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Placing and moving spheres in the gaps
of a cylinder packing*)

Abstract. The closeness of a packing is defined as the reciprocal of the supremum of the
radius of a ball contained in the complement of the packing. It is known that the
maximum closeness of any packing of R3 with infinite circular cylinders of radius 1 equals
q'1 3 + 2 y/3, and, up to an isometry, the packing of maximum closeness is unique. We

prove that if in a packing no two cylinders are parallel, then, for any two balls of radius

g non-overlapping with any of the cylinders, each of the balls can move between the

cylinders to assume the other ball's place, without overlapping with any of the cylinders
during the motion.

Introduction

First, let us describe the content of this paper in a less rigorous, but more intuitive and
Visual manner.
Imagine a forest in which trees are cylinders, each being infinite in both directions and
of unit radius. Two such cylinders are allowed to touch, even along a line, but not to
overlap. There are various types of forests possible. If all cylinders are parallel, we say
that the forest is straight, and if no two cylinders are parallel, we say that the forest is

chaotic. A straight forest in which every cylinder touches six others is of special impor-
tance to us. We will call it the thickest forest. Our forests shall be inhabited with
porcupines which are animals of spherical shape. If the ball centered at P and with radius

r does not invade any of the cylinders of a given forest, then we say that there is room
at P for an r-porcupine.
Notice that the maximum radius of a porcupine that can live in the thickest forest is

q (2A/3) -1 (see Fig.l).

Figure 1
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