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Abstract: High-molecular gel containing capsu-
late thermo-chromic liquid crystal is made to visual-
ize three-dimensional distribution of electromagnetic
power absorption. A preliminary experiment is per-
formed at frequency of 1.5GHz. As a result of the ex-
periment, the three-dimensional distribution of elec-
tromagnetic power absorption is clearly visualized.
The result shows that the gel can be used as a phan-
tom for the electromagnetic dosimetry. It is necessary
to adjust the electrical properties of a phantom to those
of biological tissue.
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1. Introduction

Wireless communications equipments such as mo-
bile phones have become widely used in recent years.
This has led to increase public concern about exposure
of body to radio frequency (RF) electromagnetic fields
(EMF). For that reason, it is essential to investigate the
method for assessment of RF-EMF exposures on hu-
man body. One of the evaluation methods is to expose
a human model called phantom to RF-EMF and esti-
mate the absorbed energy.

In general, specific absorption rate (SAR) is used as
the evaluation indicator. SAR is determined from mea-
surements of an increase in temperature over a short
period of time following the exposure. Since it is im-
possible to measure the temperature in human body,
several methods have been developed.

One of them is to make a phantom and place opti-
cal fiber thermometers in it. Those thermometers can
measure temperature without interference by RF-EMF
and are fast in the response. However, a fiber can mea-
sure only a single point so it is difficult to know the
temperature distribution and heat flux of the whole ex-
posed area.

Thermographic method[1] makes it possible to
measure the temperature distribution on the surface of
the phantom with a thermal camera, although it is lim-
ited to two-dimensional measurement.

In order to solve these problems, a phantom contain-

ing nonionic surface active agent (NSAA) has been
developed[2]. This material becomes clouded above
a preset temperature called clouding point. Utilizing
this method, three-dimensional (3-D) temperature can
be visualized with a non-destructive way. A problem
of this method is that it can only visualize the tem-
perature higher than the clouding point. In addition,
a clouding point is influenced by base materials sur-
rounding NSAA. Thus, it is difficult to adjust both the
electrical properties and the clouding point to the de-
sired values.

We focused our interest on capsulate liquid crystal
which have been used for visualization of temperature
distribution of fluid[3]. The purpose of this study is to
make a phantom containing capsulate liquid crystal so
as to develop a method to visualize 3-D distribution of
electromagnetic power absorption.

2. Visualization Method with Liquid Crystal

Micro-capsulated thermo-chromic liquid crystal
(MTLC) is used for our experiments. The diameter
of the capsule is about 20 to 30 micrometer. The prin-
ciple to make temperature visible is shown in Fig. 1.
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Fig. 1: Principle of temperature visualization us-
ing micro-capsulated thermo-chromic liquid crystal
(MTLC).

The incident light is needed for visualization. The
wavelength of scattered light depends on the temper-
ature of the capsulate liquid crystal. MTLC are sus-
pended uniformly in the water or the gel.

Figure 6(a) shows the correlation of the color with
the temperature. This correlation is obtained in the
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measurement of the light scattered at 45 degrees to
incidental direction [see Fig. 5]. The wavelength of
the scattered light becomes shorter with the increase
of temperature. In other words, the scattered light
changes in its color from red to purple with the in-
crease of temperature. We should note that the ob-
served color or scattered wavelength as well as its in-
tensity depends on the angle of measuring location.

The experimental set-up for visualizing the temper-
ature distribution is shown in Fig. 2. A halogen lamp
is used as the light source. The sheet of the light is
focused on the water solution or the gel containing
MTLC. The temperature on the plane which is illumi-
nated by the sheet light, as shown in Fig. 2, becomes
visible. The intensity of the incidental light and the
transparency of the solvent govern the visualization
area. Furthermore, the area is restricted to the concen-
tration of MTLC because of its high scattering nature.
In our following experiment, the visualization area is
approximately 3cm depth and 5cm width as shown in
Fig. 2.
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Fig. 2: Schematic view of visualization set-up for 3-D
temperature distribution

Figure 3 shows the scattered light in the water solu-
tion containing MTLC. The water solution is heated in
the bottom of the container by a hot plate. Figure 3 in-
dicates temperature distribution in a convectional flow,
which can be visualized by MTLC.

The substrate material, however, should not be
convective in order to use this method to measure
SAR. Therefore, high-molecular gel constructed from
polyvinyl alcohol (PVA) is used as the substrate to pre-
vent convection. Figure 4 shows the temperature dis-
tribution within the gel phantom heated in the same
way as in Fig. 3. Since there is no convection, the ther-
mal conduction is visualized and we can see the layers
of the same temperature move upwards gradually.

3. Preliminary Exposure Experiment Using
Dipole Antenna

Fig. 3: Visualization of thermal convection with
MTLC. Solvent is heated by the hot plate below

Fig. 4: Visualization of thermal conductivity for PVA
gel containing MTLC. The experimental set-up is the
same as Fig. 3

We perform a preliminary exposure experiment us-
ing above-mentioned phantom. Figure 5 shows the ex-
perimental set-up. A dipole antenna is used to irradiate
a phantom containing MTLC with RF-EMF at the fre-
quency of 1.5GHz. The applied power is 37.3 W. The
phantom is placed 1.6cm apart from the antenna, and
is illuminated by a slit light from the opposite side.
The camera is placed at 45 degrees to the incidental
direction.

An electric conductivity σ and a relative dielectric
constant ε’ of the PVA gel phantom which is used for
this experiment is ∼0.76[S/m] and ∼73 at 1.5GHz, re-
spectively. Those of the high-water content biologi-
cal tissues at 1.5GHz are ∼1.2[S/m] and ∼54[4, 5, 6].
Therefore electric properties of the gel phantom are
not equivalent to the biological tissue. To adjust elec-
tromagnetic constants is a subject of future investiga-
tion.
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Fig. 5: Schematic view of RF-EMF exposure set-up.
The location of the digital camera is at an angle of 45
degrees to x-axis. 3-D view of temperature distribution
is obtained by moving the light guide along y-axis.

Figure 6 shows a distribution of the electromagnetic
power absorption of the phantom irradiated with RF-
EMF with a dipole antenna. Figures 6(b), (c), (d),
and (e) show the distribution of power absorption at
1, 3, 5, and 10 minutes after starting exposure, respec-
tively. The open circles in each figure indicate changes
of the temperature at the same points. It is apparent
that changes of the temperature distribution within the
phantom are visualized over time.

The temperature distribution inside the phantom
is also visualized by moving the slit light along y-
axis.These observations imply the possibility of the 3-
D visualization that is reconstructed by measured data
at each plane.

4. Conclusion

We have developed a method for visualizing the 3-D
distribution of electromagnetic power absorption. The
PVA gel phantom containing MTLC is made as trial
model. The thermal conduction without convection is
visualized with it.

In this study, we use a dipole antenna to observe
the electromagnetic power absorption by the phan-
tom. The result of this preliminary experiment clearly
shows 1.5GHz electromagnetic power absorption in a
time series. In addition, it suggests capability to re-
construct the 3-D distribution of power absorption by
moving incident light. However, we need to develop a
material of transparency with electric properties close
to those of the biological tissue.
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Fig. 6: The correlation of the color with temperature and time sequence of temperature distribution visualized by
MTLC. The visualized area is a plane parallel to x-axis. (a) shows the color changes from red to purple with the
increase of temperature. (b), (c), (d), and (e) indicate 1, 3, 5, and 10 minutes after starting exposure, respectively.
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