BENG 221: Mathematical Methods in Bioengineering

Lecture 18

Electrodynamics in Inert and Live Media
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Radio-Frequency EM Wave Absorption in Biological Tissue

In this problem we study the absorption of radio-frequency (RF) electro-
magnetic (EM) waves in tissue.

e Consider propagation of harmonic EM waves with radial frequency
w = 27 f through a uniform lossy medium with volume conductivity
o, dielectric constant €, and magnetic permeability pu, of the following
form:

E = EO 6jk~r—jwt
B = B0 ejk-r—jwt

with wave vector k, electric field strength Eg, and magnetic field
strength By. Find conditions on k, Ej, and B for which the waves
satisfy Maxwell’s equations in the medium. Show that for non-zero
volume conductivity o, the wave vector k must be complex-valued.
Interpret the real and imaginary parts of the wave vector in terms of
their effect on wave propagation. In the limit of high frequency, find
an expression for the the wave decay space constant ¢ defined as the
distance over which the field amplitude decays one e-fold.

e Show that biological tissue of thickness greater than & absorbs at least
86% of incident high-frequency EM radiation. Quantify what is this
high-frequency range, and what is this effective thickness of the absorb-
ing tissue layer, for typical values of volume conductivity (such as in
the brain), dielectric permittivity (dominated by water), and magnetic
permeability (non-paramagnetic) in live tissue.
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Cell Phone Radiation and Head Tissue Absorption

A typical cell phone radiates a peak power of Py = 1 W. The radiation
pattern is not uniform, and in the far-field limit has a doughnut-shaped
angular directivity profile with radiation power aerial density [WW/m?]:
sin? ¢

2

U —
(r,0) =c .

where r is the distance from the cell phone, and ¢ is the angle relative to
the cell antenna axis.

e Show that the net radiated power flux through any sphere with radius
r from the cell phone is independent of distance . Write the constant
c in terms of the net radiated power F,.

e Now consider the absorption due to tissue volume conduction as stud-
ied in the previous problem. An unsuspecting user starts a call, holding
the cell phone flat on the ear and exposing the head to a dose of RF' EM
radiation. Modeling the head as a sphere with diameter D = 15 em,
with the antenna axis tangential to the head perimeter (¢ = 7/2 at
the head center), find an estimate of the total RF power absorbed in
the head tissue. You may neglect near-field effects, as well as the effect
of diffraction by the head dielectrics on the radiation profile, to arrive
at a simple but reasonable estimate. Would you expect that this ap-
proximation leads to an underestimate or an overestimate of the total
absorbed power, and why?

e Now reestimate the total absorbed power in the case where the cell
phone is held at a right angle, with the antenna axis perpendicular
to the head perimeter (¢ = 0 at the head center). Does the angle at
which the cell phone is held make a big difference, and why?
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