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Exercise 1: Basic techniques

(a) Solve the differential equation #(t) = —w?z(t) with boundary conditions
z(t1) =z and z(t3) = 2.

(b) Calculate the eigenvalues and eigenvectors of the matrix R = (j (1))

(c) Express the vector A = A, &, + A, €, in terms of polar coordinates. That is,
determine A, and Ay in A = A,e, + Agé’g

(d) Show that the divergence VA= 8‘45” —|— is given in polar coordinates by

- - 0A, A, 104
VA= T e @

(e) The Levi-Civita symbol €, is a three-index object, defined as

0, if any two indices are equal
€ijk = 1, if4,j, k is an even permutation of 1,2,3 (2)

—1, if 4,7,k is an odd permutation of 1,2,3
Show that

(g X é)z = EijkAjBk s (3)

where A; is the jth component of the vector ff, etc.
(f) Show that

3

Z €ijk€itm = 5j£5km - 5jm5ke . (4)

=1

(g) Equations (3) and (4) are very useful for deriving all kinds of vector identities.
For instance, prove the following relations:

— — — — —

) = B(A-
)= (4

)-C(A-B), (5)
)B4+ (B-VYA+Bx (VxA) +Ax(VxB). (6)
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(h) Calculate the following integrals:

[ Ja e Jese @
r+a’ 1— 72’ 14 e®’ 22 —5x 46’
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