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Abstract

Strongest power deposition for biological bodies is found for fields polarized along the longest dimension
for frequencies such that the major length is about one-half wavelength of radiation. Peak absorption, in the

presence of ground effects, is observed at frequencies one half as much as for bodies isolated in free space.

Power distribution under conditions of resonance is determined. At resonance, an effective absorption area of
2.5 to 3.5 times the shadow cross section is measured.

Based on our previous experimental with rats and
biological–phantom and saline-filled prolate spheroidal
bodies, strongest RF absorption was found for electro-
magnetic fields polarized with electric field along the
long dimension of the bodies. Peak absorption is
meaaured for frequencies such that the major length of

the body is approximately one-quarter wavelength of
radiation. For adult humans, highest whole body ab-

sorption is therefore anticipated for the frequency

region 40–55 MHz. The results originally obtained by

using a parallel plate waveguide as a transmission

medium of plane waves, have sinfe2been tested for

validity by several experiments > performed in an-

echoic chambers. The salient features of the experi-

mentally determined results are:

1.

2.

The ;Il ~ orientation is found to be the most

absorbing and HII ~+th~ least absorbing, with
the configuration+kll L only slightly more ab–
sorbing than the H]l ~ orientation. The
vectors~, fi, and~are along the electric

and magnetic fields and along the direction of

propagation, respectively, and ~ is along the

major length L of the body.

The frequencies of peak absorption occur in

theAreverse order. Maximum absorption for
fillL occurs at the lowest frequency withkL=
2TrL/A on theAorder+of 1.5-2.0. Peak absorp-
tion for kll L and Hll ~ orientations occurs at
successively higher frequencies with kL for
these configurations on the order of L/2b,
where 2b is the length of the prolate sphe-

roidal body along the minor axes.

Power deposition more than an order of magnitude

is observed at resonance for waves polarized along the

long dimension of the body. Alternative experiments

using free space plane waves at 1700 MHZ to heat
saline-filled prolate spheroidal bodies of fixed L/2b

ratio of 6 (corresponding to humans) but changing over-
all dimensions have confirmed the main features $f the

above results. A notable exception is that for Ell~

polarization, maximum RF absorption is found for bodies

of major length approximately3 0.4 to 0.5 1, i.e., at

approximately twice the frequency of the values ob-
served in the parallel plate waveguide situation. The

reason for this may be that while a body isolated in

free space is required to be one–half wavelength for
resonance, the same condition is met in the presence

of a ground plane (such as in the parallel plate wave–
guide) with only a h/4 body and its image in the

ground plane acting together.

To evaluate the validity of scaling, free space
heating experiments have been repeated at 710 MHz for
saline-filled prolate spheroidal bodies (L/2b = 6) of
larger overall dimensions. The temperature increase

for a five-minute exposure to 100 mW/cm2 radiation is
plotted in Fig. 1. From the amount of energy absorbed,

the relative absorption coefficient S is calculated

and is plotted in Fig. 2. Maximum absorption is ob-
served once again for bodies of major length on the
order of 0.4 to 0.5 1, and whole body deposition of
2.5 to 3.5 times as much as that called for by the

shadow area is measured.

In order to dramatize the polarization-dependent

variability of electromagnetic hazard, 250 gm5 Wistar
rats were exposed to 100 mW/cm2 fields at 710 MHz.
The core temperature of the animal was measured under

irradiation using the nonperturbing liquid crystal
fiberoptic temperature probe. 6 The digital voltmeter

reading as a function of time was recorded and is given

in Figs. 3(a), (b), and (c) for the three orientations.
The core temperature read off the calibration chart of
the probe is marked alongside the curves in Fig. 3.
For an incident power densit

i!ll t orientation was still

of 50 mW/cm2 (Fig. 3(d)),

the power deposition in the
much higher than that f~r the other two configurations

at 100 mW/cm2. For ill L configuration, the relative

absorption coefficients S of 2.995 and 2.880 are cal-

culated from the temperature rise of the animal for 100
and 50 mW/cm2 incident field intensities, respectively.

To determine the distribution of power deposition,

a 7.25” tall figurine of the female body has been used

as a mold to form a cavity in styrofoam. The size of
the figurine has been selected such as to allow
resonance at 710 MHz for free space radiation and at a

frequency about half as much in the parallel plate
radiation chamber. In order to simulate ground effects
on electromagnetic power absorption, a parallel plate
radiation chamber has been designed and fabricated.
For the chamber, the central working area consists of a
copper plate of width 25” separated by a 10” clearance

from the ground plate of 46” width. The overall trans-
mission length of 78” is occupied by two symmetrical

tapered sections of 24” axial length, the central work-

ing area of 24” length, and two 3“ end sections

connected to uG58/u input and output coaxinl connec-
tors.

From electromagnetic field theory, a body reduced

by a factor 6 in all dimensions would result in RF ab-
sorption characteristics identical to the full scale
body but at frequencies scaled up by a factor of f3. It

is necessary, however, that the complex permittivity

(El - ju/oeo) presented by the scaled down model cor-

respond to the value at the lower resonance frequency

characteristic of the whole body. Since the projected

frequency of maximum absorption for adult humans is on

the order of 40 to 55 MHZ in the presence of ground
effects, the biological-phantom material that is used
should have the dielectric properties of the humans in

that frequency range. A composition of the material
with 3.26 percent NaCl, 8.74 percent Superstuff (ob–
tained from Whamo Manufacturing Company, San Gabriel,
California), and 87.0 percent water has a measured
dielectric constant of 66 and a conductivity of 4.39
mho/meter. For use at a frequency of 350 MHz, this
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corresponds to Er = 66 – j225.6. By comparison, for

muscle, skin, and tissues with high water content, c =
r

88 - j250 at 50 IiHz. 5 Because of the relatiVe CIOSe-

ness of the two dielectric constants, the mixture of

above composition was used to fill the figurine-shaped
cavity for experiments in the parallel plate8 radiation
chamber. Temperature under irradiation was recorded

using the liquid crystal temperature probe.6 From the
increase in temperature the ahsorbed power density in

mW/gm was calculated from the relationship 4 (4200 X
temperature increase)/irradiation time in seconds.

The relative absorption coefficient u, defined as

mW/gm of absorbed power/(mW/cm2) of incident field

intensity for various parts of the bod~ has been cal-
culated and is given in Table 1. For EII ~ orientation
the strongest intensity of power deposition is observed
in the neck area of the body. For the density of power
absorption this is followed by the shins, the thighs,
the chest, the eyes, and the crotch in that order. In
Fig. 4 the thermographic record of the temperature be–

fore and after one minute of free2space irradiation

with field intensity of 100 mW/cm at 710 MHz is shown.
The pattern of power deposition bears a remarkable

resemblance to the distribution obtained in the paral–

lel plate irradiation chamber. Only minimal changes

in temperature were+ob~erved+for up to 10 minutes of

irradiation in the kll L and Hll ~ orientations both for
free space and for parallel plate radiation chamber
exposures. Experiments have also been repeated for
free space irradiation at 1700 MHz for the three
polarizations and slides of the observed heating pat-
terns will be shown at the meeting.

In summary, the RF power deposition is found to

vary significantly with orientation and with frequency.

The strongest absorption is found for waves polarized

along the long dimension of bodies at frequencies such

that the major length is approximately one-half wave-

length of radiation for bodies in free space and one-

quarter wavelength of radiation in the presence of

ground-caused image. A significant result of the

experiments with biological-phantom figurines is that

a high power deposition in the neck region is observed.
Power absor~ti~n coefficient a = 6.76 ~or the neck
region for El\ L orientation is over 16 times larger
than the average value. This may be biologically
$i~ifica~t ~nd is being investigated further. For
kll L and Hll L orientations, the rate of heating is

minimal and for the neck region is a fa$to~ of 40 to

50 times smaller than the rate for the El! L resonance

region.

Table 1. Distribution of Power de~ositiom 1. a 7-114SV

tall biolo&al-phantom human f%gurine.

Frequer,cy
MHz

230

240

270

300

320

350

380

395

395

304

m
2.895

3.381

5.097

5.367

6.761

6.153

m

0.094

m

0.130

a
shin

~a~

0.788

1.927

2.256

1.863

4.368

m

.
Eyes

0.840

1.148

i
ie”tatiom

a
crotch

0.155

0.442
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Fig. 2. Relative absorptim coefffcie”t S for different size prolate
sphemfd. (L/2b = 6 i“ each ..,. ).

a. Before exposure to radiation,
8.5” C baseline; 3“ C full scale.

b.

Fig. 4.

After irradiation i. the ill ~ mnfiRurat ton;
waves fncide”t on the front side of the body,
6“ C baseline; 10” c fuil scale.

The thernosraphic recording of the central sectio.
of a 7-114” biological phantom fifymi”e before and
after free space pk”e wave irradiation for me
minute at 100 UWlmz at 710 MHz.

GJ-.=J- . ..L”---ro&&
~-!!,.j :,0.,, . ,,

Fig. 3. Core tempera:... of 250 w rats expmed m 710 MHz radiaticn.
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