Advanced Mathematical techniques in Chemical Engineering
Module IX : Special ODEs and Adjoint operators

Exercises

1. Prove that Zeroth order Bessel functions are orthogonal functions.

2 2
2. Prove that two dimensional Laplacian operator L :%+% with the boundary operator
X

Bu=0 (where, u is a dummy dependent variable) is a self adjoint operator.
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3. Prove that two dimensional Laplacian operator L:%ﬁ-% with the boundary
X

. ou . -
conditions at x=0, a—:um ; at x=1, u=up; at y=0, u=up3; at y=1, u=ugs is a self adjoint
X

operator, where, u is a dummy dependent variable.
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4. Prove that two dimensional Laplacian operator L:%+§—2 with the boundary
X X

. ou ou .
conditions at x=0, a—:um and at x=1, a—+ﬁu =Uy, at y=0, u=ugs; at y=1, u=uos is a self
X X

adjoint operator, where, u is a dummy dependent variable.
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5. Prove that two dimensional operator Lz%—% with the boundary conditions at x=0,
X

U=Uo; and at x=1, Z—u+ﬂu =U,,; at y=0, u=uo3; at y=1, u=uos is not a self adjoint operator,
X

where, u is a dummy dependent variable.



