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. (a) Assume that a set of matrices satisfies the commutation relation

[M), Mi] = i M,
where j, k, and £ are cyclic indices. Show that the trace of each matrix vanishes. (5 points)
(b) A and B are two non-commuting Hermitian matrices: AB — BA = i C with i = +/—1. Prove that
Cis Hermitian. (5 points)

. Vector B is formed by the product of two gradients: B = (Vu) X (Vv), where uand v are scalar

functions.
(a) Show that B is solenoidal. (10 points)

(b) Show that 4 = %(u Vv —v Vu) isavector potential for B defined above. (15 points)

. Solve the ordinary differential equation

d .
-&%—F (1 +§) = 0. {15 points)

. (a) State the Cauchy’s integral theorem. (5 points)

(b) State the Cauchy’s integral formula. (5 points)
(c) Evaluate

dz
éz(Zz +1)

for the contour around the unit circle. {10 points)

. Gamma function is defined as: I'(z) = fooo e”t t771 dt with Re(z)>0.

(a) Show that fom e dx =T G—) (10 points)

(b) Show that ;11—133 F—Iff(%l = % (10 points)

. Show that the Schwarz inequality:

[(Flg)? = (f1f) (glg),
where |f) and |g) are the vectors in the Hilbert space. (10 points)




