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Abstract

Irradiation method, irradiation intensity and dosimetry have
always been important factors to be considered seriously in
conducting experiments concerning biological effects of
electromagnetic fields (EMFs). The requirements for these factors
are becoming far more rigorous with the further development in
bioelectromagnetic studies. Due to the complexity of experimental
studies in this area, these factors are to be determined individually
for each specific sort of experiment.

The paper presents andlysis of three major problems in relation to
the irradiation method, irradiation intensity and dosimetry, which
are among those obstacles encountered in experimental studies in
the frontier of bioelectromagnetics where effects on gap-junctional
intercellular communications of EMFs are being explored.

One sort of experiment concerning bioeffects of millimeter
waves (MMWs) at the cellular level is performed using a culture
dish containing a cell monolayer with MMW irradiated from the
underneath. After going through the dish bottom, only part of the
total incident MMW power density (PD) can penetrate into the cell
monolayer and this proportion is to be analyzed for a large-
diameter culture dish in the first part of the paper. A model
describing the case is provided along with derivations of equations
for involved calculation. With thorough calculations and
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illustrations, detailed descriptions of the relationships between the
PD proportion and the culture dish bottom thickness, MMW
wavelength and the electromagnetic properties of the culture dish
and culture solution are revealed. Another effort is also made in the
first part of the paper for analyzing the MMW PD confronting the
cell monolayer on the bottom of a culture dish featured by its small
caliber. The finite-difference time-domain (FDTD) method is
applied in computing EMF inside the small-caliber dish. The result
is provided as the PD distribution on the upper face of the dish
bottom where the cell monolayer is located. A qualitative
understanding of the influence of the culture dish structure on the
incident MMW PD can be reached from the result and so is the
conclusion that a necessary rigorous analysis of the MMW PD
should accompany each experiment of this sort.

Helmholtz coil pairs are often used to produce required
magnetic fields (MFs) in experiments about MFs effects on
biological materials. To make sure the biological sample located at
the center of the coil pair can receive the same amount of dose
everywhere within the space it occupies, the uniformity of MF in
the space is an important factor to be decided either by direct
measurement or by rigorous calculation. The unidirectivity of the
MF is also seriously required. With involved calculation, the
second part of the paper intends to use the current stick model to
analyze the relationship between the biological sample space
dimension and the uniformity and unidirectivity properties of the
MF within it. Results are illustrated in charts so that they can be
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used to assess the uniformity and unidirectivity of the MF inside
the sample space with a certain dimension in a Helmholtz coil pair.
The provided dimension is a relative value against the size of the
coil pair, so that the same results can also be useful to determine
the size of the coil pair when we are required to design one to
generate a MF with its uniformity and unidirectivity of a certain
degree in a sample space of a specified dimension or to evaluate
the size of the sample space when that of the coil pair is given. In
addition to Helmholtz coil pairs, there has been the introduction of
devices made up of three coils that have been proved effective in
their performances. One problem related to the design of the three-
coil device is to determine the number of turns of coil in the middle
position, which plays a key role in improving the uniformity and
unidirectivity of the MF. The paper finds a theoretical solution to
the problem. In addition, comparisons between three-coil devices
and the classical Helmholtz coil pairs are made in the aspects of the
uniformity and unidirectivity of MF in the biological sample space.

The third and final part of the paper is assigned the job of
working out a method to measure the EMF PD in the vicinity of
MMW radiators, which is often required in experiments when
MMW radiators are utilized. This section of the paper is detailed
thoroughly. The technique of plane wave expansion is employed
and a simplified way to measure electric field (EF) is derived in
the designing process. A program purposed for universal usage is
composed, compiled and provided after solving detailed related
problems such as digitizing calculation, applying the sampling
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theorem and the fast Fourier transform (FFT). During the
procedure of the newly designed method, the EF components in
two directions far from the MMW radiator are measured. The
derived data are taken over by the program that processes them,
transforming them into plane-wave spectrum. Then another
inverse transform process in the program turns the spectrum into
the EMF in the vicinity of the radiator. Then the EMW PD in this
area is derived. The method and the program are tested to be valid
when an experimental measurement of EMW PD in the vicinity of
a MMW radiator is performed.

Key Words irradiation, dose, millimeter wave (MMW), cell monolayer;
power density (PD), FDTD method, magnetic field (MF),
uniformity, unidirectivity, helmholtz coil pair, three-coil device,
MMW radiator, electromagnetic field (EF), fast-Fourier
transform (FFT)
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