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ABSTRACT

We present the study of dielectric constant and its influence on wave propagation through an inhomogeneous
material medium via mathcard approach. Mathcard was used to solve numerically the wave equation involving a
perturbation in term of dielectric constant €, (r) = A&‘p (r)+ Epef imposed on scalar wave equation.
l//"(l’) + o, & Ep(r) =(; The equation was reduced to a form suitable for numerical solution using
mathcard on which we applied various values of dielectric constant perturbation for three regions or electromagnetic
spectrum VIS UV, optical near infrared region. The correlation between the field profile and the propagation was
analyzed.

Keyword: dielectric constant, perturbation, numerical solution, mathcard, scalar wave equation, electromagnetic
spectrum, correlation, propagation distant, material medium.

INTRODUCTION

Analytic study of optical field propagating through an inhomogeneous material media have been presented only for a
few specific geometries with a number of schemes for further study of the optical effect of layered. Inhomogeneous
medium has been attempted (Wait, 1970; Brekhovakikh, 1980). Such a scheme as Abeles 2 x 2 propagation matrix,
Jones 2 x 2 and Berreman 4 x 4 propagation matrices has been utilized. (Abele, 1950; Jones 1941; Azzum, 1972) for
analytical study of the geometrical optical approximation. Also, generalized geometrical optic approximation, phase
integral and perturbation theory have been applied (Ong, 1993, Budden, 1966, Ugwu, 2010).

However, one concept is paramount for its application. This is the concept of definition of generalized field vector in
propagation matrix and perturbation term that depends on the dielectric parameters and other optical and solid state
parameters of the material medium. The propagation distance of the medium depicting the thickness of the material
ingestion and the propagation vector of the incident field is taken into consideration unless where approximation
value is necessary (Ugwu, 2007: 2010).

In all, beam propagation method has remained a very good technique for analytical study of wave propagation
through various material medium since it provides a unified treatment of various guided and radiation field problems
subject to paraxiality and spatial frequency content of the index profile (Thylen, 1986).

It can also be used to analyze non linear directional coupler operation for various combinations of non linear
materials and initially mismatched guide. (Steyeman, 1985; Jensen, 1982). This is because the technique involves
propagating the input beam over small distance through homogeneous space in the material medium and then
analyzing the influence of variation of the solid state properties of the material such as refractive index and dielectric
constant on the propagating wave (Fleck et al., 1976; Feit, 1979; Ugwu, 2011, Yeh, 1979). A number of derivations
of the method adopted amenable to specific problems have been made possible using beam propagation method
(Roay, 1981, Ugwu et al., 2011, Yevick et al., 1985, Kim et al., 1990, Brykhovetskii et al., 1985, Tatarskii, 1979,
Rytov et al., 1987).

THEORETICAL FRAMEWORK
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We begin by defining scalar wave equation

Given

y'(r) + @ py g6, (r)w(r)=0

Which is a second order differential equation represent a scalar wave equation with a perturbation due to its

propagation through a medium with a dielectric function,
g,(r)=As,(r)+ &, .

Ly (r)+ @’ wye, (Agp (7’)+8ref)l//(l”) =0
= y"(r) + @’ e, Ae, (r)y (r)= — o’ 1y&,6,,v (1)

2
Asuming 5, =0 i =V (1) = 5z, (7). = 0"z, = 2

w"(r)=V (r)y(r)=0

Hence V' = kg Aé‘p (r) with the perturbed term contained in V, we transform the equation in the form that makes

suitable for Mathcard solution.

dx
Let x, =y = x| —Vx;, =0, x, =—+
dr

Let xl' = X,, the differential equation becomes;

x, =Vx, X, Vx, 0 J{x,

The form of this equation is suitable for numerical solution by MathCAD.

In the solution, we considered three different values associated with the value of dielectric perturbation A& i

2
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Ag, =0.5;3.5and 10.50 which represents negligible, limited and strong absorbing medium. In the mathcard
numerical solution as used here we considered the ultraviolet, optical and near infrared region of electromagnetic

wave spectrum.

MathCAD Solution
(5)

7, =07 =150 Solution interval endpoints

0
ic = L } Initial condition vector 6)
N =1500 Number of solution values on (to, t;) 7
X,
D (r,X ) =| g Derivative function (8)
4-—2 .8.X0
A

Solution matrix:

S = rkfixed (ie, r0, N D)

r= 8% Independent variable values

w = S Solution function values
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Fig;1 Field,¥ VS Propagation distant for Ag,= 0.5 within UV region
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Fig;2. Field,¥ VS Propagation distant for Ag,= 0.5 within optical region
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Fig;3. Field,¥ VS Propagation distant for Ae,= 0.5 within near infrared region
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Fig.4 Field,W VS Propagation distant for Ae,= 3.5 within UV region



Chemistry and Materials Research www.liste.org

ISSN 2224- 3224 (Print) ISSN 2225- 0956 (Online) ey
Vol 2, No.6, 2012 ns'E
200 T
150 T
\y_ 100 T
50 T
0 210 JtO éO ;30 150 1;0 ILO

Fig;5. Field,¥ VS Propagation distant for Aep= 3.5 within near UV region
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Fig.6 Field,¥ VS Propagation distant for Aep= 3.5 within near infrared region
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Fig.7 Field,'¥ VS Propagation distant for Ag,= 10.5 within UV region
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Fig.7 Field,'¥ VS Propagation distant for Ag,= 10.5 within UV region



Chemistry and Materials Research
ISSN 2224- 3224 (Print) ISSN 2225- 0956 (Online)
Vol 2, No.6, 2012

WWW.liste.or:
pLLy

ns'E

Fig;9 Field,¥ VS Propagation distant for Ag,= 10.5 within near infrared region

RESULT OF DISCUSSION

Figure 1 to figure 9 depict the behaviour of propagated wave profile through the medium against the propagation
distance presented in accordance with the values of dielectric perturbation.

In fig 1, the field profile when A&‘p = 0.5 within UV region appear parabolic in nature but tends to a straight-line

with the optical and near infrared region as in fig 2 and 3.

When the dielectric perturbation increases to 3.5, the field behaviour within the UV region remained constant up to
49nm of the propagation distant after which it rise up sharply to maximum of 1.3 x 10* within 140nm of the
propagation distance as in fig. 4. In fig 5 and 6 depict the field profile within optical and near infrared region

respectively, the correlation between the field and the propagation distant tends to increase for A&‘p =10.5 which

can note the strong absorption value, the field behaviour within the UV increases sharply after 129nm of the
propagation distant and begins to experience a slight increment on correlation between the field profile and
propagation distant for both optical and near infrared region. comparing the work with the one obtained using
theoretical solution of the scalar wave equation, one observed that the wave profile exhibited a defined behaviour in
relation, the propagation distance unlike the results from the theoretical solution technology and W. K. B
approximation which only depicted the oscillatory pattern of the wave as it propagates through the medium (Ugwu et
al., 2011, Ugwu and Maliki, 2011).

Another interest phenomenon is the correlation between the field profile within the UV region for A& b = 0.5,3.5

and 10.5. One observes that the correlation increases with the increase in the value of perturbed dielectric constant.
Unlike the field profile behaviour in the case of the theoretical result whereby the oscillatory wave pattern is

dampened as A&‘p increase especially within the near infrared region (Ugwu and Maliki 2011).
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CONCLUSION

The study of this work, we have presented the propagation behaviour of wave through a medium with variation of
dielectric perturbation using numerical solution by Mathcard. Though other method such as theoretical solution of
scalar wave equation and W. K B approximation teeth: we has been used, all exhibited different wave profile

uniquely in relation to the propagation distant for various values of Agl’ > However, numerical solution by mathcard
exhibited greater correlation between the wave profile and propagation distant than the theoretical solution of scalar
wave equation and W. K. B approximation technique. This formalism allowed the understanding of how the
dielectric constant perturbation influences the correlation between the filed profile and propagation distance which
signifies the thickness of the medium through which the wave propagate.

ACKNOWLEGDEMENT

We humbly acknowledge the contribution of Dr. M.I. Echi of Department of Physics, University of Agric. Makurdi,
and Benue State for his effort in developing the program used for this work. Also Dr. S.0.Maliki of Industrial
Mathematics and Applied Statistics Department, Ebony State University, Abakaliki is not left out for his help in
facilitating the running of the program.

REFERENCE

Abeles F, 1950, “Investigations on Propagation of Sinusoidal Electromagnetic Waves in Stratified Media
Application to Thin Films”, Ann Phy (Paris) 5, 596- 640.

Azzam R.M.A and Bashara, N M , 1972 ,“Simplified Approach to the Propagation of polarized Light in
Anisotropic Media- Application to Liquid Crystals” J.Opt. Soc. Am, 62, 1252.

Brekhovskikh L.M, 1980, “Waves in Layered Media” 2" Ed; Translated by O. Liberman,[Academic, New York]

Brykhovestskii, A.S, Tigrov,M and I.LM Fuks 1985 “Effective Impendence Tension of Statically Rough Ideally
Conductive Surface. Radio phys, Quantum Electron, 703 -708.

Budden K G,1966 “Radio Waves in the lonosphere”, Cambridge University Press, Cambridge.

E.I Ugwu 2010 Theoretical Study of Field Propagation through a Nonhomogeneous thin Film Medium using
Lippmann-Schwinger Equation. In.Jnl. Multi-physics Vol. 4 No. 4 .305-315.

E.I Ugwu 2011 Wave Propagation in Dielectric medium, Thin Film Medium. [Chapter Contribution in Wave
Propagation. Edited by Andrey Petrin. Published by Intech.

E.I Ugwu,C..E.Okeke and Onyekachi Elechi 2011 Study of Wave Propagation through Thin Film: Analysis and
assessment of dielectric function and refractive index Ad.Ap.Sc.Res 2[3] 642-651

Feit M.D and Flect J.A, 1979 “Calculation of dispersion in graded-index multimode fibres by a propagating-beam
methods”, Appl opt. 18, 2843-2851.

Fleck J.A, Morris, J.R and Feit M.D Feit 1976 “Time-dependent propagation of high energy laser beams through
the atmosphere” Appl phys 10,129-160.

Jensen, S.M, 1982, IEEE J Quantum Electron QE — 18 1580.

Jones R.C, 1994, “New Calculus for the Treatment of optical systems. Part I:description and discussion of the
calculus. Part 2: proof of three general equivalent theorem” J .opt. soc, Am, 31, 488-499.

Ong H.L, 1993, “2x2 Propagation metrics for Electromagnetic Waves Propagation Obliquely in layered
Inhomogeneous Unixial Media J. Opt. Soc. Am. Vol. 10, No.2, 283 — 293.

Stegeman, G I and Seaton, C .T, 19850, J. Appl. Phy. 58, R 57.

Thylen L, Wright E M , Stegeman G I, Seaton C T ,and Moloney J V, 1986 “Bean Propagation Method Analysis
of'a Non-Linear Directional Coupler”, Opt. lett. 11,739-741.

9



Chemistry and Materials Research www.liste.org
ISSN 2224- 3224 (Print) ISSN 2225- 0956 (Online) pLLy
Vol 2, No.6, 2012 ST

Ugwu, E.L, Uduh P.C. and Agbo G.A. 2007. “The Effect of change in Refractive Index on Wave Propagation
Through (FeS,) Thin Film” Journal of applied Science 7(4): 570 -574.

Van Roey J.J Vander Dock and PE Lagasse 1981 “Beam Propagation Method: Analysis and Assessment”, J. Opt
Soc., Am, Vol. 71, No. 7.

Wait, J. R, 1970, “Electromagnetic Waves in Stratified Media” 2nd Edition, Pergamon,New Y ork.
Yeh C, 1995, Perturbation method in the diffraction penetrable objects”, J. Math. Phys.Vol.6, no. 12, 2008-2013.

Yerick D and Glasner, M 1990 “Forward Wide Candle Light Propagation In Semiconductor Rib Wave Guides”,
Opt. let. 15,174 — 176

10



