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QUESTION 1

(a) Show that s
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Hence, show that

©sinh?d . 1 /p+1l g—
/051 de—-ﬁ(L—U).

cosh?@ 2"\ 2 ' 2
[10]
(b) Legendre’s differential equation is given by
(1—2%)P)(z) — 2P, (z) + n(n + 1) Pa(z) = 0.
Using this, or by any other method, prove that
/11 P,(z)P,(z)dz =0, if m#n.
[10]

QUESTION 2

(a) By any method, find the integral of H(z,y, z) = yz over the part of the sphere
7% + y2 + 2% = 16 that lies above the cone z = /22 + y2. 6]

(b) Find the work done in moving a particle in the counterclockwise direction once

2,2 )
around the ellipse % + %— = 1 if the force field is given by F = (3z — 4y)1 +

(4z + 2y)j — 4%k [4]

(¢) Find out which of the fields given below are conservative. For conservative

fields, find a potential function.

() F = (y22)i+ (z22)] + (z2y2)k. 2]

(ii) F = (e*siny)i+ (e cosy + sin 2)j + (y cos 2)k. 18]



'QUESTION 3

(a) Verify Stokes’ theorem for A = 3yi — z2j + y2%k, where S is the surface of the
paraboloid 2z = 2% + y® bounded by z = 2 and C is its boundary. [10]

(b) Evaluate / / A -7 dS, where A = zyi — 2] + (z + 2)k, S is that portion of the
s

plane 2z + 2y + z = 6 included in the first octant, and fi is the unit normal to
S. [10]

QUESTION 4

(a) Find the plane through FP(2, 1, —1) and perpendicular to the line of intersections
of the planes 2z + y— 2 =3 and 2+ 2y + 2= 2. 7]

I

(b) Find the distance from the point (3,—1,4) to the line z = 4 — ¢, Y
342,  z=-5+3t 6]

(c) Find the point of intersection of the lines
r=2t+1, y=3t+2, z=4t+3

and

z=28+2, y=2s-+4, z = —4s — 1,

and then find the plane determined by these lines. [7]



QUESTION 5

(a) Let u(z,y,2) = 2i — 3 and v(z,y,2) = ————u—l be vectors in space.
(z2 +y%)2
(i) Compute the divergence and the curl of u and v. 11,1,1,2]
(ii) Find the flow lines of u and v. [5,1]

(b) Determine the directional derivative of ¢(z, y) = 100 — z2 —y? at the point (3,6)

in the direction of the unit vector @i = ai + bj. [3]

(c) Find the tangent plane and the normal line to the surface z%y + zyz — 22 = 2

at the point Py(1,1,3). [6]
QUESTION 6

(a) Verify the divergence theorem for F = (22 — 2)i + z%yj — zz?Ki taken over the
region bounded by x =2,z =5,y=2,y=5,2=2, 2=5. [10]

(b) Verify Green’s theorem in the plane for
f [2zdz — (3y — z)dy],
c
where C is the closed curve (described in the positive direction) of the region
bounded by the curves y = z? and y* = z. [10]

QUESTION 7

(a) By any method, find the outward flux of the field F = (622 + 2zy)i + (2y +

222)j + (4z2y3)k across the boundary of the region cut from the first octant by
the cylinder 22 4+ y® = 9 and the plane z = 9. [10]

(b) By any method, find the circulation of the field F = (22 +y2)i+ (z +1y)]j around
the triangle with vertices (1,0), (0,1), (-3,0) traversed in the counterclockwise

direction. [10]
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