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1. (a) Find the rate of change of the function
f,y,2) = x2® +x%y?
at the point P(-2, 1, 3) in the direction of the vector 6i — 2j — 3k
(b) Show that the point (2,—1,2) lies on each of the surfaces
?+y*+z2=9 and x2+y?—-z=13

Find a unit normal to each surface at this point and deduce the angle between the surfaces at
this point.

2. (a)Sketch the region A enclosed by the line y = x and the parabola y = x2
Find the area of the region by evaluating the integral

[ ayas
(b)Consider the integral
Let o
[ ] eravax
Sketch the region of integration. Change the order of integraﬁon and evaluate the integral

(c) Using plane polar coordinates evaluate the integral

J' J' =) dxdy
R

where R is the region enclosed by the circle x2 +y2 = 1



3. Evaluate the line integral
(42,-3)
[ vear
(0,0,0)

for the vector field V = 2yzi — (x? +y?)j + 5xzk along each of the following paths:
the successive straight line segments from (0,0,0) to (0,2,0) to (4,2,0) to (4,2,-3)
the curved line x = 4¢3, y = 2¢2, z = 3tfromt=0tot = 1

the straight line joining (0, 0,0) directly to (4,2,-3) : x =2y, z = —%y

Can you deduce, based on your answers, whether the vector field V is conservative or not?
Justify your answer.

4. The divergence theorem of Gauss can be written in the form
[[[veaav=[neAds
v s

where Vis a volume, S is the closed bounding surface of V and n is the outward unit normal
vector on S.

Verify this result for the vector field
A = 2xzi +yzj + 3yzk
if V is the finite volume bounded by the planesx =0, y=0, z=0, x=2, y=4, z = 3.

5. Find all the solutions of the equation

9 - 5.0%
atu(x,t) 56x2 u(x, 1), 0<x<15¢t>0

subject to the boundary conditions
u(0,1) o (15, =0, t>0

and the initial condition
u(x,0) = 25, 0<x<15



