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QUESTION 1

(a) Show that the diagonals of a rhombus are perpendicular. 6]
(b) Show that squares are the only rectangles with perpendicular diagonals.  [6)

(c) Find parametric equations for the tangent and normal lines to the curve C) :

r=t, y=t}, 2=1-1t -oo<t<oo, atthepoint(1,-1,2). 5]
(d) Prove that u(ux v) =u-(vxv)=u{vxu) =0 (3]
QUESTION 2

(a) Let u and v be vectors in space. Prove the Parallelogram Law,
[u+ v+ o~ v =2(ju* + |v]).

[5]

(b) Prove that —Sl—(A.B) = A.-qE + %.B, where A and B are differentiable func-
du duv du
tions of u. [5]
(c) Given the line
L: z=1—-4t y=-5-2 z2=-5-2 —00 < t < 00,

find the equation of the plane containing L and the point Py(—3,2,-2).  [§]

(d) Find parametric equations for the line in which the planes 3z — 6y — 2z = 15
and 2z +y — 2z = 5 intersect. [5]



QUESTION 3

(a) Find the length of the arc between (2,0, 0) and (0, 2, 0) of the curve curve traced
by r(f) =2 cosfi+2sinfj; 0 <6 < 2m [4]

(b) Let C be the curve traced by the vector function a costi+ a sintj + bt k, where
a and b are positive numbers. Find the curvature of the curve C. [4]

/
(c) Part of a railway line (superimposed on a rectangular coordinate system) follows
the line y = —x for z < 0, then turns to reach the point (4,0) following a cubic

curve. Find the equation of this curve if the track is continuous, smooth, and

has continuous curvature. [12]
QUESTION 4
(a) Let u(z,y,2) = zi — yj and v(z,y,2) = ___1_1__1 be vectors in space.
(22 +47)2
(i) Compute the divergence and the curl of u and v. [1,1,1,2]
(ii) Find the flow lines of u and v. [5,1]

(b) Determine the directional derivative of ¢(z,y) = 100 — 22— y? at the point (3,6)

in the direction of the unit vector @ = ai + bj. 13]

(c) Find the tangent plane and the normal line to the surface 2%y + zyz — 2* = 2

at the point FPy(1,1,3). 6]



(a)

QUESTION 5

By any method, find the outward flux of the field F = (622 + 2zy)i + (2y +
222)] + (422y®)k across the boundary of the region cut from the first octant by
the cylinder z* + y* = 9 and the plane z = 9. [10]

By any method, find the circulation of the field F = (22 +4?)i+ (z +v)j around
the triangle with vertices (1,0), (0,1), (-3,0) traversed in the counterclockwise

direction. [10]
QUESTION 6

Verify the divergence theorem for F = (2z — z)i + z%yj — z22Ki taken over the

region bounded by z =2,z =5,y=2,y =5, 2 =2, z = 5. [10]
Verify Green’s theorem in the plane for
# l2adz - (3y - 2)au),
c

where C is the closed curve (described in the positive direction) of the region

bounded by the curves y = z? and 3* = z. [10]



QUESTION 7

(a) Evaluate

(i) / 24Jy (z)dz 8]
(ii) /z3J3(3:)dsc 5]
o [y |

Gy [T | 3
(iv) f sin® 0d0, | i

0
where J;(z) and J3(z) are Bessel functions of the first kind of order 1 and

order 3, respectively.

(b) Evaluate

o0
et
f z™e” du;
0

where m and n are positive integers. 5]

END OF EXAMINATION



