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ABSTRACT

A computer-based scanning system and

implantable electric field probes were used to

obtain maps of the specific absorption rate (SAR)

in various cross-sections of a full-scale model of

the human body. The model was exposed to a plane-

wave at 350 MHz at E and k polarizations with
respect to the body. Enhanced absorption in the

neck and the limbs, as previously found by the
thermographic method, was observed. Significant

differences between the SAR distribution and the
SAR values calculated using the block model and
those found in this work were observed.

Introduction

The average specific absorption rate (SAR)

has been used in quantifying interactions of

electromagnetic fields with biological systems at

radio and microwave frequencies. The importance

of the distribution of the SAR within the exposed
system is well recognized as an essential factor

in quantifying resulting biological responses. In

recent years numerous theoretical methods have

been developed for dosimetry, as reviewed

elsewhere (l). The analysis of the so called

block model of man appears to be most promising in
providing the SAR distribution (2-5). In view of

importance of the SAR distribution as well as the

values of the local SAR, it is essential that the
theoretical data is quantitatively verified

experimentally. There are two viable techniques

for measuring SAR distributions. A thermographic

method has been developed and successfully applied

to scaled down models (6,7). The main limitations
of this technique are: a 1 imi ted spatial

resolution due to the size of the models and a
difficulty in incorporating the anatomical

structure into such models.
An implantable electric field probe offers an

alternative for measuring the SAR distribution.
This technique has several advantages. In

addition to being particularly suitable for

measurements in full-scale models, the

measurements are not dependent on the thermal

properties of the model material. Not only the

SAR, but also the direction of the electric field
can be determined. Ffeasurements can be performed

using very low exposure fields, which do not cause

any increase in the model temperature.

Furthermore, the data can be conveniently obtained

for a very large number of locations when an

automatic probe-positioning system is used.
In this paper we present the results of the

SAR distribution measurements in a full-scale

model of man exposed to a plane-wave at 350 MHz.

The data was obtained using a calibrated

implantable electric field probe and a computer-

controlled scanning system. The exposure

frequency of 350 MHz was selected because of the

reported head resonance at this frequency (5) and

the availability of the SAR data for the block

model of man (8).

Experimental Arrangement

The experimental system, except for the

computer, the generator and the monitoring

equipment, was placed in an anechoic chamber. An

exposure field was produced by a resonant dipole

above the ground plane. The dipole was located

below the model for the E polarization (i.e. the

electric field vector parallel to the long axis of

the body), or at the side of the model for the k

polarization (i.e. the wave propagation from head

to toe, the propagation vector parallel to the

long axis of the body).

The scanning system composed of a mechanical

structure for supporting and positioning of the

probe and a computer-based system for control of

the experiment, data acquisition, storage, display
and recording are described elsewhere (9).

The full-scale styrofoam mold had the

dimensions of a standard man. This mold was

filled with a mixture of water, sugar and salt in

such proportions that it had the following

electrical properties: c’ = 38 and o = 0.95

S/m. These properties correspond to the tissue

“average” properties at 350 MHz (4,5).

Implantable triaxial electric field probes,

model EIT 979 and Holaday IME-01 were used to

measure the electric field intensity. These

probes were previously fully characterized in

terms of the sensitivity in the tissue phantom
material, noise and modulation characteristics

(lo).

Results and Discussion

The specific absorption rates (SARS) in

several locations within the body in three cross-

sections separated by 5 cm are shown in Figure 1

0149 -645 X/84/OOOO-O187 $01.00 !3 1984 lEEE

142

1984 IEEE MTT-S DIGEST



(a) and (b) for the E and k polarizations,

respectively. Each data point ia an average of at

least five separate measurements. In all experi-

ments the SARS were normalized to 1 mW/cm2 of an

incident power density at the plane corresponding

to the body surface or the point closest to the

radiation source.

Our data can be compared with the experi-
mental results obtained by the thermographic

technique (7). For the E polarization maxima of

the SAR were found by us in the neck and the thigh

regions, quite similar to the thermographic data

at 450 MHz (7). Even quantitatively, the agree-

ment is close in view of the frequency difference,

e.g., in the neck we found SAR = 86 mW/kg, vs SAR

= 120 mW/kg reported at 450 MHz.

Our experimental data were also compared with

the theoretical values obtained for the block

model of man (4,5,8). Significant differences

between calculated values of the SAR and our

results were observed. The comparison is

confunded by the differences in the ahape of the

models and locations of the comparison sitea

(while our method provided the SAR val es within a
Y

relatively small volume of about 1 cm , the ce la
i

in the block model are much larger, > 10 cm ).
However, the obaerved differences are of an order

of magnitude or more, and are likely to be due to
other factors. Particularly large differences

occur in the SAR distribution both in the head and

the torso for the k polarization. Our experi-

mental data show a nearly exponential decay of the

SAR with distance from the surface (see Figure

l(b), with extremely low SAR in the legs, while

the theoretical calculation ahow appreciable SAR

values in the legs (8).
A rapid decrease of the SAR valuea within the

torso as a function of the distance away from the

radiation source for the E polarization is

illustrated in Figure 2. The deposition of the

energy at the body surface within the torso was

also observed thermographically at 450 MHZ (7).

For the k polarization the SAR distribution is

qualitatively very similar to that of an

ellipsoidal cylinder which ia not surprising in

view of the similarities in shape.

The SAR distributions in the head are shown

in Figure 3. Corresponding SAR distributions in a

16-cm diameter sphere filled with the same phantom

material are also ahown for comparison. It can be

noted that the ahape of the curves is very

similar, however, the quantitative results are

slightly different. The SAR distribution in the

head appears to be different than that for the

block model of man (8) as no significant

resonances were found at 350 IWz.

Conclusions

Meaaurementa of the specific absorption rate

(SAR) distribution in a full-scale model of man
filled with a phantom material having average

tiaaue pennittivity have been performed at 350 MRz
for a far-field exposure and two polarizations.

The use of a computer-controlled mechanical

scanning system and implantable isotropic probes
provided good spatial resolution, excellent re-
producibility of resulta of + 0.5dB, and a good

absolute uncertainty of + 1 dB. The measurements

are fully automated and after proper calibrations

and preparation, a large number of data points can

be conveniently obtained without operator’s

assistance.

At 350 MHz a generally non-resonant behaviour

of the human body, with maximum energy absorption

at the surface on which the radiation is j.ncident,
was confirmed. This conclusion does not however

apply to the head, neck and the limbs, where more

complex distributions of the SAR were observed.

Our experimental data is in a relatively good

agreement with the reported experimental results

at 450 MHz obtained by the thermographic

technique, (7), however, only a few featurea of
the distribution could be compared.

The results of our experiments differ

significantly from the valuea of the local SAR

calculated for the block model of man (4,5,8).

Particularly large differences occur in the head

and torso for the k polarization. The distri-

butions of the SAR in the head were found similar

to that for a lossy sphere without any significant

resonances at 350 MUz.

Our experimental reaulta provide quantitative

proof of serious limitations of the theoretical

analysia of simplified models of man in terms of
the distribution of energy. Our results also

clerarly indicate the significance of obtaining
the SAR distribution in a reliable manner under

realistic conditions.
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Figure 1. The specific absorption rate (sin) in..——,

rnW/kg” for a plane-~ave irradiation at

350 MS. and at a power density 1 rnW/cro2;

on the surface of the model.

(a) the electric field vector parallel to the body

long axis, E II L, the propagation vector, k,
from back to front.
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(b) the propagation vector parallel to the long

axis of the body K 11 L, the electric ffeld

vector shoulder-to-shoulder, propagation head
to toe.
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Figure 2. The specific absorption rate (S6S)
distribution in the upper torso, for a plane-wave

irradiation at a I@ueney of 350 mf. and a power
density of 1 @cm .

(a) cheet area - 48 cm from the top of the
head. E II L,kfrom back to front, scannimg
along the k.

(b) chest area - 38.5 cm from the top of the
head.

shedder: II “
the electric field should-to-

prop=agation from head to toe, scanol”g
perpendicular to k and E.
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