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Lingyun Wei 2 Neumannt-Dirichlet boundary conditions

Consider BE in the annular domain

m xzy"+xy’+(/‘tzx2—v2)y=0, xe(L, L,)
m Boundary conditions:

{d_y} =0 (Neumann)
dx x=L,;
Moty = 0 (Dirichlet)

The general solution is given by
yx)=cJ, (Ax) e, (2x)

The derivative of the general solution (use chain rule and differential
identities)

d 1% 1%
L) c,{—JM (1) + L, (/lx)} +c24{_yv+, (1) + L, (M)}
Apply boundary conditions to the general solution of BE:
x=1, c]/l[—JM (AL,) +/ILLJV (AL, )} - czz{—ym (AL,) +/1LLYV (AL, )}

1 1

x=1L, Csz(iLz)"‘CzYv(ﬂsz)ZO

Denote:

a, :{AJM (ﬂLI)—[ ]JJV (AL, )}

l\<|<

o= |40 at)- 1 1)

ay =[J,(AL,)]

ay = |:Yv (/le ):|
Then a system for coefficients has the following matrix form:

a4y LG 0
A necessary condition for a system to have a non-trivial solution is
a, a
de t|: 11 12:| — 0
ay Ay
it yields a characteristic equation for values of the parameter A for which
the BVP has a non-trivial solution:

b.,

Equation for eigenvalues 4, : {/UV” (AL)) _{LLJ J, (AL, )} [Y,(AL,)]
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The positive roots of this equation provide an infinite set of eigenvalues .
Then for the determined eigenvalues A, , coefficients ¢,, and ¢, , can

be found from one of the equations of the system (choose the second one):
a,c; +a,c, =0
One of the coefficients can be taken as a free parameter, choose
c :L, then c, __ L

as; as
With  determined coefficients, solutions of the BVP y, (x)
(eigenfunctions) have the form:

Eigenfunctions: y,(x) = J,(4,%) _ Y, (4,%)

Ar1n Ao

Jo(Ax) __N(A4x)

[/ (4L)] [%(4L)]

The norm of the eigenfunctions is determined by the integral

L,

L
N2, = [oiCode, N2 = [
L

z :Ex{ J, (Ax) _ XY(A%) T dx

JV (/InLZ) Yv(/lnLZ)

Fourier-Bessel Series:

1(3)= 2, ()

_fxy" (x) f(x)dx _fxy" (x) f(x)dx
where a, == T =4 2



