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Electromagnetic Wave Propagation on Helical Structures

(A Review and Survey of Recent Progress)*
SAMUEL SENSIPERY, SENIOR MEMBER, IRE

Summary—The progress which has been made in recent years
in analyzing and understanding the electromagnetic properties of
helical structures is reviewed here. After a brief account of work
prior to about 1950, the results obtained from an analysis of the
sheath helix model are summarized. The more physically realistic
tape helix model and its characteristics—forbidden regions, space
harmonics, etc.—are discussed. Recent extensions to the analysis
of the sheath helix model including the effect of radially stratified
mediums, both isotropic and anisotropic, are noted. Also, additional
work using the tape or finite wire helix model is reviewed. Finally,
the recent investigations of filter helixes and contrawound helixes
are discussed.

INTRODUCTION

LTHOUGH helical structures have long been used
A in various ways as electromagnetic devices, their
recent use in traveling-wave tubes and in an-
tennas has stimulated a renewed interest in their prop-
erties, particularly at frequencies higher than those
normally used in the past. It is the purpose of this paper
to describe some of the recent progress which has been
made in analyzing and understanding the electromag-
netic properties of such structures.

As in the case of others configurations which can sup-
port electromagnetic waves, one desires to know the
characteristics of those solutions of Maxwell’s equations
which match the boundary conditions prescribed by the
helix or related devices.

The properties of those waves with harmonic time de-
pendence e#* which propagate as e~ with 8 real and
z the axial co-ordinate, are of interest. In pérticular, it
is important to know the values of 8 as a function of the
frequency and the various electrical and physical prop-
erties of the system. These waves with exponential de-
pendence, which also are called natural waves, free
modes, or residue waves, are of great significance in
traveling-wave tubes, since it is with these waves that
an axial electron beam interacts, and gain results. In
this paper we shall be concerned only with electromag-
netic wave propagation on helical structures in the ab-
sence of an electron beam. However, as Pierce,! among
others, has shown, a knowledge of the characteristics of
these modes enables many of the properties of operating
traveling-wave tubes to be calculated.

Incidentally, it appears that the free modes are also
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important in the radiation from a finite helix in that, as
in other finite radiating structures, they transport
energy between the driving source and the ends. How-
ever, considerably more analysis is required of this prob-
lem before the details of the role played by the free
modes in the operation of a finite helix can be clarified.

HisToricAL REVIEW OF PROBLEM

In order to place the recent advances in their proper
perspective, some discussion of past work is necessary.
Only a small number of the papers which appeared prior
to about 1950 are mentioned below. For more extensive
reviews the reader is referred to reports by Kline,?
Kornhauser,® Roubine,* and Sensiper.®

Up to About 1940

The earliest work on the helix problem seems to have
been done by Pocklington.® In his analysis the helix wire
was assumed to be very thin and a perfect conductor.
An integral equation for the free modes was derived and
approximate solutions obtained which predicted a trav-
eling wave whose axial phase velocity is near the ve-
locity of light ¢ (assuming the helix is immersed in free
space) for low frequencies, and whose axial phase ve
locity is reduced to ¢ sin ¥ (where ¢ is the pitch angle of
the helix) for high frequencies. This latter is equivalent
to a wave with a phase velocity ¢ traveling along the
wire. Although these solutions are more or less correct in
view of present knowledge, the fine structure of the
solutions was completely missed. Pocklington’s ap-
proach is representative of what can be called the thin
wire approximation.

Ollendor{” analyzed the so-called sheath model of the
helix which replaces the helix by an anisotropic current
conducting sheet and obtained solutions for the #n=0
mode which are essentially equivalent to those obtained
by more recent investigators.
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