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All questions may be attempted but only marks obtained on the best four solutions will

count.

The use of an electronic calculator is not permitted in this examination.

1.

(a) State, without proof, the general formula for a Fourier series on (—L, L), with
L > 0, for a function f(z), giving the expressions for the coefficients.

(b) On (—m,7), find the Fourier series of f(z) = |z|.
(c) State Parseval’s identity.

(d) Apply Parseval’s identity to the function of part 1b to obtain an infinite series
for a power of .

(a) Using subscript notation, what is the expression for
€ijkEklm

in terms of d;;, 0;m, etc.?

(b) Using subscript notation, prove
curl (A x B) = (B-V)A — B(divA) — (A-V)B + A(divB).
(c) Verify the result of part 2b for

A =(1,0,0), B = (z,y, 2). |

(a) Evaluate §; F-drif F = (22 —y,2y —z,0) and C is the perimeter of the ellipse
z2/9+1y?/4 =1, z = 0, described in the anticlockwise sense.

(b) Find f G -dr for G = (y, z,yz) from (0,0,0) to (1,1,1) along
(i) r=(#%,t) with0 <t < 1,
(i) r=(¢,t3,t) with0<t < 1.

Is G conservative? Give your reasons for your conclusion.
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4.

i i

(a) Define the Jacobian
A(z,y, 2)
A(u,v,w)’

where z(u, v, w), y(u,v,w) and z(u, v, w) are smooth functions.

(b) Nlustrate the cylindrical polar coordinate system by means of a sketch, and give
the expressions for the Cartesian coordinates (z,y, z) in terms of the cylindrical
polar coordinates.

(c) Determine the Jacobian, from your definition, for the change of coordinates
from Cartesian coordinates to cylindrical polar coordinates.

(d) Find, by a using a suitable change of coordinates or otherwise,
/v(l + 2%) exp(2? + y?) dV,

where V is the region 22 + 92 <land -1 <z < 1.

(a) State the divergence theorem carefully.
(b) Given
$=r5, E=-gads,
Ir|
show that if |r| # 0 then divE = 0.
(c) Let V, be the ball of radius a > 0, and find the value of

I= divE dV,
Va

with E as defined in 5b, by first transforming this integral into a surface in-
tegral. Explain why the result of part 5b implies that the integral I does not
depend on a.

(a) State Green’s theorem carefully.

(b) Verify Green’s theorem for the functions
P=zy, Q=(+z+y)’
and the region defined by
>0, y>0, z+y<1

Sketch the region of integration.
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