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1. (a) Whether the interior of {(x, sin π
x
) : x ̸= 0 and x ∈ R} is non-empty in R2 ? 1

(b) Whether the set {(x, 1
x
) : x ̸= 0 and x ∈ R} is closed in R2 ? 1

(c) Whether (0, 0) is a saddle point of the function f(x, y) = (x− y)(x− y2)? 1

2. Show that the content of the set { 1
n
: n ∈ N} in [0, 1] is zero. 2

3. Let f : R2 → R be defined by

f(x, y) =


x2y

x2 − y2
if x2 ̸= y2,

0 otherwise.

Find all possible directions along which f has directional derivatives at (0, 0). 3

4. Let f : R2 → R be defined by

f(x, y) =

x2y2
x− y

x2 + y2
if x2 + y2 ̸= 0,

0 otherwise.

Examine whether fxy(0, 0) = fyx(0, 0). 4

5. Let f : R2 → R be defined by

f(x, y) =


x3

x2 + y2
sin

(
1

x2+y2

)
if x2 + y2 ̸= 0,

0 otherwise.

Show that f is continuous at (0, 0). 3

6. Let A =
1∫
0

e−x2
dx. Show that

∫ 1

0

∫ x

0
e−t2dtdx = A+ 1

2

(
1
e
− 1

)
. 4

7. Let f(x, y, z) = xyz and S = {(x, y, z) : x2 + y2 + z2 = 6}. Use Lagrange multiplier
method to find maximum and minimum values of f on S. 5

P.T.O.



8. Evaluate the double integral
∫∫
D

√
x+ y(y−2x)2dydx over the domain D bounded by

x = 0, y = 0, and x+ y = 1. 5

9. Let C be the intersection of the cylinder x2 + y2 = 1 with plane x + 2y + 3z = 3
which is parameterised by R. Let F be a vector field with curlF = i + 2j − αk for
some α ∈ R. If

∮
C

F · dR = −3π
2
, then find α. 5

10. Evaluate the line integral
∮
C

2xyzdx + x2zdy + x2ydz, where C is parametrised by

R(t) = cos t i+ t
2π

j + sin t k, 0 < t < π
2
. 3

11. Find the area of the surface z = 2xy inside the cylinder x2 + y2 = 2. 4

12. Evaluate the line integral
∮
C

xydx + 2x2dy, where C is the line joining (−2, 0) and

(2, 0) and the upper half of the circle x2 + y2 = 4. 4
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