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1. Working entirely in circular cylindrical coordinates, (15%)
(a) show that the position vector ;=;z,,,p'+ e:z. {5%)
(b) calculate V-7 and Vxr.(10%)

2. Consider the differential equation x%—xy:y‘ (10%)

(a) Find the solution y(x) containing one arbitrary constant C. (5%)
(b) Find the value of C if the following boundary condition is satisfied: y=1 when x=1.(5%)
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(a) Verifyif A isHermitian. (5%)

3
3. Consider the matrix A=[l J.{ZS points)
+i

(b) Find the eigenvalues of 4 and the corresponding normalized eigenvectors. Check if the
eigenvectors are orthogonal. (15%)

(c) Write a unitary matrix U suchthat U'AU is diagonal. (5%)
4. Evaluate gscf—zl, where C isthecircle |z—1|=1 in the complex plane. (10%)
25—

5. Consider the function f(x):{ 0 —?r<x<0.{20%)

sinx, O<x<nm
(a) Find the Fourier series representation of f(x). (15%}

{b) Using the result of (a}, calculate . (5%)
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6. Consider f(¥)=1/r and the Laplace’s equation V?¥ =0. (10%)
(a) Verify that f(r) with r#0 isa solution of Laplace’s equation. (5%)
(b) Find the expression of V?f(r), including »=0. (5%)

7. D(x,h)= (I—th +h2]-u2 with |kj<1 isthe generating function for Legendre polynomials such that

CD(x,h)=}%(x)+hPl(x)+h2Pz(x)+m=ih‘“Pm(x).Calculate B,.,(0) and B,(0).(10%)
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