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Simulation object
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Simulation object
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Maxwell’s equations

Maxwell's equations in the case of scalar waveguide
diffraction problems are reduced to the Helmholtz

equations:

(A+ koznz)Ey =0, (A+ kjnz)Hy =0,

oo -1 ©OE, 1 oH,
* ik, oz ik,e o0z
oo 1 OE, E:_18Hy.

3/16



Three-layer waveguide
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The Sturm-Liouville problem

The Sturm-Liouville problem for operator
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Diffraction problem in a "Dirichlet's box"

6/16



Diffraction problem in a "Dirichlet's box"

(AU + kgn®(x,z)u=0,

u X=—R, :u|x=RX :O’

9 U 0 _ Aho (Dno (X)eikoﬂnoz n Z Rngﬂn (X)e—ikoﬂnz,
a n=1

o0

U5, = Z;Tn(on (X)eikOﬁnz’
\ =

where ¢,, are normalized eigenfunctions of the problem for a
regular waveguide:

-
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Analogue of incomplete Galerkin's method

We seek an approximate solution of the problem in
the form of an expansion:

u" (x,2) = Zv (2)0, ().

Applying the projection scheme of the Galerkin
method, we obtain:

V' +Q(z)v=0
0) = 2ik,Dd
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Numerical experiment

n. =1.000
4 :-j: nf :1565

n. =1.470

Longitudinal section of a waveguide lens placed on a waveguide layer.

The lens is designed to focus mode 7E, (4, = 1), 4 = 0.633 L. /
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Numerical experiment

Coefficient functions
that determine guided
modes of an open
waveguide

Coefficient functions
that determine
substrate radiation
modes of an open
waveguide
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Luneburg lens

n(X,y,z)=+




Small parameter

We assume a small change of the electromagnetic
field along y-axis, which is characterized by small
parameter o:

5:max{

oy oy oy
In the zeroth approximation with respect to the small
parameter o0, we obtain the Helmholtz equation:

OE, OE, 8HZ}

o 0 0)
2 ~2 0
(axz s +k,n* (X, y,z)] E,” =0
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Diffraction problem in the zeroth approximation

(/A2 2
(8 + 0 +kon* (X, y,z)j E§°) -0,

ox*  0z°
E” =0,
Y Ix=xRy

EQ| = A (V) o, (x)e" 3R () (x)e oz

Q0

>R 2. T (Y)er (X)eikOﬂnz’

where R is the radius of lens, EJ(,O) = Ej(,o)(x, z;y) depends

on y parametrically. 316



Solution of the diffraction problem

For each fixed value of y;, we obtain a two-
dimensional diffraction problem

([ A2 2
(a 3 +k§n2(x,yj,z)ju§0>:o,

ox°  01°
u(.o)‘ =0

] Ix=%R, ’
UEO)‘ZS_R _ Ano (yj )(Dno (X)eikoﬁnoz n nZﬂRn (yJ )(Dn (X)e_ikoﬂnz,
UEO) >R ZT“ (yj )(pn (X)eikOﬁnz’

n=1 14/16



Solution of the diffraction problem
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Solution of the diffraction problem
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