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MATHEMATICS

(Honours Core)
Paper : MAT-HC-4016
( Multivariate Calculus)
| Full Marks : 80
Time : Three hours

The figures in the margin indicate
full marks for the questions.

1. Answer the following questions as directed :
1x10=10

(@) It f(x,y)=In(y-x), then find domain
of it.

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

(c) Find f, if f(x,y):(sinxz)cosy.
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d) 1f i y) = sinxy, then df is

|
(i) ycosxyds+xcos xy dy ¢I "~ (g) The curl of a vector field

(it)  ycosxy dy+ xcos xy dx ' 1‘ V(% y 2) =ulx 9, 2)i+v(x u 2)J
(i) ycosxdx+xcosydy - | +w(x, Yy, z)k is
(iv) cosxy_dxghcos_xydy, | i '6w+gy_ - ou_ow .-+ av+au | y
(Choose the correct option) \{ 0y 0z 0z.  0X 7 ox oY)
: | ‘
o(x, y) |
(e) Evaluate voedlt ) , | 0 0 ou 0 ou |
a(r, 0) for the transformation | (1) (iw-":z i+ —'(i’li_(iw ks Qv__gz k
X =rcos@,y=rsind | ‘ et o e
) = . |
i
- : | e GG G e G
0] If Py (x9,Yo) is a critical point of ; () (gz‘* 6y]1+ EERE Jf 7 755—5; k
sl e o R S i
partial derivatives in a disk centered at (iv) [Eﬁ—ﬂ] i+(av 4 owJ .+(ow _ou)
YOG ox .0z

()Co’y()) and szjocfyy_"fQ az ay

xy>» then a

relative minimum occurs at- Py, if (Choose the correct optior)
@)+ Dxs; yo) >0 and T (xo, U ) <0 ‘ (h) Define work as a line integral.
@ D(x0,Yo)>0and fie (O Yo) > O (i) State Green’s theorem on a simply

& Bl Pl : | connected region D.
0> J0 arly .
Ty (xo, Yoiel () If a vector field F and curl F are both
(iv) D(xo,Yo) <0 and ey )>0 | ~ continuous in a simply connected
' YD region D on R3, then Fis conservative
| in D if curl F#0. State whether this
3 (Sem-4/CBCS) MAT HC 1/G 2 statement is true or false.

(Choose the correct option)
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2. Answer the following questions :
2x5=10

(@) Show that the function fis continuous
at (0, O) where

Al

Y Sin—
f(X,y)= Y x ’
L0 =)

x#0

(b) Compute the slope of the tangent line
to the graph of f(x,y)=x?sin (x+1y)

at the point P [g-, g—, O) in the direction
paral_lel to the XZ plane.

2xYy
x2+1

(c) Evaluate ” dA where 0 < x < 1',
3 R

1<y <3.

(d) Show that div F=0 and curl F=0, if F
is a constant vector field.

2
I 8x?yz3dxdydz .
i

(e) Evaluate

Ot N
ot—
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3. Answer any four questions : 5x4=20

-~

| aw : y ‘-
(a)' (l) Flnd o7 where w:egxfy-.-Szz and

x=r+s_t,y—_-2r-—33, Z—COSTSb

3
- : +y
1 l does
(ii) Show that i y)l—ril(o, S0,
not exist. 2

(b) (i) If f has a relative extremum at

B (‘xo, Yo) and both f and fy exist
Sat (gl then prove that

fx(xo:yo)=fy(xo: Yo)=0. 2

(i) Discuss the nature of the critical
points of the function

fry)=(-2f+@-3)" 3

(c) Use a polar double integral to show
that a sphere of radius a has volume
) _

S a
8
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(d) An object moves in the force field

F = y?i +2(x+1)yj. How much work is

performed as the object moves from the
point (2, 0) counterclockwise along the

elliptical path x*+4y? =4 to (0, 1),

then back to (2,0) along the line
segment joining the two points.

(e) () Evaluate [(x?+y?)dx+2xydy
C

where C is the quarter circle
x2 +y? =1 from-(1,0) to (0, 1).
3
(ii)) A wire has the shape of the curve
S — sint,‘ U = CaSIT ¥z —COS I TOT
O<t<n. If the wire has density

5(x, y, 2)=xyz at each point

' (x, Y, z), find its mass. 2

(f)  Find the volume of the solid in the first
octant that is bounded by the cylinder

x? +y? =2y, the half cone

z = x> +y? and the xy-plane.
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4. Answer the following questions : 10x4=40

(@ (1

Let f(x; y) be a function that is

differentiable at B (%, Yo). Prove

that f has a directional derivative
in the direction of the unit vector

U =ui+u,j given by

Duf(xo’ Yo) = fr (%o Yo )t W iy (xo: Yo)Us

(i)

- (@)

(1)
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3

Find the directional derivative of
Tl )= ln(x2 +y2) At R (5= 3)
in the direction of v = 2i —3j using
the gradient formula. S

Find the equations of the tangent
plane and the normal line to the

cone z2?=x2+y? at the point
where x=3,y=4 and z>0. |
4

OR

Prove that if f(x,Y) is

differentiable at (%o, Yo), then it

is continuous there. 4

Contd.




(b)

@)

U

(@)

When two resistances R; and R,
are connected in parallel, the total

1 1.

. L 5 l
resistance R satisfies —=— + —

Rl RZ :

If Ry is measured as 300 ohms
with a maximum error of 2% and
R, is measured as 500 ohms with
a maximum error of 3%, then find
the maximum percentage error in
R. : 6

‘Use the method of Lagrange
multipliers to minimize

f(X, y)=x?—xy+2y* subject to

e = 5

Find all relative extrema and

saddle points on the graph. of

f(x; y):x2y4' 5
OR

Find the absolute extrema of the

~ function f(x, y)= 6?2“3’2 over the

disk x? +_y2 <. 6
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(@)

(e (i)

(@)
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Suppose E be an extreme value of -
f subject to the constraint

giay)=—c" that the

Lagrange multiplier A is the rate

of change of E with respect to C.
4

Prove

y e
Evaluate [ _‘-0 G yyx? +y? dydx
0

by converting to polaf coordinates.
)

Evaluate Ij I e_z dv where D'is the
D

region described by the inequalities
0<x<1l, 0<sy<x and

Q= ves=the Ry : S
OR

Find the volume of the solid
bounded above by the plane z=y
and below in the xy-plane by the

part of the disk x?+y? <1 in the
Ist quadrant. S

9 Contd.




(b)

(i)

(i)

(1)

When two resistances R; and R,
are connected in parallel, the total

1 18

resistance R satisfies — = — + —

Rl R2 ‘

If Ry is measured as 300 ohms
with a maximum error of 2% and
R; is measured as 500 ohms with
a maximum error of 3%, then find
the maximum percentage error in
R. : 6

‘Use the method of Lagrange
multipliers to minimize

f(x, Y)= x>~ xy+2y> subject to

Ohesr =220 5

Find all relative extrema and
saddle pOil’ltS on the graph. of

o) = 5
OR

Find the absolute extrema of the

~ function f(x,y)= e’_‘2“yz over the

disk x2+y*<1. : 6
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(@)

© @

(W)
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Suppose E be an extreme value of
f subject to the constraint

g(oay) =4
Lagrange multiplier A is the rate

of change of E with respect to C.
4

Prove that the

20
Evaluate [ |, 5 P P ayax
0}

by converting to polaf coordinates.
S

Evaluate ,{ j _[ e*dv where Dis the
D

region described by the inequalities

(O)=570 5 5T s 4 ! 5
OR

Find the volume of the solid
bounded above by the plane z=y
and below in the xy-plane by the

part of the disk x2+y? <1 in the
Ist quadrant. S

Contd.




(d)

(it)

()

Evaluate : m‘xdv where D is the
D

solid in the Ist octant bounded
by the cylinder x? + y2 =4 and the
plane 2y+z=4. 5

Let C be a piecewise smooth curve
that is parameterized by a vector
function R(t) for a<t<b and let

Frbeltal vectorfie] dStha s
continuous on C. If fis a scalar

function such that F =Vf, then

'proﬁe that IF-dR = f(Q)- f(P)
& :

where Q=R (b) and P:R(a) are

the end points of C.
Using it evaluate the line integral

IF,dR , where
c

F :V(ex siny—xy—Qy) el (6 4
the path described by

R(t) = {ti‘ sin%t} 70 Ecas(%t * %H :

for O =t =1 o+3=8
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i)

(t)

(i)
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Determine whether the vector

field F(x, y)z(ny_l)"“z_x_J i
(y+1)

conservative. 2

OR

Evaluate ch) (—;: y2dx + zdy + xdz]
@

where Cis the curve of intersection
of the plane x+z=1 and the

ellipsoid x? + 2y° + 22 =1, oriented
counterclockwise as viewed from

~ above. 6

Evaluate ”F _NdS where
S

F = x2% + xyj+x°y’k and Sis the
surface of the tetrahedron
bounded by the plane x+y+z =1
and the coordinate planes with

outward unit normal vector N.
4
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