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Imaging of electric permittivity and conductivity using MRI
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The purpose of this study is to propose a new method for noninvasively measure the spatial distribution of
electric permittivity and conductivity using magnetic resonance imaging (MRI). In this method, weak alternating
electric current is applied to the sample from a pair of surface electrodes. The permittivity and conductivity are
estimated from a set of images obtained with and without application of the current. The algorithm for calculating
these quantities was evaluated using numerical simulations and experiments. We used a cylindrical sample having
relative permittivity of 40 and conductivity of 0.14 S/m. In the numerical simulation, the method resulted in
permittivity of 40 and conductivity of -0.25S/m. Experiments were carried out using a 4.7 T MRI system and a sample
consisting of NaCl solution and ethanol. The estimated permittivity and conductivity were approximately 40 and 2.0
S/m, respectively. The results suggested that a reduction of error is necessary for practical applications. However, the
method has an advantage in noninvasive and high-resolution imaging of electric properties of the sample, and is easily

applicable to biological tissues.
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Fig.1 Experimental setup for magnetic resonance imaging
(MRI) of electric permittivity and conductivity. Weak
electric current of the magnetic resonance frequency
(Larmor frequency) was applied to the sample from a pair
of surface electrodes. The current is supplied from an
external radiofrequency (RF) transmitter(B).
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Fig.2 Operation diagram of the RF transmitters and the
receiver. The transmitter (A) produces RF fields with
inverting directions for the same duration of /2. The
transmitter (B) produces an RF field with one direction for a

duration of t.
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Fig.3 Dynamics of the magnetization vector during the
applications of RF magnetic fields generated from the RF
coil (B)) and the electric current flowing in the sample (B~
and B,").
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Fig.4 Protocol of measuring MRI signals and successive

calculation of electric permittivity and conductivity.
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Fig.5

numerical analyses of the permittivity and conductivity

Two-dimensional cylindrical sample model for

imaging method.
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Fig.6 Images of the phase angle of magnetic resonance
signals 8, (upper left) and 0., (upper right), and estimated
electric permittivity (lower left) and conductivity (lower
right).
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Fig.7 Distribution of electric permittivity conductivity and

on a line passing through the center of sample.
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Fig.8 Schematic of the sample for experiments
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