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(a) Find the derivative, with respect to distance, of the function
¢ (z,y,2) = 32°2 + 3y — 2°,
along the parametric curve
r(u)=(u-142-1,2~2u)),

“at the origin (0,0, 0).
(b) Prove that the point (2, —1,2) lies on each of the surfaces

z? — 2y + 222 =10 AND z=z%+4%-3.
Prove that these surfaces intersect at right angles at this point.

2. (a) Consider the integral
3
Jo f:ﬂ dydz.

Sketch the region of integration A. Change the order of integration
and hence evaluate the area A.

(b) Use plane polar coordinates to evaluate

[, 2% — y?) dady

where A is the portion of the disc z? + y2<4,z,y>0.
(c) Consider the double integral

I, @+y)dA,

where A is the parallelogram bounded by the lines w+y =1, z+y=
3, 2z—y = 0, 2~y = 4. By making the change of variable u = z+y,
v = 2r — y, and hence showing that the region of integration is a
rectangle on the wplane, evaluate the above integral.

3. Evaluate the line integral
27w o,
for the vector field
| = (2zy® — yz)i+ (22% — z2)j — zyk
‘alorllg each of the following paths:
(a) the straight line joining (0,0, d) directly to (1,2, —3);
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~(b) the successive straight line segments from (0,0, 0) to (0, 2,0), from
‘ (0,2,0) to (0,2,—3) and from (0, 2, —3) to (1,2, —3), in this order.

Prove that the vector field F is conservative.

. The divergence theorem of Gauss can be written in the form
fffVV-AdV=ffSA-ﬁdS.

Explain what is meant by V, S and ii in this equation. Verify the diver-
gence theorem for the vector field

A = 22yi — z1%j + 2k,
for the cylindrical region z% + 32 < 16, 0 < z < 3.
. Find all the solutions of the equation

Bu  u

E—'a—wi, O<z<lIL, t>0,
subject to the boundary conditions

ug (0,8) =uy (L,t) =0, t>0,
and the initial condition

u(x,d)=f(:1:), 0<z<L.
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