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AII questions maA be attempted but only
count.
The use of an electronic calculator is not

marks obtained on the best four solutions

permitted in this examination.
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1. (")

(b)

State, without proof, the general formula for a Fourier series on (-n, ur) for a
function /(r), giving the expressions for the coefficients.

Find the Fourier series for

f(r):

(c) Using Part b, or otherwise,
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Define the Jacobian
o(r,a)
0(u,u)'

wlrere r(u,u) and E(u,T,,) are smooth functions.

Using the definition from Part a, determine the Jacobian for the coordinate
transformation defined bv the functions

, : u*u 1 , , u-ux\u1u)-- 2 ano g\u'u): 2 .

LeL R be the first quadrant in the u3r-plane. Using the coordinate transforma-
tion from Part b, or otherwise, find
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3. (a) State the Divergence Theorem carefully.

(b) Let Sbethesurfaceoftheclosed boxdefined by0( z ( 4,0< g ( 2, and
0 ( z < 10 LeL a be a positive constant and consider the vector field

F(r,a,z) : (3o3 - 2a)ri * 12 cos(z)- * i"(lE 
1,Pr.z+4 \r+1).

Find the exact value of a so that the flux of F over S is 0.

(c) Considering the situation in Part b, how would the value of a change if we
replace the vector field F by the vector fieid F * G, where G(r,y,z) :
g(A,z)i+ g2(r,z)j + gs@,a)k with smooth functions gr,gz,9::R2 -- R.

(a) State Green's Theorem in the plane carefully.

(b) Sketch the contour C which is described as foliows: Begin at the point (2,3)
Go to the point (-2,3) along the straight line segment. Then go back to (2,3)
along the curve given by the equation y - 12 - 7. This description also gives
you the correct orientation of C.

(c) Let F(x,a): rsin(r)i +(ra +ln(i +a2))j.Use Green's Theorem to calculate
the circulation of F around C.

(a) State Stoke's Theorem carefully.

(b) Verify Stoke's Theorem for the vector field

F(r,A, z) : -yi * rj + rzk

and the surface 5 defined by t' + a' + z2 :17 and z ) 4. Sketch the surface
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6. (u)

(b)

(")

LeL A be a vector potential for B, i.e., B: curlA. Let Q: lR3 - IR be a
smooth function and show that

a, +iO

is also a vector potential for .B. Find an expression for the divergence of A+fr 0
in terms of the divergence of. A.

For the vector potential A -- 2ri + Zyi l2zk, is it possible to find a smooth

function d , R' -+ R such that A + Vd is divergence free? If so, provide a Q
that works.

A central vector field is one of the form p : f (r)r, where "f ' R --- lR is a
smooth function, r * ri + Ai + zk. and 

" 
: Itl. Show that any central vector

field is irrotational. i.e.. curl-F : 0.
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