UNDERGRADUATE FOURTH SEMESTER (HONOURS) EXAMINATIONS, 2022

Subject: Mathematics Course ID: 42112
Course Code: SH/MTH/402/C-9 Course Title: Multivariate Calculus
Full Marks: 40 Time: 2 Hours

The figures in the margin indicate the full marks
Notations and symbols have their usual meaning

1. Answer any five of the following questions: (2x5=10)

2
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a) Show that (x,yl)lir%o,o) X292+ (x—y)?

2
does not exist.

b) If z=2xe*,where x = tz,yz%, find %at t= 1.

c) Iff(x,y) = x|x| + |y| forall (x,y)eR?, then test the differentiability of f at the origin.
d) Find the directional derivative of f(x,y,z) = xy + yz + zx along (i + 2j + k) at (1,2,0).
e) Integrate [[ 2 sin@ drd6 over upper half of the circle r = 2a cos 6.

f) Show that%gﬁc(Xdy — Ydx) represents the area bounded by the simple closed curve C on

a plane.
g) Find the equation of the tangent plane to the surface x? + y? + (z + 1)2 = 10 at the
point (2,—1,2).
h) Showthat 7V r"™ =nr" 27, where 7 =xi + yJ 4+ zk and r =7
2. Answer any four of the following questions: (5x 4 = 20)
a) Find the extrema of the function f given by f(x,y) = sinx siny sin(x + y) over E where

E={(xy):x=20y>0x+y<m}.
b) If U € R? and the function f: U — R is such that only one ofg—i and Z—; exists and the other

is continuous at a point (a, b) € U then prove that f is differentiable at (a, b).

c) Changing the order of integration prove that

X

f [ LY _ 1@ - p(0)]
) ) Ja=n6-»

d) Using polar transformation, evaluate

0 0

where 0 < a < g

e) Show that

fff dx dy dz _1[1 5 5]
y A+x+y+2)3 2 o8 8



where V is the region bounded by the coordinate planes x =0, y = 0, z = 0 and the
plane x+y+z=1.

f) Use Stokes' theorem to show that

jg.(y dx + zdy + x dz) = —2V2 na?
c

where C is the curve of intersection of the sphere x? + y2 4+ z2 — 2ax —2ay = 0 and the

plane x +y = 2a.

3. Answer any one of the following questions: (10x 1 = 10)
a) (i) Define repeated limits of a double variable function. Does the existence of the repeated

limits imply the existence of the double limit? Justify your answer.

2 2 2
(ii) Compute the volume V, common to the ellipsoid of revolution x—z +2Z +Z = 1and the
a b2 = 2

cylinder x2 + y2 — ay = 0. 5+5

b) (i) Verify Green's theorem in the plane for

ff[(3x2 + 2y)dx — (x + 3 cosy) dy],
c

where C is the boundary of the region enclosed by the parallelogram having vertices at
(0,0),(2,0),(3,1) and (1, 1).
(i) If z=xf(x+y)+ yg(x+y), prove that
0%z ., 0%z N 0%z
d0x? dxdy dy?

where f and g are two differentiable functions.

= 0.

iii) If @ isaconstantvectorand 7 =x1 + yJ + zk , prove that (E)-ﬁ)? =a.
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