or more of
seaside duty may be a far cry from
your metal problem. But whatever
that problem is — corrosion, stress,
fatigue, high or low temperature —
its solution may very well be found
in an Inco Nickel Alloy.

The International Nickel Company, Inc.
67 Wall Street New York 5, N. Y.

Remember, when you buy

7. . you also gel

INCO+ SERVICES

‘Whenever you are looking for answers to
your metal problems, all the information
and help we can give you are yours for the
asking, For instance. ..

A = Corrosion Service

4& 4 High Temperature Service
« Fabrication Help
-t Foundry Service
+* Field Information Centers
4 Convenient Sales & Service
+ Technical Publications

*Registered trademark

INCO NICKEL ALLOYS

NICKEL ALLOYS PERFORM BETTER LONGER
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Mathematical brain-twisters
to stimulate and entertain

Two of America’s eminent men of science had
fun collecting these paradoxical brain-teasers
and the mathematically-minded will have fun
solving them. With a delightful storytelling
facility, the authors present their twisters not
just as puzzles to be solved, but as stories of
human situations in which a seemingly baffling
problem is untangled by mathematic thinking.
The answers are unfolded along with the story,
and the reader’s enjoyment, as in a good who-
dunit, comes from watching the authors apply
logic to a set of given facts. Some of the stories
are old puzzlers with a new twist. Others will
come as a surprise to almost any reader.

Illustrated $2.50
PUZZLE-MATH

by George Gamow and Marvin Stern
THE VIKING PRESS, N. Y. 22

Never Before Available at this LOW PRICE 1
PRECISION i
PORTABLE :
. / ' BATTERY }
: Q/ OPERATED

Transistor

TAPE RECORDER

H1-QUALITY REPRODUCTION! $29-95
WEIGHS ONLY 2 POUNDS!

]

]

]

L]

]

]

L}

(]

]

]

]

]

L]

[}

]

L]

L ]

[}

L]

[ plus $1.25
] pp. & hdlg.
: PRECISION ENGINEERED—Amazing, new,
1 Dbattery operated, portable, fully transistorized
i1 recorder, imported from West Germany, pre-
# cision engineered to render same functions
® as machines costing 5 times as much.

: FOR HOME, STUDENTS, BUSINESS—It will
' be the center of attraction at home for record-
1 ing family get-togethers, capturing the magic
y of speech and song of family and friends—
¥ records radio, record and TV shows! Educa-
# tors agree that students benefit greatly from
# studying with a tape recorder. Business men
® can pack it in brief case and take on trips
¥ to record letters, speeches, instructions,
¥ jdeas: faithfully records verbal agreements,
: discussions. Perfect for recording interviews!
g PENNIES TO OPERATE—The ingenious Tel-
B Tape records, plays back, erases—has vari-
B able speed controls! Operates on 4 small
B flashlight batteries available at any store for
® pennies. Simply press button and record.
: Unconditionally guaranteed for 90 days
s against mechanical defects. Comes complete
g with sensitive microphone, head set and tape
¥ —-$29.95 plus $1.25 pp. & hdlg.
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down the four binary numbers as fol-
lows:

16 8 4 21

7 111
13 1101
24 11000
30 11110
Totals 23322

Note the column farthest to the left
that adds up to an odd number. Any row
with a unit in this column can be altered
| to make the position safe. Suppose you
wish to remove a counter or counters
from the second row. Change the first
unit to 0, then adjust the remaining fig-
ures on the right so that no column will
add up to an odd number. The only way

| to do this is to change the second binary
number to 1. In other words, you re-
move all counters except one from the
second row. The other two winning

‘ moves would be to take four from the
third row or 12 from the last row.

It is helpful to remember that you
can always win if you leave two rows
with the same number of counters in
each. From then on, simply move each
time to keep the rows equal. This rule,
as well as the preceding binary analysis,
is for the normal game in which you win
by taking the last counter. Happily only
a trivial alteration is required to adapt
this strategy to the reverse game. When
the reverse game reaches a point (as it
must) at which only one row has more
than one counter, you must take either

| all or all but one counter from that row
so as to leave an odd number of one-unit
rows. Thus if the board shows 1,1, 1, 3,
you take all of the last row. If it shows
1,1, 1, 1, 8, you take seven from the
last row. This modification of strategy
occurs only on your final move, when it
is easy to see how to win.

Since digital computers operate on
the binary system, it is not difficult to
program such a computer to play a per-
fect game of nim, or to build a special
machine for this purpose. Edward U.
Condon, the former director of the Na-
tional Bureau of Standards who is now
at Washington University of St. Louis,
was a co-inventor of the first such ma-
chine. Patented in 1940 as the Nima-
tron, it was built by the Westinghouse
Electric Corporation and exhibited in
the Westinghouse building at the New
York World’s Fair. It played 100,000
games and won 90,000. Most of its de-
feats were administered by attendants
demonstrating to skeptical spectators
that the machine could be beaten.

In 1941 a vastly improved nim-play-
ing machine was designed by Raymond
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A variation of nim called Tac Tix

M. Redheffer, now assistant professor of
mathematics at the University of Cali-
fornia at Los Angeles. Redheffer’s ma-
chine has the same capacity as Condon’s
(four rows with as many as seven coun-
ters in each), but where Nimatron
weighed a ton and required costly re-
lays, Redheffer’s machine weighs five
pounds and uses only four rotary
switches. More recently a nim-playing
robot called Nimrod was exhibited at
the Festival of Britain in 1951 and later
at the Berlin Trade Fair. According to
one newspaper account, the machine
was so popular in Berlin that visitors
“entirely ignored a bar at the far end
of the room where free drinks were
available, and it was necessary to call
out special police to control the crowds.
The machine became even more popular
after it had defeated the economics min-
ister, Dr. Erhard, in three games.”

Several interesting variations of nim
have been fully analyzed. To my mind
the most exciting variation, and one that
has not yet been analyzed, was invented
about 10 years ago by Piet Hein of
Copenhagen. Hein is the inventor of
Hex, a topological game discussed in
this department for July, 1957.

In Hein’s version, called Tac Tix in
English-speaking countries and Bulo in
Denmark, the counters are arranged in
square formation as shown at the top
of this page. Players alternately take
counters, but they may be removed from
any horizontal or vertical row. They
must always be adjoining counters with
no gaps between them. For example, if
the first player took the two middle
counters in the top row, his opponent
could not take the remaining counters
in one move.

Tac Tix must be played in reverse
form (the player who takes the last
counter loses) because of a simple strat-
egy which renders the normal game



MISSILE COMPONENTS Bulova's infra-red seeker cell—the Sidewinder’s
eye — locks this missile on target; Bulova fuzing systems do the rest.
Powder-driven gyros, timers, safety-and-arming systems and other elec-
tronic and electro-mechanical devices, designed and made by Bulova,
play vital roles in the Dart, Talos, Sparrow...in all, 18 key missiles.

AUTOMATION Bulova R&D designed mechanized plant and equipment
for Signal Corps goal of 10,000 perfect quartz crystals per 8 hour shift
—with 1/10th the manpower. From systems analysis through equipment
development, Bulova engineers devise industrial and military facilities
for automatic production of electronic components and ordnance items,

Bulova precision helps to solve
today’s most challenging problems

Time, mass, length...the age-old concepts
man relies on as he enters the Age of Space.

Time alone is unique. Its accurate mea-
surement demands the highest order of
precision in the design and manufacture of
electro-mechanical devices.

Bulova, leader in measurement of time, has
become master.of the very combination of
abilities that holds practical solutions to

ULOVA

wa.tch

the growing challenges of miniaturization.

Miniaturized systems and components by
Bulova are now working for our nation’s
defense and automated industry. The same
vision and experience that developed them
are available to assist you...from concept
to reliable mass production.

For further information, write Department
G.I.S.-1..

company

BULOVA RESEARCH AND DEVELOPMENT LABORATORIES, INC.

BULOVA PARK

PRECISION MANUFACTURING Bulova-built servo muscles steer our
nation’s first ballistic guided missile —the Corporal. When critical toler-
ances demanded uncompromising accuracy, Bulova solved tooling and
assembly problems on a crash basis. Bulova experience and facilities
are unexcelled where precision, reliability and capacity are vital,

JACKSON HEIGHTS o

NEW YORK

AIRCRAFT INSTRUMENTS Bulova’s new Servo Altimeter combines
unsurpassed sensitivity and accuracy with direct-reading tape: presenta-
tion. Special pressure devices created by Bulova include transducers for
air data computers...remote pressure sensors for weather stations and
airports...climb and dive indicators...and autopilot altitude controls.
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Routine Flight...

THE WORLD’s ACE-0LD DREAM of exploring the  the physiological and psychological effects upon
universe is nearing reality, Daily we are gaining =~ Man. Placing Man himself within the atmos-
new knowledge —knowledge of the physical  phere of outer space is now routine procedure
effects of outer space upon equipments, and of  in Litton Industries’ Space Research Laboratory.

LITTON INDUSTRIES severry HILLS, CALIFORNIA
Plants, Laboratories & Offices in the U.S., Canada, Europe, and South America
DIGITAL COMPUTERS & CONTROLS RADAR & COUNTERMEASURES INERTIAL GUIDANCE MICROWAVE POWER TUBES AUTOMATIC DATA PROCESSING

AIR NAVIGATION & COMMUNICATION MONROE OFFICE & BUSINESS MACHINES SPACE RESEARCH PRECISION COMPONENTS & TRANSFORMERS

110

© 1958 SCIENTIFIC AMERICAN, INC



trivial. On squares with an odd number |
of counters on each side the first player
wins by taking the center counter and
then playing symmetrically opposite his
opponent. On squares with an even num-
ber of counters on each side the second
player wins by playing symmetrically
from the outset. No comparable strategy
is known for playing the reverse game,
although it is not difficult to show that
on a 3 X 3 board the first player can
win by taking the center counter or a
corner counter, or all of a central row
or column.

The clever principle behind Tac Tix,
that of intersecting sets of counters, has
been applied by Hein to many other
two- and three-dimensional configura-
tions. The game can be played, for ex-
ample, on triangular and hexagonal
boards, or by placing the counters on the
vertices and intersections of a penta-
gram or hexagram. Intersections of
closed curves may also be used; here all
counters lying on the same curve are
regarded as being in the same “row.”
The square form, however, combines the
simplest configuration with maximum
strategic complexity. It is difficult
enough to analyze even in the elemen-
tary 4 X 4 form, and of course as the
squares increase in size the game’s com-
plexity rapidly accelerates. Perhaps
some industrious reader can answer the
tantalizing question: Who has a win on
the 4 X 4 reverse game, the first or sec-
ond player?

Among analyzed variations of nim one
proposed in 1910 by the American
mathematician Eliakim H. Moore is of
special interest. The rules are the same
as they are for regular nim except that
players are permitted to take from any
number of rows not exceeding a desig-
nated number k. Surprisingly the same
binary analysis holds, provided a safe
position is defined as one in which every
column of the binary numbers totals a
number evenly divisible by k plus 1.

Many readers have improved upon the
+ answers, given in this department
for December, to the problems pub-
lished here in November. It develops |
that not only six but also seven cigarettes
can be so placed that each touches all
the others; that there are a large number
of equally simple solutions to the match
problem; and that there are procedures
by which the efficient electrician can
label any number of wires (except two)
in one round trip between top floor and
basement. In the drawing for the sphere
problem, the six-inch hole was incor-
rectly labeled, but the text should make
the solution clear.

A 66-inch Slide-rule
for your pocket

The GENIAC® Calculator car-
ries 66-inch spiral scales yet
measures only ten inches fully
extended and six inches when
closed. Four to five figure ac-
curacy can bhe relied on. It is
indispensable to the scientist,
research worker and student.

ness men will find it of tre-
mendous value for a host of
estimating and checking cal-
culations, and quite simple to
use. Of non-warping metal con-
struction, with plastic coated
scales, it will give years of
service.

The GENIAC® Slide Rule
solves multiplication, division,
percentage calculations and
gives 5 placelogarithms as well.

4

Slide Rule Open

You may use it for 30 days and if you are not
satisfied repack and mail it back.

What our users say:

““May I congratulate you on such an instrument at so
combining engineering and matherilahical
t does

modest a price,
skill, simplicity of operation in such a small space.
all you claim—four or five fig-
ure accuracy without eyestrain
or magmheri Half an hour” s
qtudy is ample for its use.’
A.EB. ... MSc

‘I have tested the GENTAC®
Slide Rule in my office and
find it much superior in clear-
ness and accuracy to_ordinary
slide rules.” F.H.G.B.

‘I use the GENTIAC® Calcu-
lator for all my slide rule w
and need the extra digit which
normal slide rules cannot give.
I had to get one of my cus-
tomers a GENIAC® Slide Rule

last mnnth after using mine in
his office.’ & G.H. Textile
Manufacturcrs.

E s
Slide Rule Closed

Send for yours now only $19.95 postpaid.

ATOMOTRON

o MINIATURE ATOM
SMASHER
o PRODUCES

75,000 VOLTS

e ABSOLUTELY
SAFE

The
is a scientific instrument capable

In no sense of the word a toy or gadget.
ATOMOTRON
of producing 75,000 volts—makes sparks up to
2” long—yet it is absolutely safe because the
current is infinitesimal. The science teacher—
science lover—or hobbyist can perform experi-
ments to astound students—friends—family. Makes
smoke disappear—defy gravity—turns propellers
at a distance—transforms atomic energy into
light—makes artificial lightning—smashes atoms—
demonstrates ionic space ship drive—and many
other experiments. Constructed of the finest mate-
rials. Will do exactly—for instruction purposes—
what generators that cost 3 to 10 times more will
do. The perfect device to teach the secrets of
atomic physics and electricity. Will hold an audi-
ence spellbound as it performs trick after amazing
trick. Includes an experiment kit and illustrated
experiment manual. Manual explains the “how”
and “why.” You will invent many new experiments
of your own. A fine research tool that will give
years of beneficial service to the institution or
individual who owns one. Available in kit form
or assembled.

Kit form ......cocvevvnveiinineiireenn, Net 14.95

Assembled ........cccooooiiiiii. Net 19.95
Add 80c for postage and handling U.S. $1.50 abroad

Administrative staff and busi- |

TEENAGER DESIGNS
A NEW COMPUTER!

Using his Geniac® Electric Brain Construction

Kit young John S., 16 years old, of Pittsburgh,
Pennsylvania designed and built a machine that
composes music, a circuit that is now included
with every kit.

An exception? Not at all—

Ronald W. of Denver, Colorado used his
Geniac® to design machines giving geometric
area formulas, position of the planets in the
solar system, control system in an atomic re-
actor, comparative weights on Mars and Earth
and seems to find new uses each week in addi-
tion to those in the experimental manual.

Peter H. of River Edge, N.J. created an
averaging machine.

Thousands of other people have used Geniac®,
the Electrical Brain Construction Kit, to explore
the fascinating new world of computing ma-
chinery. Schools, colleges, industrial training
programs, engineering scientists and executives
who have to keep abreast of new developments
find in Geniac® the answer to their search for
information and material to advance their
knowledge of computers.

WHICH GROUP ARE YOU IN?

O Engineer or Research Scientist, who wants to
learn more about the application of com-
puters to his problems.

O Executive, with an interest in computing
machinery.

3 Teacher, in high school or college who needs
laboratory or demonstration material on
computers.

[J Student, impatient for teachers to hegin.

[ Scientific Amateur, who wants to learn about
computers but doesn’t know how to begin.

[ Parent of a scientific-minded youngster, who
is looking for a present that will provide
hours of entertainment and instructive value.

Thousands of people from these groups have

bought and enjoyed Geniac®, the Electrical

Brain Construction Kit.

Every Geniac® Kit contains 7 books and man-
uals including a Beginner's Manual and Study
Guide to help the teenager whose knowledge of
electrical circuitry may be limited. From these
you can go step by step into more advanced
circuit designs and finally through the theory
needed to design your own machines.

This is why we don't think the designs we re-

ceive are exceptional. We planned it that way.

So if you have a boy—from 11 years up, who
is an electrical bug, or if you yourself want to
understand more of the theory behind circuit
designs, order your complete kit now.

Geniacs are fun too. Exciting puzzle-solving cir-
cuits—the Uranium Shipment and the Space-
Pilots, code-making machines, game-playing
machines for Tic-Tac-Toe, Nim, intelligence-
testing devices will give you and your children
hours of amusement. Over forty machines can
be built from your Geniac® Kit with more than
400 pieces and parts, seven books and manuals.
GENIAC® KIT with special discs, 7 manuals and
texts, parts tray, tool kit and dmplas rack .95
(Add 80¢ west of Mississippi, $2.00 outside U.S.)
Seven day return guarantee.
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Send check, cash or money order to:

DEPT. SA-28
OLIVER GARFIELD COMPANY
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! 126 Lexington Avenue, New York 16, N. Y.
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