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MATHEMATICS
( Minor )

Paper : MAT0500504

( Multivariate Calculus )

( Set-A )
Full Marks : 60
Time : 2% hours
The figures in the margin indicate full marks
Jor the questions.

1. Choose the correct answer/Answer the
following : 1x8=8
Tore AT W% Sedch! AR Tfiear /e i

(@) The function f(x, y)=x-y is continuous
at the point (0, 0). The statement

foy)=x-y TWE (0,0) Rye wRftzw |
SR

(i) is true / 51

(i) is false / Rw

(i) It depends on path / *I%¥ €9F% NS
(iv) Undefined / SPigmifRe
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(2)

(b) If z=x%+y? and x=rcosh, y=rsinb,

then % =
or

z=x2+y? 9% x=rcosh, y=rsind 2’7,

o 22
or

(i 2r
(i) 26
(iii) 12
(iv) O
(c} Total derivative of z = xy is
z = xy< o §ETS T
()  xdy+ydx
(i) dx+dy
(i) xydx
(iv) dx-dy
(d) If f(xy z)=x2+y? +22, then gradient
of f(xy z)is
MW oy 2)=x2+y%+2° =|, (um
flx y z)3 afdas 2'=
(i) xi+yj+zk
(ii) 2xi +2yj+2zk
(i) i+j+k
(iv) O
26A/121 { Continued ).



(3)

(e) Find the divergence of F=x +yj + zk.

F = xd +yj + zk T SiXewss fds 1 |

() For f(x, y) = x? +y?, the critical point is
F(% y) = x? +y? TR 96 R 2]
) (L1)
@ (0,0) -
(i) (2,2)
(iv) (-1 -1)

@ 1 F =Vf, where f(x y 2)=x* +y? +2,

then VxF = ?

M F=Vf, TS flxy2)=x2+y2+22,
@ VxF =

i) o

i 3

(i) xi +yj+zk
(iv) None of the above
89{T I8 A=W
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(4)

(h) Write the necessary condition that f(x, y)
to have extreme value at point (g, b).

f(x y) FHROR (q b) R® 54 I CIRR
TR T B |

2. Answer any six from the following questions :

2x6=12
S 2feIRS R Pl = Ted faw
@ I fxy)=["~2, then find f(5y) at
*1+t
point (—/2, v2).
S5 y)= [ @@ (2,42) R
£ y)3 = Fefa 40

(b) If f(xy z)=x%ye® +(x+y-2)%, then
find f(1, -1,0).

M f(xy 2) = x%ye?* +(x+y-2)%, @
(1, -1,0)3 I+ fefa 1 |

(¢) If f(x y)=sin"!(xy), then find f, at the
- point (1, 1).

M flxoy) =sin"xy), =@ £, T (L, 1)
e fAdfg 411
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(5)

(d) Find the local extreme values of
fl6y)=xy.

£ (% y) = xy TOOR TAT 539 T fefq 7471 |

(€ 1f Fixy)=(x*-y)i+(y-y?)]j, then
fmddivl_?). ‘
- ’S LY
M Fxy)=(x2-y)i+y-y?)j, ==
div F fefq 91 |

1] ShowA that
MYST @
V- (0V)=(V)-V +6(V-V)

(g Find the domain of the following
function :

Y TR SIfcRd e 4 :
1

F6Y)=rm—=
/9—x2—y2

(h) Explain the meaning of ‘level surface’
with an example.

STren o 9, STRIR TS T 391
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(6)

() If z=x2%y+y, then show that

%z _ 9%’z
dxdy dYyodx

M z=x2y+y, @ (YA A

9%z = 9%z
dxdy dyodx

() Find the' directional derivative of
flx, y)=x2 +y at the point (L 1) in the
direction of 1 +3‘.

i+J3 o fg y)=x2+y FWOR (1, 1)

Reqe frre e fRefa 341
3. Answer any four from the following
questions : 5x4=20
TR 2R R e sifeR T fam

(a) Examine whether the function

f(x,y,={x2+4y, if (o y)(12)
0, if (xy)=(12)

is continuous at the point (1, 2).

R T (L 2) Re wRfen = R
9l

f(x,y)={"2+4y’ M (6 y)=(1,2)
0 , % (xy)=(L2)
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(7)

(b) Find divF, given that F =Vf, where

foy 2)=x?yz3.

I _f(J«:,_l,(,Z):xz;yz3 < 1—5‘)=—V’f, (ACT4]
divF fdfg 41 1

(c) Hw=[f(xy), x=rcosb, y=rsind (rand 6
are polar coordinates), then prove that

(3_W)2+L(3_W)2 =(a_w)2+ aw)”
or r2\ o0 ox dy

M w=f(xy), x=rcosd, y=rsind
(r SF 6 COIIETIR BISE), (08 N9 91 &

(?1”.)2+L(a_w)2 =(a_w)2+ aw)?
or r2\ 00 ox dy

(d) Find the directional derivative of
fxy) =2x2 - xy+5 at the point (1, 1) in

the direction of the unit vector

1,.2 .-
=(3i —-4j).
5( J)

U=
foy) =2x? -xy+5 FWOR (1,1) Ry
O a’=%(3§-43‘)a e frmre
oS e 0 | '
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(8)

(e) Find the maximum and minimum values
of x2 +y2 +6x+12.

x2 +y? +6x+12 FENOR ™ W Sy
W g 1 1
() Find the maximum and minimum values
- of the function f(x, y)=3x+4y on the
circle x? +y2 =1
fl6 y)=3x+4y FO0R x2 +y% =1 &1~
STeefe® o S SR I g 411

(9) If 7 =xi+yj+zk and r=|7| then prove
that

If ?=xf+y}'+zf€ e r=|?|, Co@ 299

WA
-
div[#) =4
(h) Find the curl of
V = (eyz)i +@x%y) j+ (e2? - y22)
at the point (2, -1, 1).
(2 -1 1) Re
V = (z)i +@x2y) j + 22 - y22) k7
curl g 7111
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(9)

4. Answer any two from the following questions :

10x2=20

S SRR R I o e e -

(a) () Use the method of Lagrange
multiplier to maximize
flxy)=16- x2-y?, subject to
x+2y=6. 6

e Iafe IR[E - IR
flxy)=16-x2 -y?3 ™ T Y
0, 9 x+2y =6.

M) If f(xyz)=xyz+x2y3z*, then

show that

fxyz =fyzx =fzxy 4
M fey2z)=xyz+x?y’z?, @
e @

fxyz ‘_‘fyzx =fzxy

(b) (i) Prove that the following function is

not continuous at the point (0,0): 5
3 3
x% +y
———~=_, when x#
fey)=7 x-y Y
0 , when x=y
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(c

26A/121

(@)

i

( 10 )

o9 ¥ @ e Fewco (0,0) R
wfftew 7= :
x3 +y3
fey={ x-y ’
' 0] , T8 x=y

TS x#y

Prove that y=f (x+at)+ g(x-at)
. 32 2 a
satisfies 29 = g2 2 ¥ , where f
ot2 ox?

and g are assumed to be at least
twice differentiable and a is a
constant. ‘ S

M f O g T 1 e RO T
I SF a 9B FIF W, (0@
AT M A y=f(x+at)+g(x-at)d

i (32 )#ﬁﬁml

ot? ox2

If u=f(r) and x=rcos@, y=rsin,
then prove that

u_ o%u_,

—+—— r)+=f'(r

2t gz =10 f() 6
?Tﬁ u=f(r) ¥ x=rcosb, y=rsin6,
CERMIFTNM A

?u_ ?u_,
— ';+—y——f (r)y+= f(r)
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(11)

(i) Find the directional derivative by
using gradient of f(x, y)=x2 sin2y

at the point (1, g) in the direction of
-> A -
V=3i-4]. 4

aftws wwn W, (LI)

£ 5 y)=x2 sin2y ¥R V =31 - 47
frere fitererS SIgeTe fRefa < 1

(d) () Find local extreme value of the
function

fxy)=xy-x2-y?-2x-2y+4 5

fley)=xy-x%-y?-2x-2y+4
FAICOR TN 5 T T 741 1

(i) Find the point upon the plane
ax+by+cz=P at which the
function f(x, y z)=x2 +y? +22 has
a minimum value and find this
minimum value. : - 5
ax+by+cz=P WoR e®e Ry
g 91 IS fl y, 2)=x2 +y% +22
TR TN FRAE = WIF @ SRR T

- g
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(12 )

() (i) Find the value of n for which the
vector r"7 is solenoidal, where

?=xf+y}'+zfc and |?|=r. 4
n3 YW A s I 7 ClEmEeE
3 CFq W, IO T = +yj +2zk T
|7 |=r.
(ii) Prove that
n 2_ 2 2
F =(y* -z* +3yz—-2x)i
+Bxz+2xy) j +Bxy-2xz+22) k

is both solenoidal and irrotational.
3+3=6

R s

B — (2 _ 2 s
F =({y“ -2z* +3yz-2x)1
+(Bxz+2xy) ] +(Bxy-2xz+22) k

CIENECE SIF 3CIMNOHE (939 CFg
37 |

* % %
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