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Abstract:

We used a free-space method for measurement the properties of double-layer
dielectric materials at microwave frequencies where the two layers are glass and

fiberglass and the frequency range in gigahertz is between 12 and 17.

We her will noticing the variations in measurements of transmission coefficient and
reflection coefficient when doing the measurements with using the double-layer
(glass and fiberglass) and its effect on material.
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Hy Relative Magnetic Permeability




Table of figures

Figure (1.1) Schematic of the incident, reflected and transmitted waves
Figure (2.1) Excitation of a plane-layered structure plane electromagnetic wave

Figure (3.1) Kt and Kr for double layer composite material (glass and fiberglass)



1.1 Introduction:

The electromagnetic properties of each material include dielectric permittivity
and magnetic permeability and conductivity. The dielectric properties of the materials
can be interpreted as a macroscopically and microscopically. From a macroscopic point
of view, they are the relationship between the applied electric field E (V / m2) and the
electric displacement D (C / m2) in the material. Microscopically dielectric
polarization properties are the ability of molecules in the material is of appropriate
electric field E. In the engineering practice, generally describe the macroscopic
dielectric properties of materials are used. For dielectric materials lossy or lossless,
Naib — lee identification parameter is the Permittivity Bridge or magnetic permeability.
Complex permittivity is a critical parameter in many radio frequencies and microwave
applications [3] to create a fairly accurate and fast measurements of broadband. The
magnetic permeability (u) describes the interaction of the material with a magnetic
field. The complex permeability (u * and p) consists of a real part (u '), representing
the energy storage term and imaginary part (1), representing a loss of energy term.
Some materials, such as iron (ferrite), cobalt, nickel and their alloys have a
noticeable magnetic properties, however, many materials are not magnetic, making
permeability is very close to (ur = 1) the permeability of free space. All materials on
the other hand, have dielectric properties, so that in this discussion will center mainly
on permittivity measurements. The permeability of the material describes the
interaction with the electric field E and a complex value. The dielectric constant (k) is
equivalent to the relative permittivity (er) or absolute permittivity (&) in relation to the
permeability of free space (¢°).Material is classified as a "dielectric” if it has the ability
to store energy when the external electric field, when reported and real part of the
permittivity (er ) is a measure of how much energy from the external electric field is
stored in the material. Charge carriers that can migrate -vat at a distance through the
material at a low frequency electric field. Interfacial or space time-charge polarization
occurs when the movement of migratory charges difficult. Charges may become
trapped within the boundaries of the material section. Movement may also be difficult
when the charges cannot be freely discharged or replaced on the electrodes. The
distortion field caused by the accumulation of these charges increases the overall
capacity of the material, which looks like an increase &r. Mixtures of materials with

conductive regions which are in contact with each other.



For dielectric materials, the imaginary part of permittivity (£r) is always greater than

zero, and usually much less than (er ), i.e. (Er *">0and € (r ») *&r).

K=¢g/e°=g(r)=er™jér............... (1.1)
Where:

e=¢g"N*=¢g °¢g (r)isthe absolute dielectric permittivity (and dielectric constant), €
(r) is the relative permittivity, & ° =8.85 x [10] ~ (- 12) F/ mis the free space the

dielectric constant.

1.2 Technique of free space:

In case of changing in time (i.e., a sine wave), electric fields and magnetic fields
appear together. This electromagnetic wave can propagate through space (the speed of
light, C = 3 x 10 * (8) m / s), or through the material at a lower speed. When the
geometric structure of the test -Alan mother is in sheet form, free space methods

Z, = [®2=120m .......... (1.2)
V:Jié—r ............................ (1.3)
—
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Figure 1. Schematic of the incident, reflected and transmitted waves



The reflection coefficient can be written as:

Where Ei, and Es are the amplitudes of electric fields of the incident, reflected and

transmitted waves, respectively.

1.3 Dielectric polarization:

The material may have several mechanisms or dielectric polarization effects:
1- Dipole polarization orientation

2- lon conductivity of polarization

3- Nuclear polarization

4- Electron polarization



1.4 Dipole polarization orientation:

The molecule is formed when atoms come together to share one or more of its
electrons. Such a redistribution of electrons can lead to an uneven distribution of
charge, creating a permanent dipole moment. Such moments in the absence of an
electric field oriented randomly, so polarization occurs. The electric field E will
cause the torque T at the time of an electric dipole and dipole will rotate to line
up the electric field, resulting in a polarization orientation (Figure 8). If the field
changes direction-set, torque is also changes. Friction accompanying dipole orientation,
will contribute to the dielectric losses. Dipole-ix root causes a change ¢ r& randata
frequency of relaxation that usually occurs in the microwave range. As already

mentioned, water.

1.5 Electronic and atomic polarization:

Electronic polarization appears in the neutral atoms, when an electric field
displaces the nucleus relationship to the surrounding electrons. Nuclear polarization
occurs when neighboring positive and negative ions in- _ "stretched™ by the action of
the applied electric field. Many dry solids these polarization mechanisms dominate
at microwave frequencies, although the actual resonance occurs at a much higher
frequency. In the infrared and optical regions must take into account the inertia of the

electrons arbitrary.

1.6 Polarization ionic conductivity (ionic conductivity):

The measured losses in the material can be represented as a function of the

dielectric loss (érd) and conductivity (o).

)14 ” O-
£r = Erg + = cererennnns (16)



2.1 Literature review:

We used the free space method for measuring the properties of insulating
materials of classes by micro frequencies where classes are (glass, fiberglass) and the
frequency range between (12-17) GHz We will observe differences in the
measurements of transfer coefficient and the reflection coefficient when doing
measurements with the use of a double layer (glass and glass fiber) and its impact on

materials.



3.1 Introduction:

The design tasks necessary to model processes excitation fields of different
nature, and their distribution in the different media, diffraction or penetration of various
objects .A task greatly simplified if the spatial dependence of the field It corresponds
to the geometric shape of object or obstacle. The efforts of many generations of
scientists developed coordinate method Differential equations describing the field
and their solutions have been investigated in a variety of orthogonal coordinate
systems by separation of variables. Each coordinate system is well built study the
function of the system. If the object's borders coincide with Coordinate surface, the
field inside and outside the object may be it represented as an expansion in these
systems. This chapter covers the case of a plane-layered structures .It is the simplest
example of this approach. Nevertheless <research fields in such structures is an
extensive literature. A fairly complete and overview is given in [1, 2]. In this tutorial
we will show that the matrix multilayer structure description of the model traditionally
used in literature, it is not unique and can be replaced by the recurrent form of the
model, by means of which can be explored by all parameters of multilayer structure .
The geometry of plane-layered structure correspond to fields in the form plane waves
which spread through the structure can be described by analytically. The
electromagnetic field of monochromatic plane wave with linearly polarized in a

homogeneous medium is the simplest solution Maxwell's equations, and is

characterized by complex vectors E(I‘), I:I(I‘) .

Complex field amplitudes E(r) and H(r) are related

W =,/lL/ € - Wave resistance of the medium;



u, € - electromagnetic constants which can be generally complex.

In what follows we consider the complex dielectric constant

Where o - medium conductivity.

Let fl , fz - two arbitrary points. Then the vectors of a plane wave fields at these points
are related as follows:
=\ —ik(fy-F),
E(f,)=E(F e 02,

(i: ): (r )e—lk(ro 1'2 rl)

Where K = ®+/€L - the wave number of the medium, which is a complex value,

the imaginary part of which is characterized by the wave attenuation in the
environment . Removing the root of the complex quantity, included in the

Expressions for w and k, can be carried out using the formula:

fae J(E"? +(<25/m)2 el J(E")? +(;$/c0)2 —g'

The complex amplitude H (T) shifted in phase relative E(T) due to the complex

nature of the wave resistance.



3.2 Distribution of a plane wave through a layered structure:

Consider a plane-layered structure, which obliquely falls flat linearly-polarized

wave of half-an options €o, 1o, with the direction of propagation fOt
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Figure (2.1) Excitation of a plane-layered structure plane electromagnetic wave.
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When passing through the interface between adjacent layers tangents constitute the

entire field must be continuous:

n 14 114 - 114 4 144 .
¢;Ei +eiEi =Ci Bl TCinEi s

" " " _ "
itr _Eisr _ Ei+l,tf Ei+1,s€

Wi Wi



The second line expresses the condition of continuity of the tangent component of the
magnetic field. Similarly, for the component perpendicular to the plane of incidence,
we have:

1 1 1
Eltr+E1sr E1+1t£+E1+1s£’
1 1 _ B T = 3.6
—¢;Eqp +ciBig.  — B +Cl+1E1+1s£ (3.6)
Wi Wig

It can be seen that after each polarization determined independently.
In particular, for the first inequality we obtain:

—ik.

" k " _.k' ’ ! X
C1E1tr(0)e 1 ISIX-l'clElsr(o)e 1 IS]X:C 1+1t£(0)e Kin 1+1X+C lEl+lsE(0)e i i (3'7)

This equation must be satisfied identically for all x. It is therefore necessary to
S, = Si Each layer in the angle of incidence equals the angle reflection o/ , KiSj=

k(i+1)s(i+1)( generalized Snell's law of refraction).

EH _l Ci+1 + Wi Er + - 1 Ci+1 _ Wi "
itr 1+Lt/l 1+1, sﬁ’
20 ¢ Wiy 20 ¢ Wiy
........... (3.8)
E" _l Ci+1 _ Wi E" 4+ 1 Citl + Wi "
isr 1+1tl 1+1sl”
20 ¢ wiy 20 ¢ Wiy



Similarly, for the field components polarized perpendicularly the plane of incidence:

1 C. {W: 1 C. {W:
Ef =1+t gl o gl
2 CiWi i+t 2 C.W. g i+1,s0
............ (3.9)
1 C. W, 1 Ci W,
Ed =—|1--LL gL e EL
2 CiW. i+Lte 2 CiW. g i+1,s0

Further calculations will be the same for the fields of both polarizations.

Therefore, both systems can be conveniently represented in summary form without
kinds of polarization:

itr =OE i 14 PE{ 14

Eiw =BEi 1 +9E o>

10



Where

A=12 (3.11)
1+ C|+1Wij
Ci Wi+1
Lo W
2 Ci Wi+l
B=1 (3.12)
1 1- Ci+1W|
2 CiWi+1

The ratio of the complex amplitudes Eis/Eirr we will be called field reflectivity i-m

Elephant and denote R;j;. As themselves complex amplitudes, it is a function of z.

meaning Ri left near and the right boundary layer will be denoted by Rii, Rir. Then
follows that

_ R e-izkieid,
R, =R, e ™8i%% .. (3.13)

Using the newly entered value for the relationship of the complex amplitudes of the

incident and reflected fields, we obtain the following relationship:

Riiat Ry
R, = # ............... (3.14)

ii+1" N4,/

We call the private transmission coefficient T; the ratio of the incident field amplitude

in (i+1)-m layer Eiv1,¢ £ to the amplitude of the incident field in the I-M layer Ei:

11



Ti = Bist, ¢ £ | Eirevvvvnee. (3.15)

Given this notation, we have:

I-R;; Ry =a(1-R{, T;....... (3.16)

Substituting Rir making elementary transformations, we obtain the formula for the

calculation of the partial transmission coefficients:

T
T, =
1+R

i,i+1

........... 3.17
Ri+1,€ ( )

i,i+1

Where Ti, i+1 = 1/a - known Fresnel transmission coefficient on the border ip-ro, i+1-

layers.Ti (i =0, N)

Form the product:

m

e Ezw L. it

E, B oo (3.18)

1
I
m

otr

The regrouping of the factors in the numerator of the right-hand side, we have:

! i+1, ! E i ! ikjc;d;
HTJZ EWHEJ.M :T()lj:!e" Yo (3.19)

otr j-1 “=jtr

12



From which we obtain:

Obviously, the transmission coefficient of the entire plane-layered structure
There is T M

N
—iijcde N
TN) =¢ = HTj ............ (3.21)

3.3 Distribution of a local source field through the layered structure:

As can be seen, spread payment of a plane wave through a layered the
structure is relatively simple. However, the results of this analysis are relatively small
value because not include any geometric screen size or the directional properties
of the transmitted radiation . Therefore, the spread of the analysis in plane-layered
structure of a local source field can be considered as the next step, which allows to
evaluate the effects of shielding the real sources. For simplicity, we restrict ourselves
to the case when the source of the field dimensions are much smaller than the
wavelength. Then, at some distance from the source field with sufficient accuracy is
approximated by a dipole field. Note that the field is an arbitrary distribution of sources
can be submitted with the required accuracy the set of fields of electric and magnetic
dipoles. As already noted, for the solution of the coordinate method must be present
exciting dipole field as a set of fields with spatial dependence, corresponding to the
geometry of the plane-layered structure, i.e. as a superposition of plane waves. Then it

becomes possible to use directly obtained in the previous section, the calculated ratio.

13



Model excitation two-layer structure of a plane wave using Mathcad program:

Speed of light C:=2997924¢
Magnetic permeability of free-space wo =410 L
The permittivity of free-space 0 T o0 —8.854¢ 10 12
po-c
Frequenc —1210° _ _ ( 9) _
q y f :=1210 AME) = - Mf) =0.025 M1210°) =0.025

The imaginary unit i=i

Excitation layered medium:

The number of layers, permeability, conductivity, impedance,

the thickness of the layers, Fresnel coefficients

€0 0
) 4-£0 10 9
el = 3 c = c. = 1.:I_O_g 6, =610 1t m:=0,1.2
€0 6x 10 1° . ’
€0 0

14



gic(f) :=¢ - (Z-L-fjlo

ke(f) :=2-n-f \/E

w(f) :=no-

0
Layer thickness di:=| 0.002
0.00

8.854x 10 2

3.542x 10 11

gic(f) =
2.656x 10 ~t

12

8.854x 10

251.501

. -8
Ke(f) = 503.003-9.418k 10
435.613
251.501

376.73

., -8
w(f) = 188.365+ 3.527ix 10
217.505
376.73

0
the left border of layers zi:=| 0.002
0.01

15



Fresnel reflection coefficients Fresnel transmission coefficients

w(f)
10
w(f),
1+ "o _ 2(f) |
W
w(f), L. (f)o
W
w(f)1 1
1-—— 2
w(f) - -
2
RF(f) = | | ————— TH(F) := w(f),
w(f), 14
1+ ——= w(f),
w(f), ,
i —
1- w 14+ W(f)z
WPy w(f),
w(f) i i
1+ _ 2
w(f),
. —11 . —11
0.667+ 8.322i 10 0.333+ 8.322K 10
THH) = 1.072 RI(T) =1 0.072- 9.314k 10 1
1.268 0.263

The reflection coefficients near the left boundary of the layers parallel to the

polarization

RIAf) = Rf(f) e 2rke(f)z di RIZf) =0.207—0.17i

RE(F), + RIZF) ) o oo o
RI](f)::( ! }-e 2rka(f)y di RIYf) = —0.267— 0.18i

1+ Rf(f), RIAf)

16



Full reflection coefficient of a two-layer structure

Rf(f), + RINE) \ .. »
RICH) ::( 0 }e 2ika(f)q-dig
1+ Rf(f) RILT)

RIQf) =-0.558— 0.135i

The coefficients of the transfer of two-layer structure:

THE) THE) (THE) o LDz

Tan = (1 + Rf(f)O-RI](f))~(1 + Rf(f)l-RIZ(f)) TAF) =-0.145+ 0.806i
kN = 101og( | T3(1216° + £10°)] kot = 101og(|[rid1210° + £10%)|)
t:=0,0.05.F

17



12 14
F (GHz)

Figure (3.1) Kt and Kr for double layer composite material (glass and fiberglass)

(double layer)
Frequency
(GHz)
Kt(DB) Kr(DB)
12 -0.9 -2.4
13 -0.7 -2.4
14 -0.6 -2.6
15 -0.3 -3.6
16 -0.1 -6.6
17 0 -8.1

Kt and Kr for double layer composite material (glass and fiberglass)

18



5.1 CONCLUSION:

The results of the study can be summarized as follows:

1. Based on the analysis of the literature concluded the promising for measuring the
electrical properties of dielectric materials in free space and what it can help us for

future.

2. Views of polarization of dielectric materials and types of losses in the material
which can be studied by the free space.

3. Implement a two-layer model of the dielectric material by-- using MATHCAD.

4. Because there was no suitable devices in laboratory as signal generator and spectrum
analyzer in our frequency range (12 GHz — 17 GHz) was impossible doing the
measurements therefore we implemented the measurement by using MATHCAD

program.

19
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