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ELECTIVE COURSE : MATHEMATICS
MTE-07 : ADVANCED CALCULUS

Time : 2 hours » Maximum Marks : 50
(Weightage : 70%)

- Note: Question no. 1 is compulsory. Attempt any
four questions - out of the remaining. Use of
calculators is not allowed.

1. State whether the following statements are True
or False. Justify your answers. 5x2=10

(a) The function f: R? - R, given by
f(x, y) = | x| + |y| is differentiable at (2, 3).

(b) The domain of f+gis RZ—-{(0, 0)}, where

f(x,y)=x+l andg(x,y):l.
y X

(c) . The function f(x, y) = % is a homogeneous
function.

(d) The level curves of the function

fix,y) = X are lines.
y
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(e)

2. (a)
(b)
(©
3. (a)
(b)
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The function f: [- 1, 1] x [- 2, 2] - R,
defined by
- flx, y) = x, if y is rational
= 0, if y is not rational

is integrable.

Show that the limit of the function

3
flx,y) = ——33-—}531—2— does not exist
X +2y

as (x,y) - (0, 0).

Locate and classify the stationary points of
the function f(x, y) = 4xy — x* — y%.

Show that the closed sphere with centre

(2, 3, 7) and radius 10 in R3 is contained in
the open cube

P={xy,2): |x-2] <11, |y-3]| <11,
|z-7] <11}

If

fix,y,z) = (%, e2X+Y z + 2),

g(x, y, z) = (3x2, y2, 5x — z2) and F = fog,

verify that

Jp(1,2,1)=J5(3,4,4). I, (1,2, 1).

Use cylindrical coordinates to find the
volume of a solid region in R? bounded above
by the upper hemisphere of x2 + y2 + z2 = 25,
below by the plane z = 0, and on the sides by
the cylinder x2 + y2 = 9. Draw a suitable
sketch indicating the region.
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4. (a)

(b)

(©)

5. (a)

(b)
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Check whether the function

4X2y
fx,¥) = {4x% 132’ (x,5)#(0,0)
0 (x,5)=(0,0)
is continuous at 0, 0)? P

If fix, y)is a homogeneous function of degree

n with continuous second order -partial
derivatives, show that f; is a homogeneous

function of degreen — 1. 4
Consider the equation

F(x,y)=x?+y5 - 16 xy3 - 1=0.

Using the Implicit function theorem, show
that there exists a differential function gin a
neighbourhood of 1 such that g(1) = 2 and
F(g(y), y) = 0 in a neighbourhood of (2, 1). 2

Calculate the work done by the force F in
moving a particle along the line segment

from (2, 1) to (— 4, 2), if

F(x,y) = x2 + 4xy + 4y?, 2x2 + 8xy + 8y2). 5
Evaluate
3 9 - x?
J'_ J. In(1+ x2 +y2)dy dx
0 0
by reversing the order of integration. 5
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6. (a) Using Green’s theorem, find the area of the
triangle with vertices (1, 1), (4, 1) and (4, 9).

(b) Find £ (0, 0) and f (%, y), where (x, y) # (0, 0)

for the function
5 = 0,0
fix, y) = {x2 + y2
0,  (xy=000),

if they exist. Is f; continuous at (0, 0) ?

7. (a) Evaluate:

1-cosx

(i) Hhm 5

x>0 gin x

(i) lm (tan x)0*

x—>0"

(b) Determine whether the following maps are
locally invertible at the given points.

1) F&y)=(9,Ilnx)at(1,4)
() F(x,y) =(2xy, x2-y2) at (2,-3)
() If
S= {x + 1
2x

give an upper bound and a lower bound of S.

0<.x<1},
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Fiz: ¥e7 . 1 HfAETd & | 99 597 7 8 feT aR F I
Ty | Fegpeiet] F FAT F F1 AT TEE |

- 1. wag 6 fafofen w7 v & o oy | s
I <t gfte i | 5x2=10

(%) fix,y)=|x| + |y| g Rewia wew
£:R%2 5 R, (2, 3) T JGHH 2 |

(@) f+g 3@ R%-((0, 0)} B, &
ﬂx,y)=x‘+-;:3ﬂtg(x,y)=;1{—.

(ﬁ) HeH fx, y) = e¥2Y U AU B & |

(a1) Wﬁx,y)=§%tﬁtw,%@r€§|
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(¥) fix,y)=x, 3 yoiaT &
=0,?1ﬁ{ yqﬂaﬂqﬁ%

g/ afnfid ®ed £ - 1,11 x [ 2,21 > R
THHHIT & |

2. (%) fommu i

(x,y) - (0, 0) B T B |
' 3
fix, y) = 63xy23ﬁ'5ﬁﬂ1$[31'@lc—q'?€f

X +2y

BT |

(@) % fix, y) = 4xy — x* — y* & o fargall =1
TdT ST 3R Ffieha hR |

() femmw f6 R ¥ ¥ (2, 3, 7) 3k fi==n 10
qren w94 e, faga W=
P={xy,2): |x-2| <11, |y-3]| <11,

|z-7] <11}
T anfase & |
3. (%) 3l

fix,y, z) = (%, e2X+Y, 7 + 2),
g(x, v, z) = (3x2, y2, 5x—z2)3ﬁ'{F=fog,
% gentia Fife &% |
Jp(1,2,1)=J;(3,4,4).J,(,2,1).

(@) Wﬁﬁﬁx2+y2+z2=2y5aﬁmﬁ31ﬁ"ﬁﬁ
AR 2 I 3 A Tuae z = 0@ R I WH
q 99 x2 + y2 = 9 @ IfFg R? & wAIHfa oW
H ARG ST FRWH w1 TN % |
HINT | 9 B g % fore w 3@ fam off
15T |
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4. (+)

(@)

(m) -

4X2y |
fx9) = {45 + 32 (x,y)#(0,0)

0, (x,5)=(0,0)
(0, 0) T Tad & 41 &l ? 4

IR fix, y) 91d n a1 Tk GHATG o @ forde
fefm =fe & i oo waa &, o«
famse £ £, 9 n - 1 1N THEE SO A
2 | | 4
e icoul

Fx,y)=x5+y°-16xy3-1=0

i | T woT g @ Rany 1 ®
YAy § U W AT e g B AT

B & fms e g =23 2, 1) S sREw
¥ F(g(y), y) = 0. 2

@2, DA (4,27 F @GS F ERY &
R A TH K §@ F gl e o ee

(@)

MTE-07

F(x, y) = (x2 + 4xy + 4y?, 2x2 + 8xy + 8y2). 5
TR % 0 § IREdT 9 % 91Q
3 Jo-x2

I ‘I)'ln 1 +x2 +y?)dy dx

0 ’0

T YR HINT | , 5
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6.

(%) eI HINT :

() M9 ™ &1 =@ w1 MY (1, 1), @4, 1) IR
(4, 9) atet BIs 1 &Awat Fa IR |

(@) %o
3

Xy
b ( 9 )¢(0,0)
fx, y) = {52 4 y2 %y
07 (Xy Y):(O’ 0)

% T £0, 0) 3N f(x, y) T@ hifg, =l
(x, y) # (0, 0), A Ih Af&d & | @ =N
f,, (0, 0) W Tad & |

@ m 1- cos2x

x>0 sinx

(ii) lim (tanx)®¥

x>0t

(@) T B B Ry Regell W Aekiie
yiafes Tenfaea: sgopaui § 1 7

@O QORFE,y) =9, Inx)
(i) (2,-3)WMFR,y) = (2xy, x2 - y2)

(m af

S={x+—1—
2

X

79 5 %1 ITR TRy s B They Tame |

0<x<1},

2
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