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MATHEMATICS — MDC
Paper : MN-§
(Advanced Calculus)

Full Marks : 75

The figures in the margin indicate full marks.

Candidates are required to give their answers in their own words
as far as practicable.

Throughout the question R denotes the set of real numbers and N denotes the set of natural numbers.

Group - A
- (Marks : 20)

1. Answer any four questions :

3n+1

(a) Define monotone sequence of real numbers. Examine whether the sequence a, =m, neN

is convergent. 243
(b) Prove that a Cauchy sequence of real numbers is bounded. Is converse true? Justify your answer.
2+1+2

(c) State Cauchy’s general principle of convergence of a sequence of real numbers. Prove that the

sequence {an}:;l, is not convergent, where a, =1+5+§+Z+...+;,neN . 243
' . 2.3 4
(d) Examine the convergence of the series —+—+—+—+.... 5
133557 79
a0 nz
(e) Examine the convergence ofvthe series E 2—" 5
n=1
22 3
(f) Test the convergence of the series l+ﬁ+§+§+“' 5

(g) State Leibnitz’s theorem for convergence of an alternating series. Investigate the convergence of
- n
n-1
20— i
o n“+1
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2. Answer any

(2)
Group-B
(Marks : 25)

Jive questions :

(@) State the Cauchys principle for the existence of lim f(x), where /: D < R —>Rbea function,
X=p¢

(®)

(c)

@)

(e)

H

(®
(h)

®

¢ € D' Hence show that lim cosl does not exist.

2+3

x=0 X

Evaluate : (i) Jip 1=C0sx (i) lim =3 342
30 sin‘ *3I\x -2 -4

2_
Find the value of <¢* for which the function Jx) = {xz L :; is continuous at the pointx =3,
ax,

Leff:[a,b]-—)R and

5
g:[a, 5] > R be continuous on [q, b] and let
Show that there exists

f(a) <gla), f(b)> 8(d).
a point ¢ in (q, b) such that J(c) = g(c). 5

4 i Check whether the function is continuous at x = (. Also investigate
» x=

for djffcremiability of the function at x = 0.

243
Show that l—"— <log(l+x) <xfor, Vx>0
+Xx

342
Show that Maclaurin’s infinite series expansion of the function ex ig given by :
x? x"
x —— — _— ey .
e =l+x+ 2!+...+ n!+ for all x e R 5



(3) (FY80h SmJ-Mathemarics-MDCOIMN-S/CCF)

Group - C
(Marks : }0)
3. Answer amy siv questions

3

@ Let flx )= :‘ Y <, (%, 1) # (0,0)., Discuss the existence of the limit of f(x, ») as (x, ») = (0,0).
X +)y°
5
(® Prove that the function
e i (x,))2(0,0)
Sxy)= ;]x' +y°

0 if (x,») =(0,0)

is continuous at the point (0, 0). -

(¢) Calculate partial derivatives f, and £, at (0, 0) of the function f(x,»)= Jxv|. Is the function
differentiable at (0, 0)? Justify your answer. 3+2

;& ai)y__ 3

(d) Let ¥=log(x3 +)3 + 23 - 3x)z2), then prove that (-&5 + 5)—2 + gf

(x+y+ 2%
(¢) State Schwarz's theorem for equality of mixed second order partial derivatives. Check whether

%3
Xy
fiy=fyx at (0, 0) for the function f(x,y)=1 x? +)? » (xy)e (0’0). 243

0, (x»=(00

() If ¥=cos™! Vfin , then verify that cos¥ is a homogeneous function of x and y of degree Y.
x4y

Hence prove xg-y—+ya—y+—l—cotV =0. 5
ax oy 2

(2) Given that z is a function of x, y and x =u +v, y = uv, prove that

o’z _, % 622_(x2_4 )a’-z &

g2 50 LB

Please Turn Over

(6327)
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dz
(h) Find 5 at r=2, when z=xy? + x%y, x=at?, y = 2at.

(i) Let z be a differentiable function of x and y. If x=r cos® and y =r sin®, then prove that

+——+ +—.
arz r ar r2 692 ax2 ayz
() If assume that the function f(x,y)=y? - yx? —2x° =0 uniquely defines y as a function of x, then

find & at(1,-1). 5

dx
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