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Wave propagation in layered medium

Let half of the parameters o, o in layered structure on the plane (Figure 2) a plane wave

with a harmonic of the field dependence of the time ¢'®* and direction TOt . Cartesian coordinate

system was introduced so that the plane, which is the vector_l"o»[ and normal 20 to the border of
the structure, called the fall of the plane, is aligned with the plane xoz. Parameters of the i-th layer
and its thickness is denoted by &i, pi, di respectively. Options before half-structure and accordingly

it is denoted by €o, po and en+1, pn+1.
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Fig. Diagram waves excited by a plane wave in a layered medium

The relationship between the values of the reflection coefficient in the i-th layer near the



left and right borders:
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Transmittance of the layered structure:
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The regrouping of the factors in the right-hand side, we get:
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And so you can get to the frequency of the transmission coefficient:
T .
Ti i+l (11.3)
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We obtain the final formula for the transmission coefficient i layers:
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In the analysis of probing systems ratio (11.4) allows to quantify the degree of penetration of the incident
field into a layered structure and the feasibility of each specific sensing schemes.

Included here are the Fresnel coefficients of performance:
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Results
data:

Speed of lightg := 299792458

The magnetic permeability of free space

po = 4710 !

The permittivity of vacuum o o L o0 — 8851 10”12



9
Frequency f = 12.109 A(F) = % A(f) =0.025 K(12-10 ) =0.025

Glass thickness =2 mm fiberglass thickness = 8 mm
Er =3 € =4
1. Model excitation two-layer structure of aplane wave with Mathcad
program

kN = 10ogl| 31216 + t10%)|)

kot = 1010g( |RI0(1210° + £16°)])

frequency(GHz) (double layers)
Kn(Kt) in DB Ko(kr) in 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

Table 1. Coefficient transmission
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2. experimental measurements

(cTekno) (cTeknonnacTuk) [BYX CNOeB MpocTpaHcTBO
Yacrara(rrs) Kn(z6) Kn(z6) Kn(z6) Kn(z6)
13 -0.8 -0.8 -0.25 0
14 -1.2 -1 -0.65 -0.25
15 -1.6 -1.5 -1.5 -0.5
16 -3 -3 -3.6 -1.7

Table 2. The transmission coefficient

1. Figure (2) for the glass and fiberglass



3- Using CST

S-Pararmeter [Magritude in dB]

51,1:-5.8487172 4

Frequency / GHz

Puc(5). S11 aByx cnos

S-Parameter [Magnitude in dB]

sl ermenennhnsmanelinmmen CHpEp— R = bcomoca S bt 52 1 1 -2 5809362 |

Frequency / GHz

fig(6). S21 Double layers

— it

CST

12 12:5 12 13.5 14 14.5 15 1555, & 185 16.956 ﬂ

—c2,1

CSsT

12 125 13 13.5 14 14.5 15 155 16 165 16,956 ﬂ
r

frequency (Glass) (fiberglass) Double layers
(GHz)
Kt(DB) Kr(DB) KT(DB)

12 4.1 1.9 4

13 -3.8 1.8 -1.9
14 3.7 -3 -1.9
15 -4.9 -2.8 -1.9
16 -3.2 -3.7 -0.8
17 -4.6 -1.8 -2.5

Table 2. Transmission coefficient using CST program



conclusion

The results of the study can be summarized as follows:

Based on the analysis of the literature concluded the prospects for measuring the electrical
parameters of the method of dielectric space.

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

Implemented model of a two-layer dielectric material using MATHCAD program.

. As a means of implementing the free space method proposed two horn system, which is
suitable for the problem studied experimentally and using CST package. The necessity of

adjusting the phase of the front horn emitter and receiver.



References

1. Augilent, “Basics of Measuring the Dielectric Properties of Materials. Application Note*

2. 0.V.Tereshchenko, F. J. K. Buesink, F. B. J. Leferink «Measurement of dielectric and magnetic
properties of Materials», 2011
3. K. Fenske and D. Misra, “Dielectric Materials at Microwave Frequencies,” Applied Microwave and

Wireless,Vol. 12, No. 10, October 2000: 92-100.

4. ). Baker-Jarvis, M.D. Janezic, P.D. Domich and R.G. Geyer, “Analysis of an Open-Ended Coaxial Probe
with Lift-off for Non-destructive Testing,” IEEE Transactions on Instruments & Measurements, Vol 43,
No. 5,0ctober 1994: 711-718.

5- O.I. JlayroB. MonenupoBaHue Iojield MpU MPOSKTUPOBAHWHU SJICKTPOHHOH amnmapatypsl, KazaHs:
MzmarenscTBO Kazanckoro .roc.texH. yauepcureta, 1997.32p

6. O. Sh. Dautov. Excitation of the one-dimensional inhomogeneous isotropic media by the monocromatic
electromagnetic plane wave, Environ Radioecol. Appl. Ecol., Vol. 13, No. 1, pp. 16-29 2007

7. D. Misra, “On the Measurement of the Complex Permittivity of Materials by an Open-ended Coaxial
Probe,” IEEE Microwave and Guided Wave Letters, Vol. 5, 1995: 161-163.

8. D.Berube and F. Gannouchi. “A Comparative Study of Four Open-ended Probe Models for Permittivity
Measurements of Lossy Dielectric/-Biological Materials at Microwave Frequencies,” IEEE Transactions
on MTT, Vol. 44, 1996: 1928-1934.

10. R.H. Cole, J.G. Berberian, S. Mashimo, G. Chryssikos and A. Burns, “Time Domain Reflection
Methods for Dielectric Measurements to 10 GHz,” Journal of Applied Physics, Vol. 66, July 1989: 793-
802.

11. D.K. Ghodgaonkar, V.V. Varadan and V.K. Varadan.

12. Ghodgaonkar, D. K., V. V. Varadan, and V. K. Varadan,“Free-space measurement of complex
permittivity and complex permeability of magnetic materials at microwave frequencies,” IEEE
Transactions on Instruments & Measurements, Vol. 39,

387-394, 1990.

13. Ghodgaonkar DK, Varadan VV, Varadan VK. A free-space method for measurement of dielectric
constants and loss tangents at microwave frequencies. IEEE Trans Instrum Measure 1989;37(3):789-93.



