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Abstract
Cylindrical-shell electrets with radially-symmetric and axially-symmetric polarization are
discussed. Theoretical expressions for the electric fields of such electrets are obtained.
Possible applications of cylindrical electrets are indicated.

Introduction

Most published works on electrets deal with electrets in the shape of disks,
plane-parallel slabs, and thin films. However, electrets of other shapes may be
more appropriate for various experimental and theoretical studies. Spherical-
shell electrets! were recently discussed and studied by Jefimenko and Sun
(1972). The purpose of the present paper is to provide basic electric field data
on cylindrical-shell electrets.

Theoretical

Consider a cylindrical-shell electret placed between two grounded conducting
shields coaxial with the electret (Fig. 1). Let the electric field in the space
between the inner shield and the electret be E,, the electric field in the electret
be E,, and the electric field in the space between the electret and the outer
shield be E;. We are interested in expressing E;, E;, and E3 as functions of
characteristic geometrical and electrical parameters of the system. For a suffi-
ciently long electret (such that the end effects of the system may be neglected)
this can be done as follows.

Let the radii of the inner shield, inner electret surface, outer electret surface,
and outer shield be a, b, ¢, and d, respectively. Since the shields are at the same
potential, we have

I2E o + (2 E,dT + i E,+dT = 0. (1)
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FIGURE 1. Radially-symmetric system.

At the surfaces of the clectret the boundary conditions for the displacement
vector D must be satisfied. Let the real surface charge densities on the inner and
outer surfaces of the electret be 0, and 0,3, respectively. At the outer surface
we then have

(53 - 52)'Fu = 623, r=c, (2)
and at the inner surface we have
(D, = By)er, = 6459 r = b, (3)

where 1, is the radial unit vector, and the subscripts on the D’s correspond to
those on the E’s. -

The displacement vector inside the electret, D, , may be expressed in terms of
the field vector E,; and the polarization vector P of the electret as

D, =¢ E, +P, S

where €, is the permittivity of space. Since there is no polarization outside the
electret, D3 may be written as
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