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Abstract : Electric currents are applied to body in numerous
applications in medicine, such as Electrical Impedance
Tomography (EIT), cardiac defibrillators, electrocautery and
some treatment methods in physiotherapy. If the magnetic field
within a region is measured, the currents generating these
fields can be calculated using the curl operator. In this study,
magnetic fields generated by AC currents injected into a
phantom is measured using MRL A pulse sequence that is
originally designed for mapping static magnetic field is used.
AC currents in the form of burst sine wave is applied
sychronous with the pulse sequence. Results show that this
method can be used in applications where the frequency of the
currents is in the audio range and the amplitude is a few
milliamperes or larger depending on SNR.

L INTRODUCTION

Scott, G.C,, et. al., have developed a method to measure
the magnetic fields generated by DC currents injected to a
sample using MRI [1]. Later, they worked on the
measurement of magnetic ficlds generated by injected RF
currents, again using an MRI system {2]. The frequency of
applied currents in the second method was the resonance
frequency of the MRI system. In both methods, they first
measure the magnetic field distribution and then calculate
the current density.

However, nobody has yet developed a method to measure
the current density in the intermediate frequency range. In
this study, a non-invasive method is developed to measure
the AC magnetic field generated by AC currents injected
into a sample. An MRI system is used for measurements. In
this method, the magnetic field component that is parallel to
the direction of the-main magnetic field of the MRI magnet
(z-direction) can be measured. The preliminary studies of
this research was reported in [3].

II. MATERIALS AND METHODS
The Pulse Sequence and the Signal Equation:
The MRI pulse sequence used is given in Fig.l. In the
absence of an applied AC current, this pulse sequence is the
same as the one used by Maudsley A A. et.al. to calculate the
DC magnetic field inhomogeneiig [4].
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Fig.1. Pulse sequence used for mapping AC magnetic field distribution
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During the observation period, if there is no internal AC
field distribution, the spins evolve under the influence of the
z-component of the static magnetic field inhomogeneity
B(x,y)-k only, where k is unit vector in z-direction.

If a time varying magnetic field b(x,y)cos(wt)-k is added
to the static magnetic field inhomogeneity B(x,y)-, then the
spin echo signal becomes,
s(u,v,H)=

t
i(xu+y v)eﬂ’ {)(B(X,}’) +b(x, y)cos(wt))dt dedy

fi m(x,y)e
- e1(xu +yv) ei;V(B(x, yit + b(x, y)sin(wt) / w)dxdy
1)

where, m(X,y) is a measure of the density of spins in the
transverse slice selected, and y is a constant. Spatial
frequency terms u and v are defined as  u=y*G,*Tg and
v=y*Gy*TG, where TG is the duration of the gradient
pulses.

Two dimensional Fourier Transform (2-D FT) with
respect to u and v is applied to the acquired data. This
operation transforms the data from spatial frequency domain
to the space domain. This is depicted in equation (2).

S(x.y,0) = Fp{ s(u,v,) }
iyB(x,y)t+iyb(x,y)sin(wt)/w)
= m(x,y)e @
where, F, represent 2-D FT operator. By defining
mg(x,y)= yb(x,y) /w and we(x,y)=yB(xy),
equation (2) becomes,

S(x,y,t) = m(x, y)- ei cwelx, )t Ci' myf sin(wt) @3)

S(x,y,t) will be referred to as time variation of voxel value at
(x,y). From equation (3), it is seen that the time variation of
the voxel value at coordinates (x,y) is the same as that of a
single-tone wide band FM signal [5].

We take the natural logarithm of both sides of (3),
In(S(x, y, t))

=ln(m(x, y)) + i-wg(x, y)t + i-¢; + i-mpsin(wt +4p) (4)
where, ¢) is the phase of the echo signal and ¢, is the phase
of the injected current at t=0. The imaginary part of equation
(4) defines a new temporal signal for each voxel at
coordinates (x,y). We call this function f(x,y,t),

f(x,y,0) = we(X,y)t +¢1+ mg(x,y)-sin(wt + ¢y)

= WX, y)t + 1+ mg(X,y)-cos(gy)-sin(wt)

+ mg(X,y)-sin(¢)-cos(wt) (5)
from which we form a set of linear equations,
f = A-x ©)

where f=[f(x,y,t),.-.s f(x,y,t...)]T is our measurement vector,
coefficient matrix A contains known parameters and
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