MATHEMATICAL GAMES

About mathematical games

that are played on boards

by Martin Garduer

“( :ames possess some of the quali-
ties of works of art,” Aldous
Huxley has written. “With their

simple and unequivocal rules, they are

like so many islands of order in the
vague untidy chaos of experience. When
we play games, or even when we watch
them being played by others, we pass
from the incomprehensible universe of
given reality into a neat little man-made
world, where everything is clear, pur-
posive and easy to understand. Compe-
tition adds to the intrinsic charm of
games by making them exciting, while
betting and crowd intoxication add, in
their turn, to the thrills of competition.”

Huxley is speaking of games in gen-
eral, but his remarks apply with special
force to mathematical board-games in
which the outcome is determined by
pure thought, uncontaminated by physi-

cal prowess or the kind of blind luck
supplied by dice, cards and other ran-
domizing devices. Such games are as
old as civilization and as varied as the
wings of butterflies. Fantastic amounts
of mental energy have been expended on
them, considering the fact that until
quite recently they had no value what-
ever beyond that of relaxing and refresh-
ing the mind. Today they have suddenly
become important in computer theory.
Chess-playing and checker-playing ma-
chines that profit from experience may
be the forerunners of electronic minds
capable of developing powers as yet un-
imaginable.

The earliest records of mathematical
board-games are found in the art of
ancient Egypt, but they convey little
information because of the Egyptian
convention of showing scenes only in
profile [see illustration below)]. Some
games involving boards have been found
in Egyptian tombs [page 173], but they
are not board games in the strict sense
because they also involve a chance ele-

ment. A bit more is known about Greek
and Roman board-games, but it was not
until the 13th century A.D. that anyone
thought it important enough to record
the rules of a board game, and it was
not until the 17th century that the first
books on games were written.

Like biological organisms, games
evolve and proliferate new species. A
few simple games, such as ticktacktoe,
may remain unchanged for centuries;
others flourish for a time, then vanish
completely. The outstanding example of
a dinosaur diversion is rithmomachy.
This was an extremely complicated num-
ber game played by medieval Europeans
on a double chessboard with eight cells
on one side and 16 cells on the other.
and with pieces in the shapes of circles,
squares and triangles. It traces back at
least to the 12th century, and as late as
the 17th century it was mentioned by
Robert Burton, in The Anatomy of Me'-
ancholy, as a popular English game.
Many learned treatises were written
about it, but no one plays it today ex-
cept a few mathematicians and medi-
evalists.

In the U. S. the two most popular
mathematical board-games are of course
checkers and chess. Both have long and
fascinating histories, with unexpected
mutations in rules from time to time ancl
place to place. Today the American
checkers is identical with the English
“draughts,” but in other countries there
are wide variations. The so-called Polish
checkers (actually invented in France)

Relief from a tomb at Sakkara in Egvpt shoiwcs a board game in profile. Relief dates from 2500 B.C.
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Sample cell used at the IBM Watson Laboratory for studies of the self-diffusion of quantum liquids.

Studying Quantum Liquids to Observe Nuclear Theory

Atomic nuclei are dense systems composed
of identical particles which obey Fermi-
Dirac statistics. Using these statistics,
scientists have computed the theoretical
behavior of the particles which compose
heavy nuclei.

Helium?, a quantum liquid, provides
scientists with an extremely convenient
model of this nuclear matter —a model
readily accessible to research. A genic
liquid, He? permits the investigation of
quantum effects. This makes it possible to
compare nuclear behavior with theoretical
predictions.

Research in quantum liquids is being

done at the IBM Watson Laboratory at
Columbia University. Direct spin-echo
measurements of diffusion and nuclear re-
laxation were made on He? atoms in the
pure liquid, and also in dilute solutions of
He? in He*. Measurements were made in
the temperature range 0.5°K to 4.2°K,
at pressures up to 67 atmospheres.
Experiments on the pure quantum
liquid revealed diffusion persisting to the
lowest temperatures. However, it was
apparent that the diffusion was not ther-
mally activated as in an ordinary liquid,
or in a gas. Diffusion persisted for two rea-
sons: (1) because of the zero-point energy

of the atoms, and (2), because of the
atoms’ long wave length as compared
with the thickness of the potential bar-
riers which inhibited their motion. The
results of the experiments on dilute solu-
tions of He? in He%, in accord with ex-
pectations, showed that the He? diffusion
coefficient increased rapidly with decreas-
ing temperature.

This study will help to increase our
understanding of quantum systems, and
consequently, help to increase our famili-
arity with nuclear matter.

IBM.RESEARCH

Investigate the many career opportunities available in exciting new fields at IBM.
International Business Machines Corporation, Dept. 659P,590 Madison Avenue, New York 22, New York
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NO ONE TOLD GUS HOGLUND YOU COULDN'T WELD ALUMINUM

Twenty years ago, Gus Hoglund
gathered a dozen skeptics around a jar
of flux, a torch and some bits of alumi-
num. He was breaking trail for the man
who now brazes 350 percolator spouts
an hour . . . and for the company that
will crack a new market with welded
aluminum cans, churned out at 500
a minute.

Even when doubting Thomases

granted you could weld aluminum, they
had to be taught how to do it. Gus
Hoglund and his Process Development
crew gave lessons by the thousands.
And their work between classes with
alloys and techniques has led to the
development of welded aluminum
structures three times as strong as the
best of the past.

Aluminum is second to no other metal

in variety of commercial joining
methods. With the industry’s largest
staff of engineering specialists to solve
your joining problems, you get extra
value in every pound of Alcoa® Alumi-
num you buy. Call your local Alcoa
sales office today; the man who answers
will have the proof. Aluminum Com-
pany of America, 2019-D Alcoa Build-
ing, Pittsburgh 19, Pennsylvania.

XALCOA helps you design it, make it, sell it
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Alcoa has hundreds of
Gus Hoglunds to help you
design it, make it, sell it

All of Alcoa’s skills are mobilized to a
single purpose: To put more than just
16 ounces of metal in every pound of
Alcoa Aluminum you buy. Here are
12 of the dozens of ways to do it:

1. Research Leadership, bringing you
the very latest in aluminum alloys and
applications.

2. Product Development by specialists
in your industry and your markets.

3. Process Development Labs for aid in
finishing, joining and fabricating.

4. Service Inspectors to help solve pro-
duction problems at your plant.

5. Quality Control to meet top stand-
ards or match your special needs.

6. Complete Line including all commer-
cial forms, alloys, gages, tempers.

7. Availability via the nation’s best
stocked aluminum distributors.

8. Foremost Library of films and books
to help you do more with aluminum.

9. Trained Salesmen with a wealth of
on-the-spot information.

10. Sales Administrators constantly on
call to service your orders.

11. Year-Round Promotions expanding
your old markets, building new ones.

12. The Alcoa Label, leading symbol of
quality aluminum, to mark your goods.
Added Values
With Alcoa
Aluminum

ADDED
VALUES

... 1s a case book of Alcoa special serv-
ices and a guide to their availability
in design, manufacture and sales. Your
copy, with some of the most rewarding
information you may ever read, is
waiting and it’'s FREE. Write: Alumi-
num Company of America, 2019-D
Alcoa Building, Pittsburgh 19, Pa.

Board game of senet, found in Egyptian tomb of 1400 B.C., also involved throwing sticks

is now the dominant form of the game
throughout most of Europe. It is played
on a 10-by-10 board, each side having
20 men that capture backward as well
as forward. Crowned pieces (called
queens instead of kings) move like the
bishop in chess, and in making a jump
can land on any vacant cell beyond the
captured piece. The game is widely
played in France (where it is called
dames) and in Holland, and it is the
subject of a large analytical literature.
In the French-speaking provinces of
Canada, and in parts of India, Polish
checkers is played on a 12-by-12 board.

German checkers (damenspiel) re-
sembles Polish checkers, but it is usually
played on the English eight-by-eight
board. A similar form of this “minor
Polish” game, as it is sometimes called,
is popular in the U.S.S.R., where it is
known as shashki. Spanish and Italian
variants also are closer to the English.
Turkish checkers (dama) is also played
on an eight-by-eight board, but each
side has 16 men that occupy the second
and third rows at the outset. Pieces move
and jump forward and sideways, but not
diagonally, and there are other radical
departures from both the English and
the Polish forms.

Chess likewise has varied enormously
in its rules, tracing back ultimately to
an unknown origin in India, probably in
the sixth century A.D. True, there is
‘oday an international chess that is
standardized, but there are still many
excellent non-European forms of the
game that obviously share a common
origin with international chess. Japanese
chess (sho-gi) is played as enthusias-
tically in modern Japan as go, though
only the latter game is known in West-
ern countries. Sho-gi is played on a nine-
by-nine board, with 20 men on each
side, arranged at the start on the first
three rows. The game is won, as in West-
ern chess, by checkmating a piece that
moves exactly like the king. An inter-
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esting feature of the game is that cap-
tured pieces can be returned to the
board to be used by the captor.

Chinese chess (siang K’i) also ends
with the checkmate of a piece that
moves like the king in Western chess,
but the rules are quite different from
those of Japanese chess, and its eight-
by-eight board is divided across the cen-
ter by a blank horizontal row called “the
river.” Martian chess (“jetan”), ex-
plained by Edgar Rice Burroughs in the
appendix to his novel The Chessmen of
Mars, is a surprisingly well-thought-out
variant, played on a 10-by-10 board with
unusual pieces and novel rules. For ex-
ample, the princess (which corresponds
roughly to our king) has the privilege
of one “escape move” per game that per-
mits her to flee an unlimited distance in
any direction.

In addition to these regional variants
of chess, modern players, momentarily
bored with the orthodox game, have in-
vented a weird assortment of games
known as fairy chess. Among the many
fairy-chess games that can be played on
the standard board are: two-move chess,
in which each player plays twice on his
turn; a game in which one side plays
with no pawns, or with an extra row of
pawns instead of a queen; cylindrical
chess, in which the left side of the board
is considered joined to the right side (if
the board is thought of as having a half-
twist before the sides are joined, it is
called Moebius-strip chess); transporta-
tion chess, in which any piece can be
moved on top of the rook and carried by
the rook to another square. Dozens of
strange new pieces have been intro-
duced, such as the chancellor (combin-
ing the moves of rook and knight), the
centaur (combining bishop and knight)
and even neuter pieces (e.g., a blue
queen) that can be played by either
side. (In Lewis Padgett’s science-fiction
novel The Fairy Chessmen a war is won
by a mathematician who makes a hobby
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McMASTER UNIVERSITY

SENIOR SCIENTIST
WITH EXPERIENCE
IN THE USE OF

RADIOACTIVE ISOTOPES

FOR

MEDICAL RESEARCH

Must be prepared to organize an
active research group and initiate a
program of fundamental research in-
cluding the development of new clini-
cal procedures. Facilities include a
one-megawatt swimming pool reac-
tor and adequate laboratory equip-
ment. Co-operation can be expected
from scientists and medical person-
nel conducting research in allied

fields.

Applications should be sent to

Dr. H. G. Thode, Vice-President
McMaster University,

Hamilton, Ontario, Canada.
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“"Report on
Cellulose”

This first complete report on
Cellulose (compiled by Chemi-
cal Week) is being made avail-
able to help potential customers
develop profitable new uses for
a very versatile raw material.

Already used in some 6000
products—from fibers to filters,
plastics to photo films, shoes to
sausage casings, toys to tire cord
—cellulose may be the material
needed to increase your profit
margin or develop entirely new
products.

Report defines properties and
current uses . . . discusses new
developments. Samples and
spec. sheets included in kit you
receive. Technical Service avail-
able to those with specific
interest.

Send for REPORT ON CELLULOSE.
I’s FREE with no obligation.
Write on company letterhead to
Rayonier Incorporated, Dept.
S, 161 East 42nd Street, New
York 17, N. Y.

RAYONIER
NATURAL RESOURCES CHEMISTRY

L_—_--
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of fairy chess. His mind, accustomed to
breaking rules, is elastic enough to cope
with an equation too bizarre for his more
brilliant but more orthodox colleagues.)

An amusing species of fairy chess that
is quite old, but still provides a delight-
ful interlude between more serious
games, is played as follows. One player
sets up his 16 men in the usual way, but
his opponent has only one piece, called

| the maharajah. A queen may be used

for this piece, but its moves combine
those of queen and knight. It is placed
at the outset on any free square not
threatened by a pawn; then the other
side makes the first move. The mahara-
jah loses if he is captured, and wins if he
checkmates the king. It might be
thought that the maharajah has a poor
chance of winning, but his mobility is so
great that if he moves swiftly and ag-
gressively, he often checkmates early in
the game. At other times he can sweep
the board clean of pieces and then force
the lone king into a corner checkmate.
Hundreds of games have been in-
vented that are played on a standard
chessboard but have nothing in common
with either chess or checkers. One of the
best, in my opinion, is the now-forgotten
game of “reversi.” It uses 64 counters
that have contrasting colors, say red and

black, on their opposite sides. A crude
set can be made by coloring one side of
a sheet of cardboard, then cutting out
small circles; a better set can be con-
structed by buying six boxes of inex-
pensive checkers and gluing the pieces
into red-black pairs. It is worth the trou-
ble, because the game can be an exciting
one for every member of the family.

Reversi starts with an empty board.
One player has 32 pieces turned red-
side up; the other has 32 turned black-
side up. Players alternate in placing a
single man on the board in conformity
with the following rules:

1. The first four men must be placed
on the four central squares. Experience
has shown that it is better for the first
player to place his second man above,
below, or to the side of his first piece
(an example is shown in the illustration
below), rather than diagonally adjacent,
but this is not obligatory.

2. After the four central squares are
filled, players continue placing single
pieces. Each must be placed so that it is
adjacent to a hostile piece, orthogonally
or diagonally. Moreover, it must also be
placed so that it is in direct line with
another piece of the same color, and
with one or more enemy pieces (and no
vacant cells) in between. In other words,
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An opening for the board game of reversi. Numbers are for reference only
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.So empty the molecules rarely meet

In a vacuum of 101 mm Hg, a molecule can travel 1600 miles before it strikes another molecule. Yet this is the pressure
achieved in one of the world’s largest ultra-high vacuum systems which RCA recently delivered for a research device in which
scientists of a leading Eastern university will seek to harness thermonuclear fusion. One of several UHV systems developed by
RCA’s Industrial Tube Products Dept., this 1500-liter system has held a vacuum of 10-1® mm Hg over a period of months.

RCA’s mastery of ultra-high vacuum systems is no accident. The techniques required grew directly out of an unequalled
reservoir of experience with ceramic-metal “Super-Power” tubes. Beyond this, in the words of one of the guiding geniuses, all
it took was a “devout respect” for the basic principles of physics.

This same “devout respect”—plus a liberal sprinkling of imagination—has enabled RCA’s Industrial Tube Products Depart-
ment to make significant contributions to megawatt electronics, thermoelectronics, and many other advances contributing to
space environmental studies. Creative design and construction of ultra-high vacuum systems has been a specialty of RCA
Industrial Tube Products Department for many years.

If you have space or vacuum problems that could benefit from this advanced research and development, write to the
Marketing Manager, RCA Industrial Tube Products Department, Lancaster, Pennsylvania.

RADIO CORPORATION OF AMERICA

® Electron Tube Division Harrison, N. J.
|75
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OPPORTUNITY

UNLIMITED

« SOLID STATE PHYSICIST

« PHYSICIST, Electron Optics
SALARIES OPEN

Extraordinary advancement opportunities with our New
Product Group ly involved with the devel t
of the Hamilton-Zeiss Electron Beam machine.

Physicist, Electron Optics. For advanced R&D on elec-
tron beam technology includi iated electronic
equipment. Will involve beam formation and control
(stable electronic circuits, pulse generation and con-
trol, high voltage supplies.) May involve electronic data

programming techniques. Ph.D. desirable.

Solid State Physicist. For advanced R&D on future ap-
plications of electron beam. Should have strong theo-
retical background in solid state physics plus metallic
and non-metallic materials and associated processes.
Will conduct basic studies of electron beam joining
and cutting techniques and their effect on materials
involved, including exotic metals, semi-conductors,
ceramics, etc. Ph.D. level desirable.

Excellent relocation allowance . . . tuition-paid grad-
uate study . .. desirable Connecticut living. Reply today
to our Technical Employment Supervisor, Dept. 30.

HAMILTON STANDARD

DIVISION OF

UNITED AIRCRAFT CORP.

Bradley Field Road, Windsor Locks, Conn.

circuit
development
engineer

professional progress

exciting assignments
liberal company
benefits

device
development
engineer

liberal company
benefits
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If reversi player with colored pieces makes the next move, he can win six pieces

a piece must always be placed so that
it is one of a pair of friendly pieces on
opposite sides of an enemy piece or at
opposite ends of a chain of enemy
pieces. The enemy pieces are considered
captured, but instead of being removed
they are turned over, or “reversed,” so
that they become friendly pieces. Pieces
remain fixed throughout the game, but
may be reversed any number of times.

3. If the placing of a piece simultane-
ously captures more than one chain of
enemy pieces, the pieces in both chains
are reversed.

4. Pieces are captured only by the
placing of a hostile piece. Chains that
become flanked at both ends as a result
of other causes are not captured.

5. If a player cannot move, he loses
his turn. He continues to lose his turn
until a legal move becomes possible for
| him.

6. The game ends when all 64 squares

| are filled, or when neither player can

move (either because he has no legal

move or because his counters are gone).

The winner is the person with the most
pieces on the board.

Two examples will clarify the rules:

In the illustration on page 174 red can

play only on cells 43, 44, 45 and 46. In

each case he captures and reverses a

© 1960 SCIENTIFIC AMERICAN, INC

single piece. In the illustration on this
page, if red plays on cell 22 he is com-
pelled to reverse six pieces: 21, 29, 36,
30, 38 and 46. As a result the board,
which formerly was mostly black, sud-
denly becomes mostly red. Dramatic re-
versals of color are characteristic of this
unusual game, and it is often difficult to
say who has the better game until the
last few plays are made. The player with
the fewest pieces frequently has a strong
positional advantage.

Some pointers for beginners: If pos-
sible, confine early play to the central
16 squares, and try especially to occupy
cells 19, 22, 43 and 46. The first player
forced outside this area is usually placed
at a disadvantage. Outside the central
16 squares, the most valuable cells to
occupy are the corners of the board. For
this reason it is unwise to play on cells
10, 15, 50 or 55, because this gives your
opponent a chance to take the corner
cells. Next to the corners, the most de-
sirable cells are those that are next but
one to the corners (3, 6, 17, 24, 41, 48,
59 and 62). Avoid giving your opponent
a chance to occupy these cells. Deeper
rules of strategy will occur to any player
who advances beyond the novice stage.

Little in the way of analysis has been
published about reversi; it is hard to say
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What STL does:

Space Technology Laboratories is making
significant contributions in theoretical
analysis, research, development and
technical management of advanced ballistic
missile and space systems. STL conducts
advanced space flight experiments under the
executive management of the Air Force

on behalf of such agencies as ARPA and
NASA. In addition STL's leadership in
military applications of space technology is
illustrated by its successful accomplish-
ments as the contractor responsible for
over-all systems engineering and technical
direction of the Atlas, Titan, Thor, and

Minuteman portions of the Air Force A :

Ballistic Missile Program.
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There are two sides to the STL coin...

What STL offers:

For scientists and engineers with out-
standing capabilities, STL offers unusual
growth opportunities in many areas of
technical activity, including:

Electronic and Electromechanical Systems
Vehicle Engineering and Development
Propulsion and Guidance Systems
Computer Technology

Systems Engineering and Technical
Direction

Telecommunications
Airborne Systems
Ground Support Equipment

The Technical Staff of STL is the largest professional group in the nation devoted
exclusively to research, development, and systems engineering in the field of ballistic
missiles, space projects, and related advanced technology. If you want to apply your

skills and talents, in these advanced areas working with leaders in your field, investigate

positions at STL now. Please send your resume today to Mr. Richard A. Holliday.
Space Technology Laboratories, Inc., P. O. Box 95004

Los Angeles 45, California J

SPACE TECHNOLOGY LABORATORIES, INC.
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A Message to

Computer Engineers

Capable of Advanced Research
and Development in

TRANSISTORIZED
AIRBORNE DIGITAL
COMPUTING SYSTEMS

Wide latitude is accorded the qualified individual team
member at our Advanced Electronics Research and Devel-
opment Laboratory. Under the direction of Dr. Arthur S.
Robinson, a broad program of exploration is in progress
in the development of new concepts in solid state airborne
digital computers and digital control systems. This program
is the logical extension of the Bendix developments which,
in 1955, resulted in the first successful fully transistorized
automatic flight control system.

It you find satisfaction in defining and solving advanced
problems in computer technology, the work of this Labora-
tory has a great deal to offer. If you are currently qualified
in one of the following areas...

Digital Systems Synthesis
High Speed Switching
Logical Implementations
Magnetic Memory

Pulse Techniques
Input-Output Devices
Transistorized Circuits
Micro-Miniaturization
Logical Design

...we suggest that you send a brief resume of your expe-
rience and educational background to Dr. Robinson, or
telephone Engineering Personnel at ATlas 8-2000 in
New Jersey, or BRyant 9-8541 in New York.

ECLIPSE-PIONEER DIVISION

ol

AVIATION CORPORATION
Route 46 at 17, Teterboro, New Jersey

(Located in suburban New Jersey, 10 minutes from New York City)
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who, if either player, has the advantage
on even a board as small as four-by-four.
Here is an interesting problem that some
readers may enjoy trying to solve before
the answer is given in this department
next month. Is it possible for a game to
occur in which a player, before his 10th
move, wins by removing all the enemy
pieces from the board?

An amusing thing about the history of
reversi is that two Englishmen, Lewis
Waterman and John W. Mollett, both
claimed to be the sole inventor. Each
called the other a fraud. In the late
1880’s, when the game was enormously
popular in England, rival handbooks and
rival firms for the manufacture of equip-
ment were authorized by the two claim-
ants. Regardless of who invented it, re-
versi is a game that combines complexity
of structure with rules of delightful sim-
plicity, and a game that does not deserve
oblivion.

The answer in smallest numbers for
last month’s Lewis Carroll problem

of finding three right triangles with in-
tegral sides and equal areas is 40, 42 and
58; 24, 70 and 74; and 15, 112 and 113.
In each case the area is 840. Had Carroll
doubled the size of the two triangles that
he found, he would have obtained the
first two triangles cited above, from
which the step to the third would have

| been easy. Henry Ernest Dudeney, in

the answer to problem 107 in his Canter-
bury Puzzles, gives a formula by which
such triangle triplets can be easily found.

Carroll’s truth-and-lie problem has on-
ly one answer that does not lead to a
logical contradiction: A and C lie; B
speaks the truth. The problem yields eas-
ily to the propositional calculus by tak-
ing the word “says” as the logical con-
nective called equivalence. Without
drawing on symbolic logic one can sim-
ply list the eight possible combinations
of lying and truth-telling for the three
men, then explore each combination,
eliminating those that lead to logical
contradictions.

Carroll’s solutions to the six doublets
are: Grass, crass, cress, tress, trees, frees,
freed, greed, green; ape, are, ere, eir,
ear, mar, man; one, owe, ewe, eye, dye,
doe, toe, too, two; blue, glue, glut, gout,
pout, port, part, pant, pint, pink; winter,
winner, wanner, wander, warder, hard-
er, harper, hamper, damper, damped,
dammed, dimmed, dimmer, simmer,
summer; rouge, rough, sough, south,
sooth, booth, boots, boats, brats, brass,
crass, cress, crest, chest, cheat, cheap,
cheep, cheek.

The letters abcdefgi rearrange to
make the hyphenated word big-faced.



