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ANSWER ALL QUESTIONS

Q1

Q2

Q3

Q4

Sketch the surface area of the solid region bounded by the cone z = \/x? + y2 — 4 and
the plane z = 4.

(3 marks)

Use the Divergence theorem to evaluate

where F = (x ‘“‘,y",6:> and S'is the entire surface of the solid region bounded by the
cone z =/x? + y2 — 4 and the plane z = 4. Take 7 to be the outward unit normal.

(8 marks)
Verify the Stoke’s theorem

ﬂ(ﬁxﬁ)-ﬁdS: fﬁ-df
3 E

for the vector field F = (4y, x?,23) and C is the perimeter of a closed triangle of the
plane 6x + 3y + z = 9 in the first octant and counterclockwise when viewed from the
positive z-axis. Take 7 to be the outward unit normal.

(14 marks)
F =(z+ ye*,2ye®, x) is a vector field.

(a) Show that F obeys V x £ = 0.
(2 marks)

(b) Then, find a corresponding scalar potential function ¢, such that F = V.

(5 marks)

(c) What can be concluded about the line integral

B
f F-di?
A
(1 mark)
(d) Calculate the work done in moving an object in this field from A(0,—1,4) to
B(3,2,1).

(2 marks)
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Qs

Q6

Q7

Q8

Q9

Q10

Q11

Q12

Evaluate
J[y — cos(x)]dx + sin(x) dy,
' #3

where C' is the perimeter of the triangle formed by the lines y=Lx=2andy = 2x?
using Green'’s theorem. Sketch the triangle formed by the lines in your answers.

(8 marks)

Compute
f 2 dx — xy dy
c2
where C is the line segment from (3, 4) to (2. 1).

(4 marks)

Suppose that a particle travels along a circular helix in 3-space so that its position vector
7(t) = (2 cosmt, 2 sinmt, t). Calculate the displacement and distance travelled by the
particle during the time interval 2 < t < 5.

(6 marks)

An ant moves around a vase in such a way that its position vector at time ¢ is
7(t) =(2cost,2sint). Show that at each instant the acceleration vector is
perpendicular to the velocity vector.

(3 marks)

Suppose that a particle moves through 3-dimensional space along the curve
7(t) = (2t, —2t3, cos 4t) and that it is subjected to a force of F = (x2, —4y, yz) when
it is at the point (x, ¥.z). Find F interms of ¢ for points on the path.

(3 marks)
Given an equation ¢(x, y,z) = 3x® — y?In z. Calculate V - Ve at point (1.2,1).
q
(4 marks)

Find a unit normal vector to the surface yx? — 2xz = 4 at the point (2, -2, 3).

(4 marks)

If B = (zInx,—2x? cos 2y, 2zx), compute curl B,
(3 marks)
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Q13 If #(z) = (sin3t,In 2t + ", 6t*), calculate the vector #/(r,) when 1, = g

(2 marks)
Q14 The equation of a curve is given by x = a cos t,y=asint,z =t. Find

(a) the curvature x.
(6 marks)

(b)  the radius of curvature p.
(2 marks)

- END OF QUESTIONS -
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APPENDIX A
Formula:
dr/dt _dr/dt
== llar/dt]| = llar/az)
_lldT/dt]| —_— HGETEG]|
lldr/dt]| LA GIE
_ 18
P = K
_lldB/dt]|
lldr/dt]|
1
g=-—
T
B =T N

J-.f(x, V,z)ds = J: (%, y,z}\/ [x'(z‘)]1 -1-[_*1”(t)]2 +[:'(t)]2 dr

s denotes the arc length,

S—J.a’s—_[ \/ T.(l) 1(r) [ )]”dt

IP(r WiZ) dx~J (1(1) w(i1). (r)) xX'(1) dt
JQ(_.\'._ ¥,2)dx= J:_r O (x(0), ¥(1).2(0)) ¥'(¢) di

IR(r ¥,2) dx—_[ R(x(0), p(1), 2(1)) 2'(¢) dir

[ F-di=[[(vxF) ids

where di* = (dx, dy, dz) and F(x,y,z) = (P(x, v, 2),P(x, ¥, 2), P(x.V, 2))

Vo, -V, =V [|[Vh.|cos@ where ¢ . ¢, is differentiable vector functions of x, y-and =.
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