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Modeling of RFHead Exposure in Children
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This study analyzes the main parameters that should influence the specific absorption rate (SAR) in
children’s heads. The evolution of their head shape and the growth of specific parameters, such as the
skull thickness, are analyzed. The influence of these parameters on the radio frequency (RF) exposure
of children’s head is studied. The SAR over 1 g in specific tissue is assessed in different children’s head
models based on magnetic resonance imaging (MRI) and on non-uniformly down-scaled adult heads.
Comparisons with SAR data in adults are reported using a handset with a patch antenna operating at
900 MHz. Bioelectromagnetics 00:1–12, 2005. � 2005 Wiley-Liss, Inc.
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INTRODUCTION

With the increasing number of children using
mobile phones, there is concern about their exposure to
radio frequency (RF) fields and their possible sensitivity
to RF. Even though international bodies, such as the
International Commission on Non-Ionizing Radiation
Protection (ICNIRP) or the Institute of Electrical and
Electronic Engineers (IEEE), have developed exposure
limits to protect the general public against overexposure
to electromagnetic fields [ICNIRP, 1998; IEEE, 1999],
the public concern still exists.

From an exposure assessment point of view, the
questions are, on the one hand about the comparisons of
power absorbed by children heads to those absorbed by
adults, and on the other hand about the validity for
children of specific absorption rate (SAR) compliance
testing methods that are now required to check com-
pliance with the limits defined by international bodies
such as ICNIRP.

Previous studies based on numerical methods
have been carried out to analyze the energy absorption
of RF fields from handsets in the heads of children
[Gandhi et al., 1996; Schoenborn et al., 1998; Gandhi
and Kang, 2002; Wang and Fujiwara, 2003]. This
energy deposition has been compared to the absorption
observed in adults. Because a variety of head models
and RF sources have been used, comparisons are often
difficult. For instance, children’s heads have been
modeled using uniform or non-uniform scaling of adult
models, or using magnetic resonance imaging (MRI)
data to build an appropriate model. Besides the choice
of head model, the position of the handset relative to the

head and the modeling of the handset also have a large
influence on the SAR induced in tissues, further com-
plicating any comparison between the different studies.

This study analyzes the main parameters that
should influence the SAR in children heads. We study
the evolution of the head shape and the growth of
specific parameters, such as the skull thickness. The
SAR over 1 g in specific tissues is assessed for different
types of children head models based on non-uniformly
down-scaled adult heads as well as on MRI data.
Comparisons with SAR in adults are performed.

MATERIALS AND METHODS

SAR Assessment Using Numerical Method

Specific absorption rate estimation. The SAR in a
given tissue is given by the well known relationship
sE2=2r where s is the conductivity of the tissue, E the
electric field strength in tissue, and r the mass density.
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Different numerical methods can be used to assess

the electric field and the human exposure to RF emis-
sions. The aim of this section is not to review all the
methods but rather to give the reader an outline of the
popular finite difference time domain (FDTD) method.

The FDTD has been intensively studied and has
proved its intrinsic accuracy and its ability to estimate
the SAR in heterogeneous media [Taflove, 1995]. In the
FDTD procedure, Maxwell’s equations are discretised
in both space and time using central difference formulas
of second-order accuracy (with uniform grid), on a
staggered Yee-grid, as shown in Figure 1 for the 3D
case, where E and H are respectively the electric and
magnetic fields. This gives rise to the well-known
temporal ‘‘leap frog’’ scheme in one dimension. In 3D,
vectors components are involved [Taflove, 1995] but
the principle is the same.

Because of memory limitations the computational
domain has to be a finite volume and absorbing
boundary conditions have to be imposed on the borders
of the domain. The perfectly-matched layer (PML)
[Berenger, 1994], which results in very low spur-
ious reflections, is an absorbing boundary condition
that is nowadays intensively used in FDTD SAR
calculations.

SAR in heterogeneous adult head models. The SAR
estimation of a heterogeneous head requires an ac-
curate volumetric model of the head. Nowadays
the most popular model of this type is the ‘‘Visible
Human’’ (http://www.nlm.nih.gov/research/visible/
visible_human.html), whose segmentation was per-
formed by Brook’s Air Force Base in the United States.

Fig. 2. A: Handset modelwith a patch antenna, (B) headmodel, and (C) computed SAR (W/kg) in
headtissues.

Fig. 1Q5. Yee celland the‘‘leap frog’’schemeofthe FDTDmethod.

2 Wiart et al.



Author Proof

A
Using this adult head model, the SAR can be numeri-
cally estimated for any handset model by applying the
FDTD computational method (Fig. 2).

The accuracy of the numerical RF exposure asses-
sment does not only depend on the numerical method
used which in this case is very good, and on the accuracy
and representativeness of the head model, but also on
the positioning of the mobile phone relative to the head
(Fig. 3).

The presence of the head has an influence on the
antenna impedance of the handset. To compare simu-

lations, one can consider either of two scenarios: the
current delivered by the amplifier to the antenna is
constant (in this case the emitted power is varying) or
the power delivered by the amplifier is constant. A
previous study that analyzed this question [Wang and
Fujiwara, 2003] showed that this is a possible source of
uncertainty. In our simulations, we have considered a
constant power emitted (i.e., independent of the head)
which seems to be a realistic assumption in the RF
domain.

SAR calculations were performed on three
different head models derived from MRI data. Besides
the visible human mentioned above (shown in Fig. 11),
two other French models were used, namely the FTRD
adult head (shown in Fig. 7) and the COMOBIO head
model. Using a handset with a patch antenna (as in
Fig. 2), the maximum SAR over 10 g was calculated and
compared at 900 and 1800 MHz, showing large dif-
ferences between the head models. At 1800 MHz the
maximum SAR over 10 g varies from 0.14 to 0.49 W/kg
with a mean value of 0.34 W/kg, and at 900 MHz the
values vary from 0.61 to 1.24 W/kg with a mean value of
0.85 W/kg.

The results beg the question of how representative
any of these head models are, and in particular of the
choice of the visible human model as a reference. Based

Fig. 3. Profileof theskinsurface close to themobile.

Fig. 4. Agevariationsofheadwidth (upleft), craniofacialheight (upright), headperimeter (downleft),
andheadlength (downright).
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different adult head models, the variability of the SAR
over 10 g can be estimated at least �30%. Any com-
parison of SAR assessed in a child’s head will prompt
the same question.

Child Head Model

To analyze the SAR in children’s heads, repre-
sentative models have to be defined. The anthropometry
of their head and face as well as the morphology of their
body are age dependent [Sempé, 1979; Farkas, 1994].
The variations of parameters, such as head perimeter,
craniofacial height (i.e., head height), head length (head
size in the direction orthogonal to the face), and width as
a function of age are given in Figure 4, where it can be
observed that these parameters do not grow uniformly.

An important feature to note is that the proportions
of an adult head and a child head are different (Fig. 5).
The first models of children’s heads used in the litera-
ture to assess RF exposure were based on uniform
downscaling of an adult head [Gandhi et al., 1996],
where the head of a child was considered as a small
adult head. However, this approach does not take into
account for the fact that the proportion of the head is
age dependent. For instance, if an adult head size is
downscaled uniformly to 85% of its original size to
correspond to the outer dimensions of child, then the

brainvolume is equivalent to the one of a newborn child.
Because of this shortcoming, the uniform downscaling
does not provide an accurate child head representation.

Other approaches, such as the ‘‘Child-Like’’
model, have been developed using a method based on
non-uniform downscaling of an adult head [Wang and
Fujiwara, 2003]. The child-like head is built by
morphing deformation of an adult head. In this case,
the adult head is divided in different parts (Fig. 6) and
specific downscaling is applied to each of these parts.
The method allows creating age-specific head model
such as those shown in Figure 7.

The main limit of this approach is linked to the
non-uniform growth of organs. The head, the volume of
the brain, the skin, and skull thickness [Koenig et al.,

Fig. 5. Different proportionsbetweenadult head (left) andchildhead (right).

Fig. 6. Morphingprinciple:Headdividedindifferent parts.
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A1995; Seidenari, 2000] each grow at different rates.
Figure 8 shows the age variation of the temporal skull
thickness and the brain mass. The neurocranium of a
1-year-old child has a volume of 900 cm3, about
1200 cm3 for a 5 years old and the volume of an adult
skull is about 1300–1450 cm3. From 5 to 18 years, the
volume of the brain is quite constant while the thickness
of the skull increases by about 75%.

The thickness of the skin also varies with age
[Seidenari, 2000]. As shown in Figure 9, the forehead
skin thickness is 1.18� 0.22 at 2–3 years, 1.56� 0.36
at 11–13 years, and 1.99� 0.34 for adults.

Because of such different growth patterns for
different parts of the head, the SAR analysis is best done
using children head models based on MRI data. The
French ADONIS program (www.tsi.enst.fr/ADONIS)
of the RNRT research network (www.telecom.gouv.fr/
rnrt) is working to build age-dependent children head
models (Fig. 10) with eight tissues and a millimetric
resolution using MRI data.

While defining child head models based on MRI
is important, there is also a notable variability within
an age group. For instance, as shown in Table 1, the
characteristics of the 12 years old child of Figure 10 are
within 95% of the related class, nevertheless the height
is like a 10 years old mean child, the width is like a
15 years old mean child.

The electromagnetic properties of tissues are
needed to estimate the SAR locally. In this study, we
employ those internationally used [Gabriel, 1996]. In
this study, we focus the SAR analysis on the influence of
morphology and neglect the age variation of dielectric
properties [Van Rongen, 2004].

CHILD HEAD EXPOSURE: ANALYSIS OF
RF ABSORPTION

International bodies such as IEEE, IEC, and
CENELEC have developed methods [IEEE, 1999;
CENELEC EN50361, 2001; IEC PT 62209 Part1,
2005] to test the compliance of handset products to
related limits. A homogeneous phantom, the specific
anthropomorphic mannequin (SAM), has been defined
with a shape and equivalent liquid that provide a con-
servative approach (i.e., the SAR assessed in SAM is
always above the SAR induced in a real heterogeneous
head) of the measured SAR over 10 g. These inter-
national standards also define testing positions, namely
cheek and tilted. Since SAM is based on studies carried
out on adult heads [Drossos et al., 2000], it is of interest
to check if this approach is also conservative for
children. To that end, RF absorption calculations were
carried out using different children head models and
compared to data for adults.

‘‘Child-Like’’ Models Based on Morphing

Comparison with SAM. SAR calculations were
performed on SAM and the child-like model, employ-
ing the same phone models (Fig. 11) as those used in an
ongoing international inter-comparison coordinated by
the US food et drug administration (FDA) [Beard,
2003]. The normalized maximum SAR over 10 g of
tissue is shown in Figure 12 for both models at 835 and
1900 MHz. In all these cases, the SAR over a mass of
10 g has been assessed in all tissues involved (i.e.,
including pinna tissues). The SAR is estimated in SAM

Fig. 7. Adult headmodeldevelopedby FTRD (left),12 yearsold child-likehead (center), and 4 years
old child-likehead (right).
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to be more than twice the value in the child head and so
SAM is conservative for the child-like head considered.

As discussed in the introduction, the question is
not only to estimate the validity of compliance testing
method but also to analyze the specificity of children
absorption and to compare this distribution to the adult
one. To achieve this objective a specific analysis of
children has to be done.

Analysis of age dependence. First, a comparative
analysis of the RF absorption in different tissues within
the head (skin, muscle, skull, CSF, and brain) is per-
formed as a function of age (4 years old, 12 years old,
and adult). Technical variables include the frequency of
operation (900 and 1800 MHz) and the type of handset.
Three handsets are compared, that is, one with a patch
antenna, one with a dipole lined up with ear and mouth
located at 7 mm distance from the pinna and parallel to a
cheek position, and the handset used in the IEEE/FDA
study (Fig. 11) in cheek position. In each case, the
power emitted by the phone is considered as constant
(i.e., independent of the head). The advantage of the
dipole is to minimize the uncertainty due to the posi-
tioning of the phone (since it does not touch the skin, the
positioning uncertainty is smaller).

Using child-like models (Fig. 7) and different
handset models, the maximum SAR over 1 g of different
tissues has been estimated in the cheek position at
different frequencies. As can be seen in Figure 13, the
ratio between SAR in the adult and the child-like heads
depends both on frequency and handset type.

The mean value of the ratio (maximum SAR over
10 g in the child head) over (maximum SAR over 10 g
in the adult head) is 0.92 at 900 MHz and 0.83 at
1800 MHz with standard deviation of 0.17 and 0.12,
respectively. Over 1 g, these ratios are 0.98 at 900 MHz
and 0.91 at 1800 MHz with standard deviation of
0.21 and 0.20, respectively. The differences between
the maximum SAR over 10 g estimated in the adult
head and in the child-like heads are less than 25%
(Fig. 14).

The SAR in child-like brain tissues is larger than
in adult brain (ratio above 1 in Figure 14). Since the
morphing has reduced the thickness of the skull and skin
down to 10%, it is quite logic to have as shown in
Figure 14 a higher SAR in the brain of children com-
pared to the SAR in the brain of an adult. However in
both cases as shown in Figure 13, the SAR in the brain is
very small compared to the SAR in skin and muscle.

The morphing is based on the external shape of the
head. We analyzed the validity of this approach using a
patch antenna. The maximum SAR over 10 g in a
12 years old visible human head and a 12 years old MRI
head are compared: the model based on the visibleFig. 9. Thicknessof the foreheadskin (mm) versusage.

Fig. 8. Relatedagevariationof the temporalskull thickness (right)
and thebrainmass (left) [after Koeniget al.,1995].
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ATABLE 1. Characteristics of Children Head Models
Developed Under the Umbrella of the ADONIS Project

Age
Height
in cm

D/mean
(in s)a

Equiv.
age in
years

Width
in cm

D/mean
(in s)

Equiv.
age in
years

4 years old 18.5 �0.6 3 18.5 þ0.5 8
12 years old 21 �1 10 19.5 þ0.9 15

as is the standard deviation.

Fig. 10. Fromleft toright:Childrenheadmodelsofa 4 yearsold,5 yearsold,12 yearsold, andsagittal
viewofthe12 yearsold (below).

Fig. 11. Visible Humanandthe‘‘IEEE’’handset.
Fig. 12. Normalized maximum SAR over 10 g of tissues (a)
835MHz, (b) 1,900MHz.

Modeling RFHead Exposure 7
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Ahuman has a maximum SAR over 10 g 30% higher than
the one based on MRI.

The SAR induced in different tissues has also been
assessed. As shown in Figure 15, the SAR over 1 g in the
skin of a 12 years old based on visible human is over-
estimated but the SAR over 1 g in brain of this latter is
underestimated.

Fig. 14. NormalizedmaxSARover1gbrainexpositionandnormal-
izedmaxSARover10g (all tissues) foradult andChildrenfordiffer-
ent frequencyandhandset.

Fig. 13. A:Normalized (to250mW)SARover1ginducedindifferent
tissuesofadult andchildlikeheadsversushandset at 900MHz.B:
Normalized (to125mW)SARover1ginducedindifferent tissuesof
adult andChild Likeheadsversushandset at1,800MHz.

Fig. 15. Normalized SAR (to themax SARover1g in thehead skin
derived from visible human) for different tissues in a 12 years old
child head (child like derived from the visible human and model
fromMRI).

Fig. 16. Ratio of max SAR in tissues assessed in children MRI-
basedmodelrelative to the FTRDadultmodel.

Fig. 17. Ratio ofmax SARover10 g assessed in child-likemodels
andinMRIbased.

Fig. 18. SAR in head tissues (normalized to SARover1g equal to
1 W/kg in the visible human skin) using a handset with patch
antennaoperatingat 900MHzincheekposition.
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Child Models Based on MRI Data

To perform MRI on young children (under 6 years)
the head is usually wedged in order to limit possible
movements. The pinna is therefore strongly com-
pressed, which does not accurately represent the shape
of the pinna of the child during a mobile phone con-
versation. Hence using unaltered MRI data would
provide an overestimation of the SAR since the mobile
phone would be modeled closer to the head. To cir-
cumvent this problem, the MRI model has been slightly
modified to reduce the pressure on the pinna and to
allow comparisons with the other head models.

We calculated the maximum SAR over 1 g of skin,
muscle, skull, CSF, and brain using different phone
models (patch, dipole, and a quarter wavelength on a
box) and heads (adult, 12 years old and 4 years old)
based on MRI data. Calculations were carried out at
different frequencies (835, 900, and 1800 MHz). In all
cases, the power emitted by the phone was considered
constant (i.e., independent of the head). Moreover we
observed that the real part of the impedance varied by
less than 20%.

Results obtained from head models based on
morphing (child-like) and on MRI data are compared in
Figure 17.Q3 The figure shows that child-like models
used in this study overestimate the SAR over 10 g
assessed in MRI-based head model. However, since
head models generally have large variability, further
analyses are required before firm conclusion.

The ratio between the max SAR over a given mass
of tissues in children and adults is given in Figure 16.
The extrapolation of such results is complex since on
one hand, the position of the phone may also have a
large influence on the SAR assessment, and on the other
hand the question of the representativeness of child and
adult heads used is still open.

We compared the SAR induced in specific tissues
with different heads of adults and children using the
handset having a patch antenna operating at 900 MHz in
a cheek position (Fig. 18). The SAR over 10 g depends
on the head model, as shown in Table 2 the SAR over
10 g calculated in Visible Human is, in this configura-
tion, lower than the one estimated in the ‘‘FTRD’’ head.
The Table 2 shows that the maximum SAR over 10 g
assessed in child MRI-based head models is compar-
able to the SAR calculated in adult heads.

Moreover, as expected, the model having a
strongly compressed pinna has a higher SAR in tissues
than the model having a realistic compression. Figure 18
shows also that the SAR induced in the children brain is
slightly higher than the adult ones. This being said, the
level of exposure in the brain remains very low.

FETUS EXPOSURE

In the analysis of children exposure to RF, the
fetus represents a specific situation. Assessing the ex-
posure of the fetus is difficult since MRI procedures are

TABLE 2. Maximum SAR over 10 g Normalized to 1 W/kg in Visible Human

Visible
human

Adult
‘‘FTRD’’

12 years
old child

4 years
old child

4 years old child having a
pinna strongly compressed

Max SAR over 10 g 1 W/kg 1.7 W/kg 1 W/kg 0.9 W/kg 1.6 W/kg

Fig. 19. Planarmultiplayerstructure (left) andconductivityof thevariouslayersat 900MHz (right).

Modeling RFHead Exposure 9
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Fig. 20Q4. SARassessment in fetususingamultilayerapproachat 900MHz.
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rarely performed on fetuses. Data are sparse; although
some data are available, for example, on the uterus
thickness, which increases up to 3 cm at 4th month
and is between 4 and 10 mm at term, we have not found
data on the hypoderm thickness of pregnant woman.
Since this layer could play a role of matching, we
performed a parametric analysis using a planar multi-
layer analysis.

Based on theoretical method of plane wave propa-
gation in layered structures, a multilayer (Fig. 19)
structure composed of skin, hypoderm, muscle, uterus,
placenta, amniotic fluid (considered here as cephalo
spinal fluid or CSF), and fetus (considered here as
muscle) was analyzed.

We considered a thickness of the skin of 2 mm, the
one of muscle and uterus 5 mm, the thickness of
placenta and amniotic fluid 10 mm and 2 mm, res-
pectively. The thickness of the hypoderm is considered
between 8 and 70 mm. At a frequency of 900 MHz and
using relevant dielectric properties of tissues, the
incident electric field (120 V/m) leads to a SAR value
of 0.8 W/kg in a liquid equivalent to the head.

Figure 20 summarizes the results. With frequen-
cies higher than 900 MHz, the ratio of Max SAR in fetus
and mother seems (see Fig. 20C) to be lower than 1/6.
Nevertheless since a simplified model has been used,
these results have to be considered as preliminary and
should be confirmed with realistic models of tissues and
sources.

CONCLUSION

This study analyzes the SAR in children. The SAR
estimated in the SAM is compared to the SAR estimated
a child head model built using a morphing approach of
visible human. The maximum SAR over 10 g in SAM
has been found to be twice that in the child head.
Therefore SAM can be considered as conservative to
check the compliance to the related limits.

The morphology and the external head shape
depend on the age. The influence of the head model on
SAR in specific tissues has been investigated. Compar-
isons between SAR in adult heads and in children head
models based on MRI have been performed and are
discussed in the document.

Dealing with the maximum SAR over 10 g, the
observed differences are comparable to those observed
using different adult heads. It is found in the analysis of
the SAR induced in brain that the max SAR over 1 g
in children brain is slightly more significant than the
one for the adult, while it remains at a weak level of
exposure.

Using a multilayer approach, a preliminary
assessment of SAR in the fetus has been investigated.

With frequencies higher than 900 MHz the ratio of
Max SAR in mother and fetus has been found higher
than six.

Since organs are affected by large variability, the
study carried out in this study has to be confirmed using
extensive analysis based on a larger number of head
models.
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disseminate your work to the fullest extent, we need to have this Copyright Transfer Agreement signed and returned to us as
soon as possible. If the Contribution is not accepted for publication this Agreement shall be null and void.

A. COPYRIGHT
1. The Contributor assigns to Wiley, during the full term of copyright and any extensions or renewals of that term, all

copyright in and to the Contribution, including but not limited to the right to publish, republish, transmit, sell, distribute
and otherwise use the Contribution and the material contained therein in electronic and print editions of the Journal
and in derivative works throughout the world, in all languages and in all media of expression now known or later
developed, and to license or permit others to do so.

2. Reproduction, posting, transmission or other distribution or use of the Contribution or any material contained therein,
in any medium as permitted hereunder, requires a citation to the Journal and an appropriate credit to Wiley as
Publisher, suitable in form and content as follows:  (Title of Article, Author, Journal Title and Volume/Issue Copyright
 [year] Wiley-Liss, Inc. or copyright owner as specified in the Journal.)

B. RETAINED RIGHTS
Notwithstanding the above, the Contributor or, if applicable, the Contributor's Employer, retains all proprietary rights other
than copyright, such as patent rights, in any process, procedure or article of manufacture described in the Contribution,
and the right to make oral presentations of material from the Contribution.
 

C. OTHER RIGHTS OF CONTRIBUTOR
Wiley grants back to the Contributor the following:

1. The right to share with colleagues print or electronic "preprints" of the unpublished Contribution, in form and content
as accepted by Wiley for publication in the Journal.  Such preprints may be posted as electronic files on the
Contributor's own website for personal or professional use, or on the Contributor's internal university or corporate
networks/intranet, or secure external website at the Contributor’s institution, but not for commercial sale or for any
systematic external distribution by a third party (e.g., a listserve or database connected to a public access server).  Prior
to publication, the Contributor must include the following notice on the preprint: "This is a preprint of an article
accepted for publication in [Journal title]  copyright (year) (copyright owner as specified in the Journal)".  After
publication of the Contribution by Wiley, the preprint notice should be amended to read as follows: "This is a preprint
of an article published in [include the complete citation information for the final version of the Contribution as
published in the print edition of the Journal]", and should provide an electronic link to the Journal's WWW site,
located at the following Wiley URL: http://www.interscience.Wiley.com/.  The Contributor agrees not to update the
preprint or replace it with the published version of the Contribution.

2. The right, without charge, to photocopy or to transmit online or to download, print out and distribute to a colleague a
copy of the published Contribution in whole or in part, for the Contributor's personal or professional use, for the
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advancement of scholarly or scientific research or study, or for corporate informational purposes in accordance with
Paragraph D.2 below.

 
3. The right to republish, without charge, in print format, all or part of the material from the published Contribution in a

book written or edited by the Contributor.

4. The right to use selected figures and tables, and selected text (up to 250 words, exclusive of the abstract) from the
Contribution, for the Contributor's own teaching purposes, or for incorporation within another work by the Contributor
that is made part of an edited work published (in print or electronic format) by a third party, or for presentation in
electronic format on an internal computer network or external website of the Contributor or the Contributor's employer.

 
5. The right to include the Contribution in a compilation for classroom use (course packs) to be distributed to students at

the Contributor’s institution free of charge or to be stored in electronic format in datarooms for access by students at
the Contributor’s institution as part of their course work (sometimes called “electronic reserve rooms”) and for in-
house training programs at the Contributor’s employer.

D. CONTRIBUTIONS OWNED BY EMPLOYER
1. If the Contribution was written by the Contributor in the course of the Contributor's employment (as a "work-made-for-

hire" in the course of employment), the Contribution is owned by the company/employer which must sign this
Agreement (in addition to the Contributor’s signature), in the space provided below. In such case, the
company/employer hereby assigns to Wiley, during the full term of copyright, all copyright in and to the Contribution
for the full term of copyright throughout the world as specified in paragraph A above.

2. In addition to the rights specified as retained in paragraph B above and the rights granted back to the Contributor
pursuant to paragraph C above, Wiley hereby grants back, without charge, to such company/employer, its subsidiaries
and divisions, the right to make copies of and distribute the published Contribution internally in print format or
electronically on the Company's internal network.  Upon payment of the Publisher's reprint fee, the institution may
distribute (but not resell) print copies of the published Contribution externally. Although copies so made shall not be
available for individual re-sale, they may be included by the company/employer as part of an information package
included with software or other products offered for sale or license.  Posting of the published Contribution by the
institution on a public access website may only be done with Wiley's written permission, and payment of any
applicable fee(s).

 
E. GOVERNMENT CONTRACTS

In the case of a Contribution prepared under U.S. Government contract or grant, the U.S. Government may reproduce,
without charge, all or portions of the Contribution and may authorize others to do so, for official U.S. Government purposes
only, if the U.S. Government contract or grant so requires.  (U.S. Government Employees:  see note at end).

F. COPYRIGHT NOTICE
The Contributor and the company/employer agree that any and all copies of the Contribution or any part thereof
distributed or posted by them in print or electronic format as permitted herein will include the notice of copyright as
stipulated in the Journal and a full citation to the Journal as published by Wiley.

G. CONTRIBUTOR'S REPRESENTATIONS
The Contributor represents that the Contribution is the Contributor's original work. If the Contribution was prepared
jointly, the Contributor agrees to inform the co-Contributors of the terms of this Agreement and to obtain their signature to
this Agreement or their written permission to sign on their behalf.  The Contribution is submitted only to this Journal and
has not been published before, except for "preprints" as permitted above. (If excerpts from copyrighted works owned by
third parties are included, the Contributor will obtain written permission from the copyright owners for all uses as set forth
in Wiley's permissions form or in the Journal's Instructions for Contributors, and show credit to the sources in the
Contribution.) The Contributor also warrants that the Contribution contains no libelous or unlawful statements, does not
infringe on the rights or privacy of others, or contain material or instructions that might cause harm or injury.
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CHECK ONE:
___________________________________ _____________________

[____]Contributor-owned work Contributor's signature Date

___________________________________________________________
Type or print name and title

___________________________________ _____________________
Co-contributor's signature Date

___________________________________________________________
Type or print name and title

ATTACHED ADDITIONAL SIGNATURE PAGE AS NECESSARY

___________________________________ _____________________
[____]Company/Institution-owned work Company or Institution (Employer-for-Hire) Date

(made-for-hire in the
course of employment) ___________________________________ ______________________

Authorized signature of Employer Date

[____]U.S. Government work

NNoottee  ttoo   UU..SS..  GGoovveerrnnmmeenntt   EEmmppllooyyeeeess

A Contribution prepared by a U.S. federal government employee as part of the employee's official duties, or which is an official
U.S. Government publication is called a "U.S. Government work," and is in the public domain in the United States. In such case,
the employee may cross out Paragraph A.1 but must sign and return this Agreement. If the Contribution was not prepared as
part of the employee's duties or is not an official U.S. Government publication, it is not a U.S. Government work.

[____]U.K. Government work (Crown Copyright)

Note to U.K. Government Employees

The rights in a Contribution prepared by an employee of a U.K. government department, agency or other Crown body as part of
his/her official duties, or which is an official government publication, belong to the Crown.  In such case, the Publisher will
forward the relevant form to the Employee for signature.
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BIOELECTROMAGNETIC VOLUME ISSUE ARTICLE NO. NO. OF PAGES

AUTHOR(S) ARTICLE TITLE

£      My institution does pay page charges. Please supply me with 100 reprints at no charge plus _____________ additional reprints of the above article for
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No. of Pages 100 Reprints 200 Reprints 300 Reprints 400 Reprints 500 Reprints
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$ $ $ $ $

1-4 203 376 522 668 790
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29-32 665 1,230 1,725 2,188 2,590
33-36 731 1,350 1,896 2,408 2,850
37-40 797 1,474 2,073 2,628 2,995

(Shipping charges and applicable sales taxes are additional)
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PLEASE NOTE: This form is sent to only one author of each article. If your co-authors will want reprints, be sure to order them on this form together with yours.
Please complete and return this form within 48 hours of receipt. Reprints ordered after printing of an issue are more expensive.
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on the Reprint Order Form is not relevant. If you would like to order Reprints for your article, 
please complete the Reprint Order Form, but note that no free Reprints will be awarded.



Softproofing for advanced Adobe Acrobat Users - NOTES tool
NOTE: ACROBAT READER FROM THE INTERNET DOES NOT CONTAIN THE NOTES TOOL USED IN THIS PROCEDURE.

Acrobat annotation tools can be very useful for indicating changes to the PDF proof of your article.
By using Acrobat annotation tools, a full digital pathway can be maintained for your page proofs.

The NOTES annotation tool can be used with either Adobe Acrobat 4.0, 5.0 or 6.0. Other 
annotation tools are also available in Acrobat 4.0, but this instruction sheet will concentrate
on how to use the NOTES tool. Acrobat Reader, the free Internet download software from Adobe,
DOES NOT contain the NOTES tool. In order to softproof using the NOTES tool you must have
the full software suite Adobe Acrobat 4.0, 5.0 or 6.0 installed on your computer.

Steps for Softproofing using Adobe Acrobat NOTES tool:

1. Open the PDF page proof of your article using either Adobe Acrobat 4.0, 5.0 or 6.0. Proof
your article on-screen or print a copy for markup of changes.

2. Go to File/Preferences/Annotations (in Acrobat 4.0) or Document/Add a Comment (in Acrobat
6.0 and enter your name into the “default user” or “author” field. Also, set the font size at 9 or 10
point.

3. When you have decided on the corrections to your article, select the NOTES tool from the
Acrobat toolbox and click in the margin next to the text to be changed.

4. Enter your corrections into the NOTES text box window. Be sure to clearly indicate where the
correction is to be placed and what text it will effect. If necessary to avoid confusion, you can
use your TEXT SELECTION tool to copy the text to be corrected and paste it into the NOTES
text box window. At this point, you can type the corrections directly into the NOTES text
box window. DO NOT correct the text by typing directly on the PDF page.

5. Go through your entire article using the NOTES tool as described in Step 4.

6. When you have completed the corrections to your article, go to File/Export/Annotations (in
Acrobat 4.0) or Document/Add a Comment (in Acrobat 6.0). 

7. When closing your article PDF be sure NOT to save changes to original file.

8. To make changes to a NOTES file you have exported, simply re-open the original PDF
proof file, go to File/Import/Notes and import the NOTES file you saved. Make changes and re-
export NOTES file keeping the same file name.

9. When complete, attach your NOTES file to a reply e-mail message. Be sure to include your
name, the date, and the title of the journal your article will be printed in.




