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In this paper the reflection of ultra-short pulse electromagnetic waves on inhomogeneous dielectric matter
determined by dielectric susceptibility ¢ (Z) is discussed. Coefficient of reflection is obtained. Frequency dispersion

is neglected. Ultra-short pulse waves are considered as a row of Lugger polynoms.
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INTRODUCTION

The problem of carrying out researches related to the
propagation of monochromatic and, particularly, ultra-
short pulse (few-cycle) electromagnetic waves in non-
uniform medium is very topical because we have to
consider this problem in geophysics, optics of
semiconductors and polymers, physics of laboratory and
cosmic plasma in the first case and in electrodynamics
of ultra-short (transient) pulse electromagnetic waves in
the latter case. Exact solutions of Maxwell equations for
the profile of dielectric permeability
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and reflection coefficients of ultra-short pulse waves are
obtained in this paper.

1. THE MODEL AND BASIC EQUATIONS

Paper [1] deals with the common (universal)
approach used while studying propagation of planar
monochromatic waves in non-uniform dielectric media.
Paper [2] concerns the propagation of ultra-short pulse
waves in non-uniform dielectric media. By using the
approach stated in [1], let us consider propagation of a
planar electromagnetic wave in non-uniform, non-
magnetic dielectrics determined by the dielectric
permeability ¢ depending on the coordinate z. Suppose

that dependence ¢ (z) is as follows:

elz) = ndU?(2), (1.1)
where 7, - refraction index in the neighborhood of the
dielectric medium  boundary z=0; U(z)-

dimensionless function determining spatial distribution
of the dielectric permeability.
Ul - (1.2)
Let us write Maxwell equations for the continuous
medium:

rotE = - ld—B, (1.3)
cdt
rotH = ld—D (1.4
c dt
Suppose that D = 5( )Exex , B= H e, and, by using
equations (1.3), (1.4) we can obtain:
0H
0, . 107 (1.5)
iz c dt
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o, | _”gUZ(Z)‘?ﬂ. (1.6)
iz ¢ at
Taking into account the fact that the vector-potential
A determines the electric and magnetic components of
the electromagnetic field by equations (1.7) and (1.8)
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E=z-——, 1.7
cdt (1.7)
H=rotA’ (1.8)
where A= 4,e, = Aot/J (z t)e in our case, we obtain
2 2
0z c it?

Let us use new functions F and Q, and variable T in
order to simplify equation (1.9).

Flp.u 2 (2) (110

(z) Uz, (1.11)

.[U 2 )z, . (1.12)
Equation (1.9) gives in this case
0°F n0d2F 5

F, 1.13

TEEN T (1.13)
1gior 1..4%0

h 2z 0] - —0—=. 1.14

Let us make an assumption that P = ¢onst in order
to determine the profile U. By substituting infinite series

z d;z' in (1.14), we can deduce that

Q: 1+ 5,2 /(L)) + 5,22 /I3, (1.15)
p = st /fan)- s, /12, (1.16)
where s; = 0,t1; 5,=0%1, (1.17)

2. PROPAGATION OF ULTRA-SHORT
PULSE

Using new variables (2.1)

zcemy', B=np, V1P, (2.1)
equation (1.13) can be written as
i*F §°F
- = 2.2
B> v’ @2)
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This is the Klein-Gordon equation. Equation (2.2), exact
non-periodic  solutions  describing  non-stationary
electromagnetic waves propagating in non-uniform
dielectrics from boundary B = 0 (7 =0, z= 0) into its
depth are determined by the formulae as follows:

F= Z aqfq(ﬁ,u)’ 2.3)
q
o)z alB o)l ), 4

q
Zq(ﬂ,U)= EZ;,II; Ez‘]qﬁ uz-ﬂzﬁ’ (2.5
where J, - Bessel function. It is evidently that

iy 1

d_uqz E(Zq'l_z‘f”)’ (2.6)
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d—ﬁ": —5(( q-1+zq+1). (2.7)

Thus, the potential of the electromagnetic field is

equal to
1 1

A= A0 = 4FUPL)= 40T Al8)-
q

1
1 —
=5A0U2( ) al lipip)-C ], @8)
q
Electrical and magnetic components are as follows:
1
YA
E, "o U (Z)Zq ase, (2.9)
H, = -MU;(Z)E a,h (2.10)
y o A 9% » :
wheree, = < i) 2,0 00), @
1
hy = on [ Z)[Z q-z(ﬂp,fp)-5q+z]-
1 aU -7 ]D 5 1o
pU\z) 0z "7 ot H (2.12)

Variable 1 can be deduced by using formula (1.11).
It is equal, for instance, to

L, ZL, 1+ y?

= arth
’7|p2>o,s2<0,s1>0 \/“ e s slz/(2L1) , (2.13)
L -1 [ 2
105,00 = Tz L7 DAL R T
2001 yT -1 1+ s,2/(2L,)

where 'y denotes the expression V= L,/ (ZLI).
Electrical and magnetic components calculated in the

boundary under consideration (1]__,= 0, U (Z)L:o = 1)

are equal to

Ayp (o)
o Z 9q¢q ",

E)(co) - -
q
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WY ah, 2.15)
q
= 2, aliel- 2,0l palipl. @16)
hc(io = Zno[[Jq-z TP - Jq+2(Tp)]_
s G T ltp)- T (2.17)

Let us consider the ultra-short pulse electrical
component to be determined by the series expansion on

Lugger functions Lm(‘x) )

0

E(x)=y b,L,(x], (2.18)
m=0
where L, (x) = M d” expl- x)x™],
m!  dx"

x= (t - zc 1)/ ty, lo - parameter. It is known that

0

[ LalxlL(xld=8,, . Loz el x/2), 1,

L= (1-2x+ x2 /2)L, . Let E1)=

= (1- %)L,
EmFm( ) where
Fm(X): B[Lm(x)— Lm+2] = QBXHH i Ckka'

Let us consider wave E( ) EmFO(x) . where
Fo(x) = B[Lo(x) - Lz(x)] , falling from the vacuum onto

the dielectric medium. It is necessary E)(CO) and H LO) to

be written by using a series expansion on Lugger
functions in order to obtain reflection coefficients
because we are going to equalize wave harmonics by
using continuity conditions.

0

BV =AY (v,
1y m=0
1\ - AOPZ 7L, (%), (2.19)
T, - Z a,P,la), 1, = Z a,0,,0) (2.20)
3 3
Poglo )= [ Ly(x)el(xa )a 2.21)
0
0, l0) = I L, (¥ )n (va )av (2.22)
0

where X' =t/ty, a = tocn(')1 p . By using the continuity
conditions we get the infinite set of equations. It is as
follows for the electrical component:

- -1 1
E,B(1+ Ry)= - 4ypny' Ty, E,,BR, = - Aypng'Ty;

E,B(- 1+ Ry} = - 4ypny'T;, , and so on. (2.23)
In general, the set is written as:

EinB(lm ¥ Rm) = - Aopn(_)lTlm ’

EinB(lm - Rm) = - A0pn(_)1T2m > (224)
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where /[, = 0t1. From here, the desired reflection

coefficients are determined by (2.25).

Rm (a ) = lm(l_ T2m /Tlm)/(1+ T2m /Tlm) . (225)

Coefficients ¢; can be calculated by using the infinite
set of algebraic equations (2.24).

CONCLUSIONS

Coefficient of reflection of electromagnetic pulse
waves determined by (2.18) on the boundary between
vacuum and non-uniform dielectric medium described
by spatial distribution of dielectric permeability (1.1),
(1.11), (1.15), (1.17) is obtained. The approach used in
[1] in order to solve exactly Maxwell equations is
generalized while deducing reflection coefficients
(2.25).

The author is grateful to Prof. Karas V.I. for the
problem stated and for the fruitful and interesting
discussions while considering the problem.
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OTPAJKEHME YJIEKTPOMATHUTHOIO UMITYJIbCA OT HEOTHOPO/THOM
JARJEKTPUYECKOM CPE/IBI

A.H. Kapauesyes

B pa60Te PaCCMOTPEHO OTPAKEHUE BUACOUMITYJILCOB OT HeOHHOpOZ[HOﬁ JII/I3JI€KTpI/I‘leCKOI71 cpeanl C

JUBJIEKTPUYECKOM IMPOHHUIIAeMOCThI0 € |Z) .

YacrtoTHas JAUCIICPCUST HEC YUYUTHIBACTCH. I[J'IH BUJACOUMITYJIbCA

HCTIONB3YeTCs pa3iiokeHue B paa mo GpyHkuusaM Jlarrepa. Haiinens! k03(h(hUIIHEHTH OTpaskeHHS.

BIABUTTSA EJTEKTPOMATHITHOI'O IMITYJIbCY BIJ HEOJHOPIZHOI'O
JIEJEKTPUYHOI'O CEPEJOBHUIIIA

AM. Kapaueesues

Y poboTi pO3rSIHYTO BIAOWUTTS BiICOIMITYJBCIB BiJ HEOTHOPIMHOIO [ICIEKTPUYHOTO CEpPEeIOBHINA 13

JUCIIEKTPUYHOIO TPOHUKHICTIO & Z) HacroTHa aucnepcis He BpaxoBYeThCs. JIJ1s BieOiMIIyIbCy BUKOPHUCTOBY€EThCS

po3kian B psix 3a ¢pyHkmisMu Jlarrepa. 3HaiaeHO Koe(illieHTH BiTOUTTSI.

38



	ConclusionS
	ДІЕЛЕКТРИЧНОГО СЕРЕДОВИЩА

