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Abstract

The study of the ability of electromagnetic waves to penetrate living
human tissues has become an important topic that attracted the attention of
many researchers, scientists and environmental protection activists.
Telecommunication devices manufacturers and internet companies are also
studying the damage inflicted to humans due to exposure to electromagnetic
waves. The companies are striving to reduce the damage by controlling
transmitter power and ensuring compliance with the safe distances
recommended by ICNIRP (International Commission on Non-Ionizing
Radiation Protection). These studies have also captured the attention of
medical devices manufacturers who are interested in exploiting the ability
of the waves to penetrate the tissues to diagnose diseases as well as curing

them.

In this thesis, the electrical and thermal properties of human tissue
are studied using CST simulation program. The thesis is divided into two
main sections. In the first one, a plane wave was applied on a set of tissues
(Phantom Model). The electromagnetic field strength is estimated via
analytical theories. Additionally, the total electric field penetrating a group
of tissues was estimated using numerical methods in CST simulation
program. The results of analytical and numerical methods showed a
reasonable convergence. The results also showed the effect of the outer
layers of the skin tissue and fat tissue and their effectiveness in protection
of internal tissues and muscle tissue. Effect of the thickness of the skin on
the ability of the muscle tissue to absorb energy was shown in results too. In
this regard, it was noted that the difference in SAR value within the muscle
tissue in presence and absence of a 4mm thickness skin tissue is about

10.45dB.



In the second section, sources of energy with different frequencies
were simulated and the emitting radiation from those sources was applied
on a fabric designed by the CST. The fabric was simulating a part of the
real human body. The intensity of the electric field penetrating human part
was estimated, as well as the SAR and the heat generated inside it. Several
results were produced when the transmitted power and distances between
the antenna and the part of the human body were changed. The tests were

reproduced under various conditions surrounding of tissue.

The results showed high temperature in human tissue in case the
antenna at was mounted at a close distance to the human body because of
the high rate of absorption rate. The results also showed the effect of
increasing the radiated power to the tissues in terms of rate of absorption
and heat generated. Some types of tissues are more prone to heating than
other tissues such as lung and human eye due to high absorption rate in
those tissues because the water content is high and rate of blood flow is low

especially the human eye.
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