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Background — Satellite on-board RLSA

Planet C (Akatsuki) - 2010 Hayabusa 2 Plan - 2014

©Japan Aerospace Exploration Agency ©Japan Aerospace Exploration Ageacy
Frequency 8.4GHz Frequency 32.0GHz

Gain >35.0dBi Gain >44.1dBi
Bandwidth 5.0MHz Bandwidth 5.0MHz
Diameter 90cm Diameter 90cm

Weight 1.16kg 1.16kg

!

© Weight Reduction
© Mechanical Strength Enhancement
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General Expressions for Vector and Scalar Potentials

Kaneyuki Kurokawa, Life Fellow, IEEE

Abstract—This paper derives general expressions for the vector
and scalar potentials in a bounded region. The necessary condi-
tions for a vector function to be, respectively, the curl of another
vector function and the gradient of a scalar function are first pre-
sented. Then with the help of Helmholtz’s Theorem, general ex-
pressions for the vector and scalar potentials are derived. The re-
sults are summarized in two theorems. Three corollaries are pre-
sented. The first one indicates that a vector function in a simply
bounded space is the curl of another vector function, if and only
if, its divergence is equal to zero. The second one indicates that a
vector function in a simply connected space is the gradient of a
scalar function, if and only if, its curl is equal to zero. The last one
indicates that the magnetic induction is the curl of a vector poten-
tial. The classical textbook hy Jeans presents the same conclusion
about the magnetic induction using an erroneous discussion. The
point where the discussion breaks down is indicated. Applications
to Antenna Theory as well as four simple examples are shown to
facilitate the understandings of the present discussion.

Index Terms—Antenna theory, potential, scalar potential, vector
potential.

I. INTRODUCTION

NTENNA theory uses vector and scalar potentials. Using
A the potentials gives us a simplified method of analyzing
field configurations. Textbooks on electromagnetism give the
foundations. Many textbooks [ 1]—[7] with some exceptions [8],

II. DISCONTINUOUS VECTOR FUNCTIONS

The magnetic induction B and the electric field E are in gen-
eral discontinuous at the interface of two media. In order to in-
clude B and E in our discussion, we assume as follows,

The region of our interest is a connected space V with the
boundary S. S may consist of a finite number of piecewise
smooth surfaces S = >_S; (i = 0.1.2..... 1). The area of S;
is each finite except for the outermost boundary Sy whose area
becomes infinite when V extends to infinity. The magnitude of
our vector function F of position T does not become infinite
in V, in other words. F is bounded in V. F may become
discontinuous across a piecewise smooth surface or surfaces D
with a finite total area, but F is continuous throughout V. — D
up to the boundary S.

If F = ¥V x AinV — D and the tangential component of
A is continuous across D, then we write as F = ¥V x A in
V. If the tangential component of A is discontinuous across D,
then ¥V x A becomes infinite and ¥V x A cannot be equal to
our bounded vector function F. If F = =V in V — D and
¢ is continuous across D, then we write as F = —Vg in V.
Similarly. if V-F = 0in V =D and the normal component of F
is continuous across D, we writeas V-F = 0in V.IfVXF = 0
in V—D and the tangential component of F' is continuous across
D. we write as V x F = 0 in V. These conventions will facilitate
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