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Abstract: In this paper we analyzed the behavior of the Electromagnetic waves on some of the human tissues. As
Electromagnetic waves propagate from one homogeneous medium to another, they experience a change of the wave
impedance in the interface. The impedance mismatch generally leads to the reflection, absorption, and transmission of
Electromagnetic waves. In the case of non homogeneous media like a human body, it is complex to analyze the
behavior of Electromagnetic waves. The reflection and transmission coefficients vary from tissue to tissue and they are
dependent on permittivity, conductivity, conductivity and frequency. Moreover, these fundamental parameters are also
dependent on frequency. The frequency dependent reflection and transmission coefficients of some human tissues,
especially bone tissues are computed at frequency range 0 to 10 GHZ using MATLAB.
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I INTRODUCTION

Bones are the rigid organs that constitute part of the 3. As there are no losses within a perfect conductor, no
endo skeleton of vertebrates. It is the basic unit of the

human skeletal system and provides the framework for
and bears the weight of the body, protects the vital organs,
supports mechanical movement, hosts hematopoietic cells,
and maintains iron homeostasis [1]. It is composed of
abundant calcium and phosphorus, as well as smaller
amounts of bicarbonate, citrate, magnesium, potassium
and sodium.Bone tissue can be classified into cortical
bone(compact bone):cortical bone consists mainly of
haversian systems or secondary osteons.cortical bone
forms a relatively thick and dense outer wall and makes up
about 80% of total skeletal mass and cancellous bone
(sponge bone) it is located within the medullary cavity [2].
Bone marrow is the flexible tissue in the interior of bones.
In humans, red blood cells are produced by cores of bone
marrow in the heads of long bones in a process known as
hematopoiesis. On average, bone marrow constitutes 4%
of the total body mass of humans, in an adult weighing 65
kilograms, bone marrow typically 2.6 Kkilograms.It
produces approximately 500 billion body cells per day [3].

When an Electromagnetic wave is incident on human
tissues some of the energy is transmitted and some is
reflected back, because of impedance mismatches. So it is
necessary to study the reflection and transmission
coefficients of biological tissues. In this unit expressions
for and reflection and transmission coefficients are derived
from conducting and dielectric media for different
incidence cases [4]

Reflection Waves
incidence:

1. When a wave in air is incident on perfect conductor
normally, it is entirely reflected.

2. As neither E nor H can exist in a perfect conductor,
none of the energy is transmitted through it.

on a perfect conductor-normal
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energy is absorbed in it.

4. When an EM wave travelling in one medium is incident
upon a second medium, it is partially reflected and
partially transmitted.

Total fields of a wave at any point after with normal
incidence on a perfect conductor [6]

Resultant electric field,

Er(z,t) = 2E; sinf zsinot

M)

E; is the amplitude of the electric field of the incident
wave, z is the direction of propagation.
Resultant magnetic field,

Hi (z,t) = 2H,cospzcosot

@

H; is the amplitude of the magnetic field of the incident
wave.

Let the electric field of the incident wave be Ei,cigent =
2n

Eie_jBZ’B = T
Then the electric field of the reflected wave is

Ereﬂected = ErejBZ
E; =Incident field, E,=Reflected field.

Resultant magnetic field, Hg
Let us write as Hy as

Hg(z) = H;eP* + H,eP* ©))
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A. Waves on Dielectric-Normal incidence

When an EM wave is incident normally on the surface of a
dielectric, reflection and transmission takes place.

For a perfect dielectric, c=0. Hence, there is no loss or no
absorption of energy in it.

The Reflection coefficient is defined as the ratio of
reflected wave and incident wave.
That is, the reflection coefficient =ehected wave,
incident wave

Reflection coefficient for electric field
Er

E = fE = E_1 (4)
Reflection coefficient for magnetic field
~o=Hr
H=Ty = m (5)
Where E.=Reflected electric field
E;=Incident electric field
H,=reflected magnetic field
H;=incident magnetic field
Transmission coefficient is defined as the ratio of
transmitted wave and incident wave.
Transmission coefficients Tinited wave
incident wave
Transmission coefficient for E, Ty = %
And Transmission coefficient for H is, Ty = %
B. Expressions for reflection and transmission
coefficients are [7]:
E- _n2-m
[[=—=— 6
E7E 7 ngtm ©)
- H _m
Iy=—=—-+= 7
H= 5 = g, ()
E¢ 2n,
Tp=—=—2 8
BT T (8)
FoHe 2m
T =4 = o, 9)

Where n; and n, are intrinsic impedances of medium 1 and
medium 2 respectively.

C. OBLIQUE INCIDENCE OF A PLANE WAVE
ON DIELECTRIC

Fig. 2: Incident, Reflected and Transmitted rays

When a wave is incident on a dielectric, a part of it is

reflected and a part of it is transmitted through the

dielectric. If 6,6, and 0, are the angles of the incident

reflected and transmitted rays, 6; = 6,. the angles 6,and6,

are related by Snell’s law, that is,
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sinb _ &2 (10)

sin O¢ €r1

v
x

/

Boundary surface

Fig. 1: Incident, Reflected and Transmitted rays

From the above the reflection coefficient is

€r2 r2qin2
—L4cos 0;— [Z“=sin“0;)
E. €r1 ! €r1 !
= 11
- (11)

€ .
2005 0,4 [L2sin26;)
€r1 €r1

D. PERPENDICULAR POLARISATION

Consider Fig. 5.4 in which E is z-directed and x-y is the
plane of incidence.

o

Incident wave Reflected wave

Medium1l
X >
/ Medium2

Boundary surface

Transmitted

Fig. 2: Incident, Reflected and Transmitted rays
From the boundary conditions and further simplification

we get
— [ &r2y—gin 2.
By _ cos 0; (El‘:l) sin 26;) (12)
Ej cos 0;+ (Zr—i —sin20;)
T

1. ELECTROMAGNETIC WAVES WITH
BIOLOGICAL TISSUES

When a beam of EM waves strikes the surface of a tissue,
the EM energy interacts with the atoms and molecules of
' the tissue. The EM energy may be transmitted, absorbed,

scattered or reflected, or it can excite fluorescence
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depending upon the properties of the substance. The
interaction, however, does not involve in a permanent
transfer of energy.

The velocity at which EM energy is propagated through a
medium is less than its velocity in a vacuum. It depends
upon the kind and concentration of atoms, ions or
molecules present in the medium. Figure 5.5 shows
various possibilities which might result when a beam of
radiation strikes the substance. These are:

(@).The EM energy may be transmitted with little
absorption taking place, and therefore, without much
energy loss.

(b).The direction of propagation of the beam may be
altered by reflection, refraction, diffraction or scattering.

(c).The EM energy may be absorbed in part or completely
by the tissue.

In absorption spectrophotometry, we are usually
concerned with absorption and transmission. Generally,
the conditions under which the sample is examined are
such that they keep reflection and scattering to a
minimum.

Absorption spectrophotometry is based on the principles
that the amount of absorption that occurs is dependent on
the number of molecules present in the number of
molecules present in the absorbing material. Therefore, the
intensity of the EM energy leaving the tissue may be used
as an indication of the concentration of the material [5].

Abszorbed
Incidsnt rzdistion radiztion Teramzmittad radiation
s
e
- A;,-
Y,
R ""‘t&.
E))‘_;c.
e
(4 ,{fﬂ'
Fig. 3: Interaction of EM energy with tissue.
The reflection and transmission of ultrawideband

electromagnetic pulses through multi-layered biological
media consisting of three biological tissue layers
representing skin, fat and muscle was analyzed by
C.L.Palombini and K.E.Oughstuny.The frequency
dependent reflection and transmission coefficients of the
multilayer stack were computed using the transfer matrix
method. Here in this paper, we analyze the reflection and
transmission coefficients of Electromagnetic waves
through the bone tissues using MATLAB.
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1. RESULTS

-0.96

-0.965

097
-0.975

-0.98 /
-0.985 /

Reflection coefficient

10 i3 0y i i 10°

Frequency in(HZ)
Fig.4: Reflection coefficient of Bone cancels/Blood vs. Frequency
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Fig.5: Transmission coefficient of Bone cancellous/Blood vs. Frequency
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Fig.6: Reflection coefficient of Bone cortical/Blood vs. Frequency
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Fig.7: Transmission coefficient of Bone cortical/Blood vs. Frequency
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Fig.8: Reflection coefficient of Bone marrow /Blood vs. Frequency
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Fig.9: Transmission coefficient of Bone marrow /Blood vs. Frequency

V. CONCLUSION

In this paper, we have analyzed the reflection and
transmission coefficients for different parts of bone with
the interface of blood. The different parts of the bone those
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we have considered are bone cancellous, bone corticle and
bone marrow. It is evident from the results the
transmission and reflection coefficient for bone and blood
interface exhibits overshoot that approximate about 1GHz.
From the results it is observed that the Reflection
coefficient of all bone adjacent with blood tissues value is
-1’ at very low frequencies. The transmission coefficient
value is ‘0’ from very low frequencies to 10 KHz
frequency. The highest reflection and transmission
coefficients observed from 1GHz to 5GHz microwave
frequency range. Further, the reflection and transmission
coefficients decreased at 10GHz frequency for all bone
tissues interfacing with blood.
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