1 (Sem-5/FYUGP) MAT 41 MJ

2025

( Multivariate Calculus )
Full Marks : 60

Time : 2% hours

The figures in the margin indicate full marks
for the questions

1. Answer the following as directed : 1x8=8

(a) If

il
Y =———
lo—x2 - 42

then find the domain of it.

(b) Define level curve of a function f(x, y) at
a constant c. ]

() Find f, if f(x, g =x2sin@x+y°).
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(2)
(d) If f(x y)=tan XY, then df is
(i) ysec? xydy + xsec? Xy dx
it) ysec:2-chg,,u:ichsec2 xydy
(if) sec? xydx +sec? xydy
(iv) sec? xdy +sec? ydx
( Choose the correct answer )

(e) If By (xo, Yo) is a critical point of f(x, g
and f has continuous 2nd-order partial
derivatives in a disk centered at (xg, yp)
and D =318 T —f,é, then a relative

maximum occurs at Py, if

() D(xo, Yo) >0 and f,, (xo, yo) >0 s L

(@) D(xq, yo) >0 and fyy )
(ill) D(XOJ yo) <0 and fyy (x(): yo) >0
(v} D(xO: Yo) <0 and fyy (x0» Yo) <0

( Choose the correct answer )

() Find the Jacobian of the transformation
from Cartesian coordinate

\ to polar
coordinate system. i

(g) State when a vector field C is said to b
conservative, g
(h) Find curl of the vector field

=5
Vs 4 2=ux y 2i+u(x y 2 j+w(x y 2k
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2. Answer any six of the following questions :

2x6=12

(a) Show that

2
i X
lim 7 Y >
(x,y)—(0,0) x " +y

does not exist.

(b) Compute the slope of the tangent line to
the graph of f(x y)=xIn(x +y2) at the

. f Py(e, 0,—€) in the direction
= N pomt o\S M
3&)"“ Cof(g _ parallel to the XZ-plane.

Find the critical point of -

e v=x-2%+y-3*

;‘// and classify them.

'(d) Find Hxsin xydA where

R
R ={(x y):0<x<m 0<sy<l}

(e) IfF = Vf is the gradient of the function
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1
2

XY, 2) = = oo,
fxy x2+y2+z

then by using fundamental theorem of

i
line integral, find the work done by F
along the smooth curve Cjoining (1, 0, 0)
to (0, 0, 2) that not passes through the

origin.
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() Evaluate _f: f J.S x2y2z2 dxdydz.

(9) Find a parametrization of the cylinder
. x?2+@-32=9,0<z<5,

() Find divﬁ", given that ﬁ"=Vf where
fxy 2)=x?yz>.

(i) State Green’s theorem.

() Evaluate fc(x +y)dx if C be the curve

represented by x=2t, y= 3t2, O0<t=<l

Answer any four of the following questions :

3.
Sx4
ow Jw .
(a) Express = and — in terms of r and s
r s
if w=x+2y+zz,x=£, y=r21ns,
S
Z =T
(b) Show that
2xy
s d={rg 7 5200
0 » (% Y)=(0, 0)
Is continuous at every point except at
the origin.
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Find the equation of the tangent plane
and the normal line at Fy(l, -1 2) on
the  surface ST 1S I o1 Ve S by

x2y+y2z+ z%x =5.

Find all critical points on the grrgaph
f(x y)=8x3 -24xy+y3 and use the

second partial test to classify as a
relative extrema or a saddle point.

Find the work done by the force field

—

F‘=(x2+y2)z"'+(x+y)}' as an object

moves counter clockwise along the
circle x? +y2 =1 from (1, 0) to (-1, 0) and
then back to (1, 0) along the x-axis.

Evaluate J‘cﬁ: .dr where

E =(y2 —zz)f' +2yz}'—x21§

and Cis curve defined parametrically by
x=t2,y=2t z=t for 0st <1

Find the mass of a lamina of density

ety Rz)= z) ingthelSshapesSotstlie
i
hemisphere z=(a? S ——y?)2.
Evaluate the integral
1 w1-x2
bR oy aa
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4. Answer any two of the following questions :
10x2=20

(a) (i) Suppose the function [ is
differentiable at the point Po and
that the gradient at Py sansﬁes

Vfo #0. Then show that Vf is

& umt vector perpendicular to both
A /3—1—2j+3kandw—1+_] k. Find
ot /
W/” the directional derivative of f at
By (L —12)'in" the direction of u. 5
{b) Show that the vector field
F = 2x(y +22)i +2x2 y_;+3x z%k

is conservative. Also find its scalar
potentials. 4+6=10

{c) Evaluate
ij (x? +y? + z*)dxdydz

where D denotes the region bounded by
x=0,y=0,z=0and x+y+z=a,a>0. 10

(d) Use the method of Lagrange s multiplier
to minimize

fxy=16-x> -y
subject to x +2y =6. 10
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(e) (i) State divergence theorem. By using
divergence theorem, evaluate

> =
ISF . NdS where

—> A ~ A
F =x?] +xgj+x3y3k

and S is the surface of the
tetrahedron bounded by the plane

x+y+z=1 and the coordinate
planes with outward unit normal
vector Rf 1+5=6

(i) Find the area of the region D
bounded above the line y=x and

below by the circle x? +y2 -2y =0. 4
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