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ABSTRACT

In this paper we proved that the
folding planes of any isometric folding
of Minkowski space into itself keeping
the origin fixed are transverses to the
null cone.

1- INTRODUCTION

A map £ : M — N, where M and N are C Riemannian

maniﬁ§lds of dimensions m and n respectively, is said
to be isometric folding of M into N. iff for any piece-
wise geodesic path ¥ : J — M, the induced path fOE : J—N

is piecewise geodesic and of the same length [2],

The above definition makes no essential use of the
fact that the Riemannian structure g is positive definite,
All it is required is that geodesic segments are well-defined
and can be assigned "length". This suggest that the concept

of isometric folding can be extended to pseudoriemannian
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manifolds [1].

let £ : M-—>N be an isometric folding, the set of
all points x€M at which f is not differentiable is
called the set of all singularities of f [2]. This set

is the union of what we shall call k-folding planes

o ¢ k< m-1, where a O-folding plane is a point, a 1-fold-
ing plane is aline and a 2-folding plane is a plane and so
on.

Now, suppose that £ : Mﬁ — M4 is an isometric
folding of Minkowski M4 space into itself such that
£(0) = 0, f(x) =x, x # 0. Then £(tx) = tx, for all
t € R. Suppose further that x € null cone, that is
;1 x ! = 0. Then the expecting folding planes will be of
dimensions k where o < k < 3. These folding planes have
the property that f(y) =y for all y in the folding
planes. The following two theorems will grantee that

the 2-folding planes will be transverse to the null cone.

2~ Theorem 1
Let L be a time-sense preserving Lorentz 4 x 4
matrix with dt L =1, If 1 is an eigenvalue of L, then

the dimension of its eigenspace is either 2 or 4,

Proof. The time-sense preserving Lorentz 4 x 4 matrix
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0] 0

has the form [ 3 ], where 0, = [a,.] is a 3-dimensional
0 1 3 ij

orthogonal matrix.

and 1 be the eigenvalues of L,

and Ay ), = L

= 2

a
=

!-{:‘- ‘}\1 l>\2 v A
lz 4 A3 = a

henve A, +

1 +

22 T a3

IL fotleows that the possibilities of the cigenvalues Xl,kj

and A3- are : 1,3,A or 1,1,1 or 1,1,-1. This the eigen-

space of 1 is either 2 or 4.

3+=Theorem 2
If L is a time-sense preserving Lorentz 4 x 4
matrix with det L =1 and if 1 is an eigenvalue of order

2, then its eigenspace cannot be tangent to the null cone.

Proof. The coordinates can be choosen in such away that

the eigenspace and the eigenvectors are as follows:

t =2 (0,0,1,1)
} } respectively.
X =5 =20 (1v09010)

For a proper time-sense preserving Lorentz matrix
L (i.e., det L = 1) with the eigenvector (0,0,1,1), we
have 313 = 8y3 = 0, 854 = 1, and with the eigenvector

(1,0,0,0) we hgve dy] = 8q; =0, @) = 1, On denoting
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by F the 4-dimensional diagonal matrix all of whose dia-
gonal elements are 1, save the last, which is -1 and since
L is a Lorentz matrix we have L¥*¥ FL = F. This leads to the
2 2
1,

folleowing relations : 1 + ajy = 1, 859 = 8y, 839 = O,

. . . _ _ 4 _

which implies that a1, =0, a8y, =1 1, agy = 0.
Finally, since det L =1, then agy = 1l and so L

will be a unit matrix and hence, the eigenspace cannot be

tangent to the null cone.

From the above two theorem < it follows that the fol-
ding planes passing through the origin is transverse to
the null cone, each folding plane P such that o,x P
has the property that £(y) =y for all y P. In other
words the 2-folding planes of any isometric folding of
Minkowski space into itself keeping the origin fixed can

not be tangent to the null cone,
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