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Introduction
Because MRI is an effective method for direct detection of electric currents inside tissues, severa principles to obtain electric-current-dependent contrast have been
proposed, such as observation of a phase shift in the Larmor precession [1], modulation of echoes by the radiofrequency (RF) pulse [2], and measurement of the apparent
diffusion coefficient [3]. In this study, we propose a new method for imaging a magnetic field generated by electric current based on a shift in the resonant frequency.
Theory
Figure (a) shows the pulse sequence used in this study. Thefirst electric current pulseis applied simultaneously with the excitation RF pul se to cause a shift in the resonant
frequency. The second el ectric current pulseisapplied to rewind the transverse magnetization. The excitation RF pulse has the Gaussian waveform with a duration of 10 ms
and a peak amplitude of 1.4 uT. To investigate the effects of the applied el ectric current on signal's, we anal yze the motion of magnetization during applications of the first
electric current pulse and the excitation RF pulse using the rotating-frame Bloch equation:
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where b, isthe component of the generated magnetic field in the direction parallel to the static magnetic field (z direction), and B, is the amplitude of the RF pulse. Figure
(b) shows the time course of the magnetization components under a generated magnetic field of b, = 0.25 uT. Theflip angle 6 after application of the RF pulseis given by
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Assuming that the sample has a homogeneous T, relaxation time and T, relaxation time, the signal intensity of images obtained by a spin-echo sequence is given by
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When the amplitude of the RF pulseis adjusted so that the pulse flips the magnetization to © = /2, the signal intensity of an image obtained with an electric current can be
normalized by the signal intensity without electric current as
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Figure (c) shows the relationship between the generated magnetic field b, and the normalized signal intensity g with parameter Tgr/T; = 2.0. This relation allows us to
express the intensity of the generated magnetic field |b,| as a function of the normalized signal intensity g. Thus, distribution of b, can be experimentally determined from
the images obtained with and without el ectric current and the relation of figure ().
Experiments and Discussion
The phantom used in measurements consisted of a plastic sphere filled with 1.0 % agarose gel and an insulated wire directed to the x axis. Electric current pulses were
applied with an intensity of 100 mA at the timing shown in figure (a). The z component of the generated magnetic field is given by b, = (uol/2m)(rj/|r ). Figure (d) shows
the distribution of b,.
Measurements were performed using a4.7 T MRI system. Images were obtained in aslice perpendicular to the x axis with and without application of eectric current. The
acquisition parameters were asfollows. Tr = 3000 ms, Tg = 60 ms, slicethickness=4 mm. The T, relaxation time of the agarose gel was measured by aninversion recovery
sequence. Figure (e) shows an image obtained with application of electric current. The magnetic field generated by the current caused a decrease in the signal intensity
around the wire. The T, relaxation time of the agarose gel was 1.5 s. The intensity of the generated magnetic field was calculated and is shown in figure (f). This
experimentally determined magnetic field was in good agreement with the theoretically calculated magnetic field.
In conventional methods of electric current detection based on phase images [1,2], phase unwrapping is necessary in the calculation of the magnetic field intensity. If
applied electric currents have a complicated distribution, phase unwrapping becomes a complicated procedure. Because the method proposed in this study does not use
phase images, phase unwrapping is not required.
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Figure: (8) NMR pul se sequence for detection of electric current. (b) Motions of the magnetization components under amagnetic field of 0.25 uT. (c) Relationship between
applied magnetic field b, and the normalized signal intensity (Tr/T1 = 2.0). (d) Theoretically cal culated magnetic field component b, generated by an el ectric current of 100
mA. The white circle indicates the edge of the phantom. (€) Image of the phantom with an electric current of 100 mA. (f) Experimentally determined magnetic field
component b,.
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