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A mathematical model characterizing the surface and leaky guided waves on dielectric 
fibers o€ arbitrary cross-section is studied. The results of [1,2] are essentially used. Analogous 
approaches for solving the problems of wave propagatiori on microstrip and slot lines have been 
developed in [3,4]. 

The guided waves propagating along the mxis of the fiber by the law exp[i(@ - ut)], 
where the axial propagation coefficient ,B is an unknown complex parameter, w is the given 
frequency of electromagnetic oscillations, are sought. Under the assumption of nearness of 
real refractive indices of the fiber (nl) and environment (na < nl), this phisical problem is 
reduced, following [5 ] ,  to the spectral problem for the Helmholtz equation on the plane, with 
the Reichardt conditions on infinity [6]: 

+ XSU = 0, (w) E Sl, (1) 

Here SI is a bounded domain, I' = a&, 32 = R2 \ $1, x = ~ c o s y ,  y = rsiny, Hi1) 
is the Kankel function of the &st kind and n-th order, xj = @-, ki = w2&opo, 
,B E A = HI n H 2 ,  Hj is the Riemann surface of the function lnxj(P), j = 1,2. Note that both 
the surface, i.e., exponentially decreasing waves and exponentially growing at infinity leaky 
waves satisfy conditions (4). 

The questions of spectrum localization have been studied. The surface Hj has an infinite 
number of complex sheets. The "proper" one (q) is specified by the conditions: -n/2 < 
argx3(P) < 3n/2, Imxj(P) > 0 if Imp = 0 ,  1/31 > ]con,. 

Theorem 1 At A0 = @ n @ the propagation coeficient ,G may belong only to G UA2, G = 
{ P  E Ao: Imp = 0, k0n2 < < konl}, A2 = {P E A0 : Imx2 < 0). 

These results generalize the results of Katsenelenbaum concerning the spectrum localization 
of the surface and leaky guided waves on the fibers of circular cross-section [7]. We recall that 
in [7], analysis was done based on the study of characteristic equation obtained by the method 
of separation of variables. 

Original problem (1)-(4) can be reduced to a nonlinear spectral problem for a Fredholm 
holomorphic operator-Vralued function 

A(P)Y = (1 + B(P))Y = 0 (5) 

with the aid of potentials of simple layer. Here, I is an identical operator, B(P) is a completly 
continuous holomorphic operator-valued function. We have proved the following 
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Theorem 2 Spectral problem ( I )  - (4) is equivalent t o  the problem (5) for all p E A, except 
for some discrete set of points. Spectral problem (1) - (4) is  equivalent t o  the problem (5) f o r  
all P E G. 

Theorem 3 The spectrum of the problem (1) - (4) may consist of only isolated points. 

A discretized matrix equation has been derived by Galerkin’s method based on trigono- 
metric basis fuinctions, for a numerical solution of the problem (5). Determinant zeros bn of 
the matrix An@) of this system (n being the number of basis functions) are assumed as the 
approximation values of the propagation coefficient P. The convergence of this method has 
been studied. 

Th=rem 4 Suppose that Po f @ ( A )  = A \ ( P  E A : 3A-1(/3)}. Then there exists a sequence 
{Pn}, Pn E a(&}, such that Pn + Po, if n -+ 00. Suppose that there exists a sequence {&}, 
pn E U(&) ,  such that /% -+ p0 E A if fn -+ 00. Then p0 E a(A).  

A practical efficiency of this method has been shown by comparing the solution of some 
problems of the theory of dielectric fibers with experimental data and results obtained by other 
methods. The figure compares the Galerkin method results for n = 2 with point-matching [8] 
and constant-field approximation solution [9], for the fundamental mode propagation on a di- 
electric fiber of the regular triangle cross-section. The dispersion curves of q versus u, where 
q = (h2 - ng)/(n? - n;), ‘U = 2 a k o d m / f i ,  h = @/b, nl = 2.31, n 2  = 2.25, a is the side 
of the triangle, are ploted. 
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