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Abstract— Integral equation formulation for calculating the B1
fields of a MRI coil without and with a simulated body load
have been used. Results for a single element agree with earlier
results from FDTD calculations.
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1. INTRODUCTION

Detailed electromagnetic field calculations using
integral equations with the moment method determine the B,
fields in coils of various kinds in magnetic resonance
imaging systems. The advantage of this method is that the
calculations for the unloaded and loaded coil may be
performed extremely rapidly, compared to the usual finite
difference time domain (FDTD) calculations. For the
present paper, the field is calculated at the center of a 7.4 T
TEM [1] body coil, both in the unloaded and loaded
conditions, with the loading taking the form of a phantom in
the form of a centrally placed diametric cylindrical volume
[1] with a relative permittivity of 70, and conductivity of 0.5
S/m. Here, we provide some results based on these
equations, and at the meeting, detailed results of the moment
method calculations will be presented. Self consistent
calculations based on these integral equation formulations
will be reported elsewhere. In this paper the current
distribution along the coil elements are assumed to be
known, based on the results of earlier FDTD calculations
[2]. Tt is assumed that the coil is 31.5 cm long, has an
internal diameter of 57.5 cm, and an outer ground shield of
62.5 cm, and sixteen element rods, and one or more of these
element rods driven. For the present calculations, the effect
of the shield have been ignored.

II. UNLOADED CoOIL

In the unloaded coil, the far field condition for the
single element requires that the observation distance r to the
element be much greater than 2D*A [2], where D is the
largest dimension of the element, 31.5 cm length, and A is
the free space wavelength which at 300MHz is 1m, and this
factor is 19.8 cm. The value for observation distance r at the
center of the coil is 28.75 cm, which is not many times this
factor, and therefore the near field term has also been
included. It can be shown for a single element, the magnetic
field in the coil center, assuming constant current in the
element, is given by
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where the element length is /, the distance of the observation
point to the element is r, the propagation constant in free
space is ky, and r; , are the distances from the element ends
to the observation point. The presence of the additional
elements of the coil increases this result by their number
depending on whether they are driven or resonate
sympathetically, in which case, their currents may also be
calculated. The presence of the shield radius 31.25 cm,
results in image elements with currents in the opposite
direction. In the far field condition, the radiated field would
cancel, but in the near field and Fresnel zone [3] which
pertain to these calculations, the cancellation is not
significant.
III. LoADED CoIL

The body is approximated by a cylinder radius 18.25
cm, with g of 70, and average conductivity ¢ of 0.5 S/m,
and this is assumed to be placed centrally in the coil. At 300
MHz, the complex relative permittivity becomes (70-j30),
which in turn results in the complex propagation constants o
=11 Np/m, and B = 53.7 radians/m, and the complex index is
(8.55-/1.75). Because the real part of the index is large, the
refraction of the waves from any point in the element into
the medium results in almost normal propagation. Thus, for
the purpose of this calculation, it is assumed that the wave
vectors from the sub-sections on the element all point to the
intersection of the normal from the observation point with
the body surface to the element. The average reflection
coefficient is calculated and then the propagation of the field
within the body is calculated, to obtain the B1 field. At the
center of the coil, the Bl field in the phantom is
approximately 0.11uT for a single element with 1 A of
current for the above parameters, which agrees with earlier
FDTD calculations of the body with the complex human
body model [2]. However, the computation time is very
much reduced.
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