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ABSTRACT IEEE C95.1 (radio frequency) and C95.6 (low frequency) standards for human protection
from electromagnetic fields are currently under revision. In the next revision, they will be combined into
one standard covering the frequency range from 0 Hz to 300 GHz. Although the C95.1 standard considers
anatomical human models for deriving the relationship between internal and external field strengths,
homogeneous ellipses are used in the C95.6 standard. In the guidelines of the International Commission
on Non-Ionizing Radiation Protection, anatomical human models are used together with reduction factors to
account for numerical uncertainty. It is worth revisiting their relationship when using different anatomical
models. In this paper, five research groups performed a comparative study to update the state-of-the-art
knowledge of in situ electric fields in anatomical human models when exposed to uniform low-frequency
magnetic fields. The main goals were to clarify both numerical uncertainty and model variability. The
computational results suggest a high consistency among in situ field strengths across laboratories; agreement
in the 99th percentile with a discrepancy of under 5% was achieved. The in situ electric fields varied as
expected given the models’ different dimensions. The induction factor, which is the ratio of the in situ electric
fields for the temporal derivative of the external magnetic flux density, is derived for body parts and tissues.
The classification of body parts into ‘‘the limb’’ and ‘‘other tissues’’ is shown to be critical for determining
the in situ field strength.

INDEX TERMS Anatomical human models, human safety, dosimetry, magnetic fields, standardization.

I. INTRODUCTION
There has been public concern regarding potential adverse
health effects of human exposure to electromagnetic fields.
The World Health Organization (WHO) mentioned two
international guidelines/standards of human protection from
electromagnetic fields at low frequencies (LF), i.e., below
10 MHz: those issued by the International Commission on
Non-Ionizing Radiation Protection (ICNIRP) and those by
the IEEE (C95.6) [1], [2]. According to these guidelines/
standards, the dominant effect associated with exposure to LF
magnetic fields (∼ 5 MHz [1] – 1 MHz [2]) is electrostimu-
lation, which is caused by in situ electric fields.

Two different metrics are defined in these guidelines/
standards. The first metric is the in situ (internal) electric field
which is also called the basic restrictions or dosimetric refer-
ence limit [1], [2]. Themain purpose of this study is to provide
useful data for the revision of the IEEE standard. The other
metric is the external electric/magnetic field strength, called
as the reference level [2] or exposure reference level [1].
In the frequency range considered here, the in situ electric
field is directly related to health effects or electrostimulation
(pain or sensation). However, this is virtually impossible
to measure practically. For this reason, the corresponding
external field strength is defined for compliance purposes.
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When deriving the relationship between external and inter-
nal field strengths, IEEE uses homogeneous ellipses with
different dimensions for each body part whereas ICNIRP uses
anatomical body models. The IEEE low-frequency standard
will be revised in 2019 or later and the possibility of using
anatomical body models has been discussed. The difference
between the allowable external field strengths given by the
ICNIRP guidelines and IEEE standard is a factor of 7–12.

One of the difficulties associated with using anatomical
models as standards is the presence of numerical artifacts,
which are inherent to voxelized models, which are created
using a stair-casing approximation and discretization of the
human body with a finite dimension of voxels [3]. The elec-
tromagnetic computation for an anatomical model does not
have exact solution, making proper comparison complicated.

The ICNIRP guidelines applied an additional reduction
factor of 3 when deriving the reference level from the basic
restriction. Even though the 99th percentile value is specified
by ICNIRP to exclude singularities, international experts con-
tinue to discuss its effectiveness for exploring better metrics
(e.g., [4]–[8]).

The research agenda of IEEE ICES (International Com-
mittee on Electromagnetic Safety) highlights the necessity of
resolving numerical issues [9] It also states that ‘‘It would
be helpful to compare the induction factors applicable to
different physical representations of the human body, as well
as for the same body model as encoded into computational
models by different organizations.’’ Note that the induction
factor here is defined as the ratio of in situ electric fields for
the temporal derivative of the external magnetic flux density.
Even though the IEEE standard classifies the brain, heart, and
other tissues for human protection, until now, no comparative
study has been conducted to evaluate these metrics Compu-
tational techniques using anatomical body models have been
developed (e.g., [10]–[15]) following a comparative study
conducted 10 years ago [16] (see Sec. II)

The purpose of the present study is to conduct the inter-
comparison of the in situ electric field in different body parts
prescribed by the IEEE standard using different human body
models. The induction factors for different tissues/organs
prescribed in the IEEE standard are then derived for different
models to provide essential metrics for setting the limit in
future revisions of the standard

II. REVIEW OF COMPUTATIONAL DOSIMETRIC STUDIES
FOR STANDARDIZATION
The first intercomparison and review on LF magnetic field
exposure was published in [17]. In the 1990s, computations
using numerical human models were conducted at the Uni-
versity of Utah [18] and at the University of Victoria [19].
The resolutions of the two models were 7.2 mm and 6 mm,
respectively, which are insufficient to represent the average-
strength in situ electric field prescribed by the international
guidelines/standards. Different conductivities were used due
to the lack of reliable databases at the time. The groups
then conducted an intercomparison of in situ electric fields

and current densities with those reported by the National
Radiological Protection Board [20]. The relative difference
was a factor of 2 at most.

In the following years, different anatomical models have
been developed by different organizations. In addition,
several groups have independently developed computational
codes for LF dosimetry. An intercomparison study was coor-
dinated by a technical committee of the IEE Japan using a
standard Japanese model [16]. This study used an extensive
database and, unlike the earlier intercomparison, identical
sets of electrical conductivities and exposure conditions were
used. The differences between the results obtained by the
different participating groups were generally under 10–20%,
excluding singular results. In that study, only one anatomical
model was considered.

A few research groups discussed additional numerical
issues including skin-to-skin contact [21]–[23]; further com-
putational uncertainty was discussed. Several researchers
have also developed unique codes with the goal of improv-
ing product safety or compliance (e.g. [10]–[15], [24]–[26]).
In [12], the computed in situ electric field at the allowable
external field strength was calculated to exceed the allowable
in situ electric field in one model. Thus, the metrics used
in these studies may not match or satisfy the data require-
ments needed to revise the IEEE standard. Nagoya Insti-
tute of Technology (NITech) and Aalto University conducted
preliminary computations for setting the conditions for the
intercomparison, including the classification of trunk/limbs,
where different limits should be applied according to the
current version of the IEEE C95.6 standard [21].

III. MODEL AND METHODS
A. HUMAN BODY MODELS
We considered six different human models, as shown
in Fig. 1. Models a, b) are Japanese male and female adults,
named TARO and HANAKO, that were developed by the
National Institute of Information and Communications Tech-
nology (NICT) [27]; c, d) European male and female models,
namedDuke and Ella, that were developed by the IT’IS Foun-
dation [28]; e) the standardized model, NORMAN, devel-
oped by the National Radiological Protection Board [20];

FIGURE 1. Anatomical human body models: (a) TARO, (b) HANAKO,
(c) Duke, (d) Ella, (e) NORMAN, (f) Thelonious.
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TABLE 1. Characteristics of the six anatomical body models.

and f) the childmodel, named Thelonious, that was developed
by the IT’IS Foundation [28]. Duke version 1 was used for
intercomparison to assess the fundamental numerical uncer-
tainty. Note that version 1 was used due to licensing issues.

The models are based on magnetic resonance images and
are composed of more than 50 tissues and organs, such as
skin, muscle, bone, and so on. Table 1 summarizes the main
characteristics of the six anatomical body models. The origi-
nal model resolutions varied. For example, somemodels were
scalable to the desired resolution. We set the desired model
resolution as 2 mm × 2 mm × 2 mm, which is the original
resolution of TARO and HANAKO models.

In the IEEE C95.6 standard, a basic restriction was
specified for four types of tissues/organs: brain, heart,
limbs, and other tissues (which includes peripheral nerves).
Therefore, the blue area of the anatomical models shown
in Fig. 2 corresponding to the arms and legs, was defined as
the limbs. The human body tissues except for the brain, heart,
and limbs are categorized as ‘‘other tissues’’ Even though
no detailed classification is given in the IEEE C95.6 stan-
dard, the definitions used in this intercomparison are shown
in Fig. 2. Without any adjustments, a difference of ∼40%
was observed in the preliminary assessment of in situ electric
fields [29].

FIGURE 2. Classification of limbs in the different anatomical human
body models: (a) TARO, (b) HANAKO, (c) Duke, (d) Ella, (e) NORMAN,
(f) Thelonious.

B. TISSUE CONDUCTIVITIES
Table 2 shows the tissue electrical conductivities used in the
present study. These values were determined based on the
report in [30]. The effect of tissue permittivity on in situ
quantities in the LF region was marginal because the conduc-
tion current was dominant compared with the displacement

TABLE 2. Conductivity of human tissues at 50 Hz and 1 MHz as
determined by Gabriel (1996) [S/m].

current [31], [32]. Thus, the tissue permittivity was ignored in
our computation. The skin conductivity was set to 0.10 S/m
and 0.50 S/m for frequencies up to 3 kHz and at 1 MHz,
respectively, based on the discussion in [22] and [33].
In addition, the dielectric properties reported in [34] were
used to consider the effect of conductivity on in situ electric
fields. The parameters were based on the Gabriel dispersion
relationships [23]. However, the dielectric properties for
some tissues are not well-documented. In these cases, the
properties of a similar anatomical organization were used
as an approximation. For example, the properties of the
mandible, patella and vertebrae bones were substituted by
those of cortical bone. Also, several lumens in the IT’IS
models were replaced by air with no conductivity. Note
that the influence on the in situ electric field is extremely
small because the tissues occupying most of the human body
structure were not changed.

C. COMPUTATIONAL METHODS
Magneto-quasi-static approximation is valid in the frequency
range considered here. In this frequency range, the electro-
magnetic fields can be decoupled into the magnetic field
and electric field components. In this study, the exposure to
the magnetic field is considered because these scenarios are
more common in daily life except directly under power lines.
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There are several computational methods used for electro-
magnetic dosimetry in the magneto-quasi-static regime [35]:
scalar potential finite difference (SPFD) [31], voxel-
based finite element method (FEM), impedance [36],
quasi-static finite-difference time-domain (FDTD) [37] etc.
The impedance method was not considered here because the
electric field (vector component) is used in the computation
meaning its computational cost is approximately 10 times
greater than that of the SPFD method (see [20]). The quasi-
static FDTDmethodwas not considered because, unlike other
quasi-static method, it does not handle computational error
easily because it has no criteria for numerical convergence.

The SPFD method [31] was used at NITech, South China
Agricultural University (SCAU), and Central Research Insti-
tute of Electric Power Industry (CRIEPI).

The SPFD method sets the branch current instead of the
eddy current. Defining scalar potentials (unknowns) at each
node of a voxel, a branch current flowing from one node to
a neighboring one along the side of a voxel is derived, which
includes the vector potential owing to the applied magnetic
field and the impedance mismatch between the nodes.

6∑
n=1

Sn ϕn−

(
6∑

n=1

Sn

)
ϕ0 = jω

6∑
n=1

(−1)n Sn ln A0n, (1)

In Eq. (1), Sn, φn, ln, ω, and A0n denote the edge conduc-
tance derived from the tissue conductivity, the scalar poten-
tial, the length between the nodes, the angular frequency, and
the magnetic vector potential, respectively. Kagawa College
also uses the SPFD method, but the scalar potentials are
defined at the center of each voxel, although the governing
equation is the same.

Applying Kirchhoff’s current law to all nodes, simultane-
ous equations are obtained. The electric field along the side
of a voxel is obtained by dividing the potential difference
between the nodes of the voxel by the distance across the
nodes, and then adding the vector potential.

E = −∇ϕ0 − jωA0, (2)

A finite element method (FEM) [38] with first-order cubi-
cal elements was used at Aalto University. Under the quasi-
static assumption, the electric field can be represented as

E = −∇ϕ −
∂

∂t
A0, (3)

where ϕ is the electric scalar potential and A0 is the vec-
tor potential of the incident magnetic field. Because of the
continuity condition, the electric scalar potential satisfies the
following elliptic partial differential equation

∇ · σ∇ϕ = −∇ · σ
∂

∂t
A0, (4)

with the boundary condition

n · (∇ϕ +
∂

∂t
A0) = 0, (5)

The matrix equations for the SPFD method at NITech
and for the FEM at Aalto University were solved itera-
tively using the geometric multigrid method with succes-
sive over-relaxation smoothing [39]. The conjugate gradient
method with incomplete Cholesky preconditioner (Kagawa
College) [40], the bi-conjugate gradient stabilized method
(CRIEPI) [41], and the Jacobi iterative method (SCAU) [42]
were used as well.

Previous studies determined that a sufficient stopping cri-
terion to allow a truncation error of 1% for non-uniform
exposure is on the order of 10−5 in terms of the relative
residual [39]. In this study similarly, the criterion for uniform
exposure was a relative residual of 10−6. Thus, the relative
residual of 10−6 was used in all organizations for proper
comparison.

D. CONFIRMATION OF OUR COMPUTATIONAL CODES
AND DEFINITION OF RELATIVE DIFFERENCE
No exact solution exists for electromagnetic analysis of
the anatomical models. The above-mentioned computational
code has been confirmed by comparing the induced field
in a multi-layer sphere. The computational error of the 99th

percentile value of thein situ electric field was largest at the
outer layer (skin) and less than 10% using each of the codes.
Note that due to the stair-casing error the maximum in situ
electric field is larger than the analytic solution. The error in
the brain was less than a few percent, which is consistent with
previous findings [5], [43]

For intercomparison of results by different groups, a refer-
ence value, Ar , was introduced. It is the mean of the results
obtained by the five research groups. This definition is nec-
essary because of the lack of the exact solution of anatomical
models. The relative differenceD between the reference value
and the results calculated by either one of the groups is
defined by the following expression:

D =
Ai − Ar
Ar

, (6)

where the subscripts r and i correspond to the data for the ref-
erence value and that obtained by the i-th group, respectively

E. EXPOSURE SCENARIOS AND EVALUATION METRICS
A human model was placed in free space with a standing
posture. We conducted dosimetry for six anatomical body
models in the coronal direction (AP) exposure, in which the in
situ (induced) electric field is maximal [1].With respect to the
strength of the external uniform magnetic field, the magnetic
flux density was 0.1 mT and the frequencies were 50 Hz and
1 MHz, respectively, for computational uncertainty analysis.
In the ICNIRP guideline, the reference level of the magnetic
field is determined assuming a uniform magnetic field. Also,
these frequencies are close to lower- (1 Hz) and higher-
limit frequencies (5 MHz) [1]. For assessing the variability
across the different models, the frequencies of 50 Hz, 759 Hz,
1 kHz, 3 kHz, and 1 MHz were chosen. The frequency
of 759 Hz was chosen accounting for the transition frequency
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of the maximal permissible exposure in the IEEE C95.6 stan-
dard [1]. Note that different limits are prescribed for different
tissues. The threshold of the tissue depends on variables like
nerve fiber diameters. These differences are considered while
defining the relationship between internal and external field
strengths.

The in situ electric fields corresponding to ellipsoidal
induction models in the IEEE C95.6 standard for magnetic
field exposure at 0.1 mT, at the frequencies of 50 Hz and
1 MHz, are listed in Table 3. These values are defined by the
following equation [1]:

E = ωB

√
a4u2 + b4v2

a2 + b2
, (7)

where ω and B are the angular frequency and the magnetic
flux density, respectively, a and b are the semi-major and
semi-minor axes, respectively, and u and v capture the loca-
tion within the exposed area. To define the allowable values
for the four types of tissues/organs (brain, heart, limbs, and
other tissues), ω and B were used for the above conditions,
and other parameters were listed in [1]. An exposure sce-
nario for whole-body uniform magnetic field is considered
although the IEEE standard assumes exposure conditions for
individual body parts.

TABLE 3. In Situ electric field for magnetic field exposure at 0.1 mT,
calculated using the ellipsoidal magnetic induction model of the
IEEE C95.6 standard.

The averaging metrics used by the standardization bodies
differ; IEEE uses the in situ (or induced) electric field aver-
aged over a straightline segment of 5 mm [1] while ICNIRP
uses an average over a 2 mm cube [2]. In the latter, the
99th percentile value [2] should also be used considering the
numerical artifacts that are inherent in LF computation with
voxel human models.

In this study, the 99th percentile value was used as the
maximal value of the in situ electric field for simplicity. The
skin-to-skin contact regions with stair-casing error are mostly
excluded in post-processing. Note that while the IEEE uses
the in situ electric field averaged over a straightline segment
of 5 mm [1] this is not used here because the goal of the
present work is to clarify the numerical uncertainty in the
intercomparison. The difference in the electric fields calcu-
lated using a 2-mm cube and 5mm straight line was, however,
on the order of 20–30% for the skin [44]. The difference of
the threshold in situ electric field in IEEE and ICNIRP for
brain tissue stimulation was 5% [45].

IV. COMPUTATIONAL RESULTS AND DISCUSSION
A. COMPUTATIONAL VARIATION OF THE IN SITU
ELECTRIC FIELD IN THE ANATOMICAL BODY MODELS
In situ electric fields at 50 Hz for the TARO, HANAKO,
and Duke models are shown in Fig. 3 (a)–(c), respectively.
As shown in Fig. 3 (a)–(c), a small difference is observed,
especially in places of weird shapes, such as the neck and
armpits. The reason is that in situ electric field is the greatest
at certain places where the limbs and torso are connected,
such as at the armpits, and the crotch. For all groups, only
HANAKO demonstrated high in situ electric field in the legs
(Fig. 3 (b)).

FIGURE 3. In situ electric field distribution: (i) NITech, (ii) Kagawa,
(iii) CRIEPI, (iv) Aalto Univ, (v) SCAU. Models: (a) TARO, (b) HANAKO,
(c) Duke.

Tables 4(a) and 4 (b) show the 99th percentile value for
thein situ electric field, for different body regions and three
different anatomical models, for the uniform magnetic field
exposure at 50 Hz and 1 MHz, respectively.
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TABLE 4. The 99th percentile values of the in situ electric field (Ai) for uniform magnetic field (0.1 mT) exposure at (a) 50 Hz and (b) 1 MHz.
units: (a): mV/m, (b): V/m.

TABLE 5. Averaged values (Ar) and relative differences (D) of the 99th percentile values of the in situ electric field for uniform magnetic field (0.1mT)
exposure at 50 Hz(a), (c), (e) and at 1 MHz(b), (d), (f). Models: (a), (b): TARO, (c), (d): HANAKO, (e),(f): Duke.

To analyze the results obtained by different groups, the rel-
ative difference D for the 99th percentile values of the in situ
electric field is listed in the Table 5.

For the TARO model, the maximal relative difference was
12.9%, which appeared for the brain computed by Kagawa
College. The other difference larger than 10% was observed
in other tissues, computed by Aalto University. These differ-
ences might be attributed to differences between the compu-
tational methods. Indeed, in the study by Kagawa College
nodes were defined differently in the SPFD, compared with
the FEM that was used at Aalto University.

A similar tendency was observed also for the HANAKO
model, except for the limbs, where a more significant differ-
ence was observed between the in situ fields of the models’

limbs compared with that reported by the other two models.
This difference arises because the legs in the HANAKO
model are in contact each other making a larger loop for the
fields to be induced [21]–[23]. For HANAKO, the electric
field in the limbs was twofold higher than that for the other
two models.

The tendency observed in TARO was also seen in Duke.
The maximal relative difference was 12.5%, which corre-
sponded to the brain computed by the group at Kagawa
College and is similar to that found by other models This
confirmed that the results of the calculations by the five
research groups were in a good agreement with a mean
relative difference of 4.3% and maximal relative difference
of 16.2% (excluding the limbs of HANAKO)
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TABLE 6. Comparison of the in situ electric field for duke, for different sets of dielectric properties: (a) 50 Hz and (b) 1 MHz.

TABLE 7. Mean of the 99th percentile values of The in situ electric field [mV/m], computed at NITech and Aalto university. The column labeled
IEEE C95.6 corresponds to the ellipsoidal induction model. (50 Hz and 1 MHz results shown in table 4).

B. VARIABILITY OF THE IN SITU ELECTRIC FIELD ACROSS
DIFFERENT CONDUCTIVITY VALUES
The effect of tissue conductivity on the in situ electric field
was investigated using the Duke model and the code provided
by NITech. In addition to the set of dielectric properties
compiled by Gabriel, the set of parameter values compiled
by the IT’IS foundation was used, and the results obtained
using these two parameter sets are listed in Table 6. Note that
the conductivity of the skin was the same as discussed above.
As shown in Table 6, the relative difference excluding the
heart was smaller than 1.0%, suggesting that for used dielec-
tric parameters, the effect of the conductivity is marginal.
Note that the dielectric properties of major tissues, such as
muscle and fat, are identical across the two data sets. The in
situ electric field in the heart is relatively easily influenced
by the effect of the conductivity This effect is attributable to
the relatively high and low conductivities of the surrounding
structures, blood and lumens

C. VARIABILITY OF IN SITU ELECTRIC FIELD ACROSS
DIFFERENT BODY MODELS
To assess the variability of the in situ electric field across
different human models, we considered the six anatomical
models: TARO, HANAKO, Duke, Ella, NORMAN, and
Thelonious. The mean values of the in situ electric fields

computed at NITech and Aalto University were used. Note
that the average value of the relative difference between these
two groups was 5.6%; excluding the limbs of HANAKO,
it was 4.9%. Table 7 shows the average value of the in
situ electric field for different body parts and different fre-
quencies. The frequencies were chosen so as to cover the
frequencies up to the maximal permissible exposure in the
IEEE C95.6 standard.

As shown in Table 7, NORMAN in general exhibited the
maximal values, except for the heart. By Faraday’s law, this
can be attributed at least partially to the fact that NORMAN
is larger than the other models (Table 1). Comparable results
were observed for adult male models TARO and Duke. The
in situ electric field was smallest for Thelonious (the child
model).

The in situ electric field in the heart was strongest for
TARO (except at 3 kHz and 1 MHz). This discrepancy arises
because the heart is an internal organ; thus, the induction
current in the heart is affected by the surrounding anatomy.
This explains why the variability across the models was
relatively large for the heart (Fig. 3). The variability in the
limb was large because of skin-to-skin contact, as mentioned
in the previous section.

Table 8 lists the ratio of the in situ electric field
(maximal value across all the models, excluding limbs in
HANAKO) to the allowable field strength derived from the
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TABLE 8. Ratio of The maximum magnetic field coupling for each tissue
and frequency shown in table 7 to the corresponding coupling for the
ellipsoid in IEEE C95.6.

IEEE C95.6 ellipsoidal induction model for each part. As
shown in Table 8, the in situ electric field intensity ratio
exceeds the unity by 80% for the brain and by 15–60% for the
limb and other tissues. This underestimation arises because
an isolated and homogeneous ellipsoidal model was consid-
ered in the C95.6 standard calculation. Instead, as shown in
Fig. 3, the peak in situ electric field intensity appeared at the
place where the structure was complicated and/or the tissue
boundary was obvious, as discussed in previous studies. The
field strength in the brain is underestimated because the effect
of the isolated model is significant; based on Faraday’s law,
the current induced in the brain is large.

V. CONCLUSION
Intercomparison of the in situ electric field distributions
for low-frequency magnetic field exposure was coordinated
under the editorial working group #2 of IEEE ICES in con-
junction with subcommittee 6. The numerical uncertainty
caused by the use of different codes was ∼5%, assuming
the same conditions. This uncertainty was gradually reduced
using advances in computational techniques; it was 200%
in 2000 [17] and 10% or more in 2010 [16]. An additional
difference may arise when interpolation or additional post-
processing is applied [7]. However, the uncertainty is empha-
sized when the skin-to-skin contact exists, as in the model
HANAKO. This issue has been discussed extensively else-
where; however, when considering the anisotropy of skin
layers and a finite resolution of the anatomical model, this
issue is not crucial when deriving the relationship between
the in situ and external field strengths. If such computational
modeling is directly used for development of product safety
and/or compliance guidelines, further attention would be
required to properly treat this issue. Variability in the models
were caused by the differences in their cross-sectional areas,
as expected by the ellipses in the IEEE C95.6 standard and
Faraday’s law.

Computational results for the in situ electric field in the
brain, limbs, and other tissues were then higher than the
values obtained using the ellipsoidal induction model. This
implies that, even if the reference level of the magnetic field
is satisfied, the basic restriction may not always be satisfied
in the IEEE standard. This follows from the fact that the
MPEs of IEEE C95.6 were directly derived from the basic
restrictions using the isolated and homogeneous ellipsoidal
model. For example, for the brain, the remaining part and

anatomy of the head may influence the in situ field strength.
The induction factors obtained here would be useful for
relating the internal and external field strengths for uniform
exposures. Some exceedance of the factor from the ellipse
should be discussed as a replacement for the reduction factor
in the existing guidelines/standards.

In future work, we will further explore metrics that are
more stable than the 99th percentile for uniform exposure,
which may provide an improved estimate of the maximum
dose. In addition, there is a need to consider how to treat
variances in the results obtained using standards based on
anatomical models or ellipses. The difference for partial body
(non-uniform) exposure from uniform exposures should also
be discussed.
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