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Model
Desired model is made using Comsol 4.4.

It consists of RF model and Heat transfer model.

RF module solves for Electromagnetic field
distribution and SAR in Human body.

Heat Transfer Model solves for temperature increase
because of electromagnetic energy absorption. Both
model is coupled together through Comsol
Multiphysics.
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Assumptions made for RF mc;jel

Electromagnetic wave propagation is modeled in two
dimensions.

The human body in which electromagnetic waves
interact proceeds in free space.

The free space is truncated by a scattering boundary
condition.

The model assumes that dielectric properties of each
tissue are uniform and constant.



Equation used for RF module

The electromagnetic wave propagation in a human body is
calculated using Maxwell’s equations. The general form of
Maxwell’s equations is simplified to get electromagnetic

field penetrated in human body as the following equation:

1
Ax —AXE — ky’e, E=0
Hy

where E is electric field intensity (V/m),u, is relative

magnetic permeability, €,relative dielectric constant, and ko
is the free space wave number (m™1).
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quation used for RF module

The Maxwell’s equation demonstrates the electromagnetic field of
microwaves penetrated in the human body

1 2 . O i
AX(;AXE) _kO (87-—](‘)—80)E—0
g, = n? Where n is refractive index

The perfect-electric-conductor boundary condition along the patches
nxE=0

Continuous boundary conditions along the interfaces of two different
mediums, n X (E; —E,) =0

The outer sides of free space are considered as scattering boundary
conditions to define absorbing boundaries

nX (AXE)-jknk x (EXn) =—n X (EO X jk X (n — k))exp(—jk. r)
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ssumptions made for Heat transfer

model

Human tissue is biomaterial with uniform and constant
thermal properties.
There is no energy exchange throughout the human body
model.
There is no chemical reaction within the tissue.
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Equation used for Heat Transfer

The temperature distribution within the human head is obtained by
solving Pennes’ bio heat equation. The bio heat equation describes

effectively how heat transfer occurs within the human body, and the

equation is: 5COT
— V.(kVT) + ppCp wp(Ty = T) + Qmet + Qext

Where p = tissue density (kg/m3)

C =heat capacity of tissue (J/kg K)

k = thermal conductivity of tissue (W/m K)
T=tissue temperature (C)

T}, = temperature of blood (C)

pp =density of blood (kg/m?),

Cp = heat capacity of blood(3960 J/kg K)
w, =blood perfusion rate (1/s)
Qner=metabolism heat source (W/m3)
Q..+ = external heat source(W/m?).
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Equation used for heat transfer

The boundaries of the human body are considered as
an insulated n.(kVT) =0

The internal boundaries of human body are assumed
as continuous boundaries n.(k,VT; — k,VT,) =0

For this analysis, the temperature distribution within the
human body is assumed to be uniform. Initial
temperature of the human body is defined as T(t,) = 37
°C .The thermoregulation mechanisms and the
metabolic heat generation of each tissue is neglected

Qmet= 0.
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ectric data of Biological Tissue

Electrical data

epsilonr_substrate 5.23
epsilonro_brain 49.7
sigmao_brain 0.59[S/m]
rho_brain 1.04e3[kg/m"3]
c_blood(Heat capacity of blood) 3639[J/(kg*K)]
dens_liver 1050
rho_blood 1000[kg/m”3]
eps_skin 46.7
eps_heart 66

dens_skin 1010

eps_liver 51.2
eps_kidney 66.4
cond_skin 0.69
cond_heart 0.97
cond_liver 0.65
cond_kidney 1.10
dens_heart 1050[kg/m”3]
dens_kidney 1050[kg/m”3]
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Skin depth
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SAR

Human tissues are lossy mediums with finite electric conductivity for
EM waves. They are neither good dielectric materials nor good
conductors, hence when EM waves propagate through the human
tissues is absorbed by the human tissues. It is represented by Specific
absorption rate.
olE(m)|?

2p

The specific absorption rate is given by equation SAR=

Where E(r) is the electric field intensity at a distance 1, ¢ is the
conductivity of human brain tissue, p is the density.
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="Steps of Work done in COMSOL

Geometry

Partitioning of Geometry

Material Assignment to different domains
Added physics.

Addition of RF and Heat transfer module

Addition of all equations and Boundary condition of
these models.

Meshing
Computation
Analysis of Result.
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Electric Field in human body
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SAR in human heart
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SAR in Human Brain
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Conclusion

The biological effects of EM radiation are studied by
observing the variations in temperature and SAR on
human body due to cell phone radiations.

The study gives solid evidences of the adverse effects the
radiations causes in a human body . These results can be
taken as a reference for better design of EM emitting
devices and also for treatment of illness related to these
radiations.
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