Quantum Chess, Reprinted with permission from The Pentagon, VXXVII, No.2, Spring 1968, pp 99-
103, Kappa Mu Epsilon student math magazine. (Reduces moves to simple equations on a six by eight
chessboard with 5 basic piece shapes and eight total pieces per player.)

Quantum Chess

Notcras A, BxgeL
Climax Malybdenanm Co., Climax, Colorado

Todav a great many chess games are playved botwesn eompaters
and men. No compuater program has vet been devised that wins cvery
time against movtal man, but there arc some that come close, F'erh.i[rs
man is aided by the face that ke has been plaving for over a thousand
vears. Ar the same time it is man wha has created thar dialwlic con-
traption, the computer. So if he beging to lose every time he can only
blame himself,

Chess is a highty mathematical pame. In Fact the moves of sev-
cral of the picess can be described by linear equations in x and ¥
For instance the rook can move any distance 11rlhunpj_‘.mlljr in two
directiors. If one thinks of the roolds square as an origin equal to
zero, then the maves of the rouk are described by the equations
A=, O,andx = 0,5 o a After the ook s moved the square
upon which it resides is o new arigin egual o zero and the samc
set of cqnations applies to its future movement. One can describe
the ruooves of the hishop by the equation v = », where both dircetions
of x and ¥ are positive. Again the square upon which the hishop
stands must be the vero paint at all times for this equation to hold.
The gueen, of course, moves aceording to both the eguations for the
rook and the equation for the bishop. The knight moves according
tr the pquation ¥ = x* -1 1, where the only value x can Iaba: is 1,
Henee the knight can move team the smiare it stands npeon any com-
bination of the two orthogonal divections 1 and 2. A <mwpler equation
coald have been given for the Tmight, bur the above one wis given
in ocder to show how one could sce some ol the picces 25 being
described by a possibly move complex syslem ihan is at first ap-
parcoi.

The Lighly watleatical moves of the chessmen suggest that
one could vary the pame to take advantage of an cven more pucely
mathematical sizucture, One ceuld add constants to the variables ana
ocherwise change the game so that the moves are recogniad more
for their equations than the word role for them. This change could
resull in a game in which one would write a sct of equations and
then play the wame.

A simple version of chess changed by changing the equations
of motian of the pieces is played on a 6 by § board. The equations

99



of motion of the picces and some of the possible moves are shown
in Fig. 2. Figore 1 sheaws a sngeestied apening setup for beginning
the game. The author has named this game quantum chess becaose
only certain integral values are allowed = and .

In Fig. 2 the piere »® + 1 can move any combination of the
distances (0,13, 1,20, (2,5), and (3, squarc on bordery. A free
path must be open for any of these moves {o take place. If a man is
captured he can only be captured at the endpoint of the move. For
instance, the ¥* + 1 piece in Fig, 2 can move to the right 3 squares
and down 1o the border where o dot s Plut*.uq[ to indicate this move.
The move can take place if either the path down and to the right
or to the right and down is open. The direction taken for x or vy is,
of course, arbitrary, but the x and y directions are always perpen-
dicular. Since the x and y ( positive ) axes are arbitrary cach equation




describes rnoves that are similar in cach of the four quadrants, One
of the curves described by the piece x* -1- 1 is shown by the curved
line in Fig. 2.
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Ome: nfl the pieces shown in 15g. 2 oboys the equation For a
circle. Since this eynation has integral solutions if either x or y is
zera the piece can move any orthogumal distance in either direction
like a rook. In addition the circle can move any combination of the
two perpendicolar distances 3 and 4, because 3 and 4 satisfy the
equation,

30 4 42 = 5

The unit piece moves just like the king in chess. The game is won
by capluring the unit. There are no picces equivalent to the pawn as
in chess.,
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The terminology ‘annihilated’ has besn added for a picce that
ts eapturcd, Strictly spealdng annihilaiion woubl have @ desteoy
hoth pieces if any analogy with atonic pacticles were to hold, Player
and antiplayer can begin with the opening sctup shown in Fig 1.
home shapes for pieces are also sugoested in Fig. 1. 1 vou have a
chesshoard you can place a stip of paper over the 2 by & portion
of squarcs that is not wsed for quantmon chess. Since there are six
basically different picces in chess vou can usc these For pioves of
quanbum chess i you want o, Lowever, it is casy to ont the picces
chawn fn Fig. 1 ool of o square bar of wood. 1t will also be much
less contusing since pieces Jogivally resemble their equations of mo-
tion and will'be casily remembered i they have the shapes shown.

On the npening oves the C = L piece Cx =1, 3 = 1) cannot
move up and down but can move sideways. This rule is added so that
s man cannot be captured on the fivst move, Tt appears that in the
First few moves the man to move first usually has a small advantage,
As the pame provresses it appears thai the advantage disappers, as
in chess. The pieces seem w be guite powecful but W can be very
difficult to chéckmaie, even if you have a good advantage. The game
develops faster than chess, bt rapidly develops mmph xity so thut
i plirver mav find imselF taking qmtﬁ a long time to decide on a
move. There is also an advantage in guantum chess in learming the
moves of the varivos pieces as equetions. This gives the game g dis
tinecl. edircational value amd allows an objective approach. One will
saon atempt tricky moves from the Ingical standpeint of sohotion: @
several equations alter transforming, It is possible to develop a good
deal of respoct and facility for cartesian coordinates by merely playing
this game, or othér versions of it.

Apprve A DInpnsion

The quadruple symmetry of the maves of the various picces in
Quantum chess makes it casy to add a dimension of fime to the moves,
Up and down directions may be considered to belong to the y— axis
while sideways directions arc the x- axis, Un a plaver’s first move all
pivces ohey the equations » = x — 1, {3y = ), x = 1, 2, =++],
¥y =1z 1,y =& 1, and the given cquation {oc the -:m:!c. {Jn
the same pluver's seennd move all pieces obey the same equations with
x amd y interchanged. On all odd moves, fiest, third, fifth, that a
player makes his picces can move only acenrding fo the cquations
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given above, On all even moves pleces must nhu; the same equations
11:1'I= x and 3 interchanged, as stated above for a s2cond move,

Thus fime enters into the game using the idea of odd and even
parity moves. The time e alternately otates the strategy of the
game 907 so that o1 must keep thinking in terms of a chunge of
lmm} on the next allowable moves, At the same time the power of
the picces diminishes so that the total complexity of the game siays
about the same. Llowever, dnce power has diminished in the picces
irwill take lenper to plav a same with the time mle added, Captures
will tend to sccar with less Frequency through the same number of
HIVES,

HU]JEILI[I:,‘ studenis of mathematics will talke U 4 funtim choss
md develop theiv own versions so ‘hat they may enjoy many games
while learning valusble markematics,
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