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Abstract: A numerical method which can take account of
lossy diclectrics near the antenna has to be developed for
the design of the radio frequency antenna in  magnetic
resonance imaging, beccause the human body is a lossy
diclectric. In this paper, a combined method of the moment
method and the boundary element method is proposed. For
the verification of the proposed method, a helical antenna
loaded with cylinder was chosen as a calculation model, and
the calculated results were compared with the experimental
results.

Introduction

In the design of the radio frequency (RF) antenna
for magnetic resonance imaging (MRI), the moment method
can be used to determine the gcometry of the antenna and
to improve the current distribution on the antenna[l].
Because the human body is a lossy dielectric, a numerical
method which can take account of lossy dielectrics near the
antenna[2] has to be dcveloped.

In order to analyze the clectromagnetic field of the
wire antenna in the presence of a dielectric body with
threc-dimensional shape, we proposc a combined method of
the moment method and the boundary clement method. We
can use the moment method for the analysis of wire
antennas[3] and the boundary element method for the
analysis of three-dimensional scattering problems(4],{5]. In
the proposed method, the scatiering ficld of dielecirics in
the moment method is calculated by using the equations of
the boundary element method, and the impressed field of
current distribution in the boundary element method is
calculated by wusing the approximation of the current
distribution in the moment mecthod.

Formulation

Figure 1 shows a simple wire antenna model in the
precsence of a dielectric body. In order to combinc the
moment method with the boundary clement method, the
interactions between the two methods have to be
considered.

In the moment mecthod, the boundary condition at the
field point / on the wire surface is given by

(Ei+Es).f =0 ()

where E!1 is the impressed electric field, Es is the scattered
electric field and { is the unit vector along the wire axis. Es
is given by the sum of the scattered fields from the wire and

the dielectric. EW is given by the following ecquations:

Es=Ed + Ew (2)
EY = - joA - Vy (3)
where

A=J‘ Holod!
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I and p are the current and the charge density,
respectively, and ¢ is given by
¢-jkr
o= — (4)
4nr

The charge density p is obtained from the distribution of the
current T by using the continuity condition of the current.

P —— )

Ed is given by the boundary element formulation.
The equation of the moment mcthod at segment [ is
obtained as follows:

(Ed; +E%). I =-Ei;- I
=Vi (6)
where V; is the applied voltage at segment [
In the boundary element method, the clectric field E;

and the magnetic flux density B; at the field point { in the
region V is given by

QE; ) P

=Ed; - |(jopJo + — Vo)dv (7)
4 v €
Q;B;

=Bd + [ (nIxVo)dv (8)
4 \

wherce

Ed; = J[-jw(an)q) + (nxE)xVo + (nE)Vo} ds
S

Bd; = J.{jmus(an)QJ + (nxB)xVy + (n:B)Vo} ds
S

S is the boundary surface of the region V, Qj is the solid

angle subtended by S, Ed and Bd are the electric field and
the magnetic flux density induced by the dielectric body. In
Eqs. (7) and (8), the integrals including J and p arc
rewrittcn by using the current I on the wire antenna as

Wire antenna

antenna in the of a

wire
body.

Fig.1 A simple
dielectric

presence
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I jopoJedv =J jmu02naJ¢dl=[ jopgledl 9)
v L L
P 1 dI
—Vodv= - | ——Vodl (10)
v £ Ljwep dl
'[ WoJxVdv =J pOZnaJxV¢dl=J wolxVod! (11)
v L L

The electric field E; and the magnetic flux density B; at the

field point i on the dielectric surface S are obtained as
follows:

1
EEi =E4 + Ev; (12)

1
7Bi=Bdi+B‘”i (13)

where

1 dl
E¥% = - [(jopold ~—— — V¢)dl
L )

WEQ dl

Bv; = J( HolxVeo)di
L

Finally, the simultancous equations for the unknown

electric fields, unknown magnetic flux densities on the
dielectric surface and unknown currents on the wire
surface are formed.

[ {20 fle]
(o {17l

where {CB), {CE}, {CI} and {CM]} are the coefficient matrices
defined by Ed; on the dielectric surface, E4; on the wire

antenna surface, EW; and B¥; on the dielectric surface and
E¥; on the wire antenna respectively in Egs. (6), (12) and
(13), and {V} is the applied voltage matrix to the wire
antenna.

1 n rimental Resul

In order to verify the applicability of the proposed
method, a helical antenna model loaded with a dielectric
cylinder shown in Fig. 2 was chosen. An epoxy cylinder
(e=5.3eg, 6=0), pure water (e=90¢p, 6=0) and city water
(€=90eg, 6=2.1x10-2) in a cylinder container are used as
dielectrics. Input admittances of the helical antennas were
investigated.

Figure 3 shows the input admittances of the helical
antenna without loading (D,;=0.319). The number of
segments of the helical antenna is 108. The calculated
results only by the moment method agree with
experimental results.

Figure 4 shows the input admittances of the helical
antenna loaded with the epoxy cylinder (D,=0.319, Dy4=0.299,
H=0.153). The number of the segments and the triangular
elements are 108 and 500, respectively. Unknown electric
field and magnetic flux density in the boundary element
method are defined to be constant on each triangular
element. The caiculated results of the proposed method
agree with the experimental results.

Figures 5 and 6 show the calculated results of tl}e
helical antenna loaded with pure water or city water in
cylinder container (D,=0.270, Dy4=0.240, H=0.150). The
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number of the segments and the triangular elements are 93
and 500,

respectively. In these cases, the calculated
resonance frequencies  slightly shifted from the
experimental results.
Conclusion

For the analysis of the wire antenna in the presence
of a dielectric body with three-dimensional shape, we
proposed the combined method of the moment method and
the boundary clement method. In order to calculate the
interactions between the thin wire approximation, the basic
equations for the moment method and the boundary
element method were modified. Furthermore, applicability
of the proposed method was verified by the comparison
between the calculated and experimental results of the
helical antenna loaded with a cylinder dielectric.

I Dg >{

0.0026¢

(a) (b)
Fig.2 Computation model of the helical antenna and 1l}c
dielectric cylinder, (a) helical antenna, (b) diclectric
cylinder divided into triangular elements.
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Fig. 3 Input admittance of the helical antenna without

diclectric: D,=0.319, (a)
(b) susceptance B.
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Fig. 4 Input admittance of the helical antenna in which

. A i ae Fig. 6 Input admittancc of the helical antenna in which the
the dielectric cylinder is inserted: D,=0.319, H=0.153,

city water in cylinder container is inserted: D,=0.270,

D¢=0.299, e=5.3¢0, 0=0,  (a) conductance G, H=0.150, Dg=0.240, e=90c, 0=2.1x10-2(S/m),
(b) susceptance B. (a) conductance G, (b) susceptance B.
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Fig.5 Input admittance of the helical antenna in which the
pure water in cylinder container is inserted:
D,=0.270, H=0.150, D4=0.240, £=90¢, 6=0, (a)conductance
G, (b) susceptance B.



