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MATHEMATICS
Paper : MATHG/RC3036
( Real Analysis )

Full Marks : 80
Pass Marks : 32

Time : 3 hours

The figures in the margin indicate Jull marks
Jor the questions

1. Choose the correct answer of any six of the
following : ’ 1%6=6

wmﬁuwmswnnzmwmmﬁamm:

(@) Which of the following infinite sets is
countable?

SR @I ST RS SN
i) N
i) Q€
i) R

(iv) 1-1, 1[
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(2)

(b) The set (reQ : V25<r<\/5} has
{reQ: 2sr< |5} swafeq
() a maximum
B B g
(#) a minimum
(i) both a maximum ang a minim
B S A B R g -

(iv) neither a

. owame AR Feme w2

maximum nor 4

() Which one of the following statements
is not true? '

TR D BfE ey g0

() R is a complete ordered field
R 9Bt 5ot FRe g

(i) R is an ordered field
R <ot #RF o

(i) Q is a complete ordered field
Q Bt Pt T carg

(i) Q is an ordereq field
Q B Fhe crg
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(3)

(d) Which of the following statements do
? you think to be true?

wo (@ Bt vt I o2
! The cluster points of the set ]0, 1] are
‘ 10, 1{ =R FireR R
| (i) No points of the set |0, 1]
o 10, 1[ R @I R T
: (ii) Only the point O
&= 0
(iiij) Only the point 1
s @ 1
(iv) All points of the set [0, 1]
[0, 1] RIS wHIRFRG! g

(e) If 1 is the least upper bound of a
bounded sequence (a,), then which of
the following is not correct? (¢ is any
positive real number)

2 1 S B SR T O A W,
(o SR N SRl TG T (e B R
I TS IR FR)

i) a,<l VneN

(i) a,>l+e vneN

fi) ay<l+e VneN

iy 3neN such that a, >1-¢€
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(9)

24KB/88

( 4)

What type of sequence is {a,)? ‘ )
(@n) TN R o4PRA? ;
where (IS)
2n-7
3n+2
(i) Oscillatory
e

(fi) Monotonically increasing

8 I

(iii) Monotonically decreasing

«FE ZFEm

(iv) Unbounded
goifem

What is the limit of the sequence (a,)? | @
(@) SIETER A Reme
Where (I9)

i 1
(i) O
i) +1

(iv) Doesn’t exist /fi@ T
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A given geometric series is

( 5

A8 FrNEs oIt T

1ox+x2=x3 +e0r cen oe slx]<1

This series is / 9% MG

(i) convergent
S

(i) divergent
Uil

(iii) oscillatory
e

(iv) conditionally convergent

FEAITICE SR

The radius of convergence of the
following series is

SR @GR A g 2
° n
2

M 1

i 0

(i) -1

(iv) «
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(6) (7))

(b) Find the supremum and infimum of the
following set :

() If a power serieg

(]

21 a, X" g TR oA A P SRred :
n= | . .
converges at . ;
interval ofac the end point x=r of the | S={8+§: neN}
| the closed i;;::;lge[r(l)ce [-7, 7], then in \ n
: T 9o e o > Tl the series is ’ (c) Prove that the sequence (an) is
§ | bounded,
> ay” | 1 T (ay) D R,
SR = - | where (79)
[-r, r]3 ,
TSR ’ allct x=r%
q,m’mww oﬁﬂi : an=——1—+ 1 +--=+-—1—,ne]N
[0, r]® codieBt n+l n+2 2n

(@) Find the limit of the following

@) uniformj sequence :
——— e .
SRRy | oo SR A BReat
(ifi) diVergent ' ; :
PRt | . 2n +1
(iv) oscillato n+1
ry !
Al (e) Define alternating series with example.
2. An
SWer any five of the gopq TIRRTTS @i ot b e
R R WIng questions :
I OBt 2y g ax5=10 () Show that the following series is not
(@) Prove that " i convergent :
or tw _
Y, XUY ig o © Countaple getg X and or{ea @ TS e i WA =X ¢
W 5 SO countapje, o ™ 1
Y Ccos—
XUY‘G‘@I%@H: ? I"WWW a1 n2
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(8) ( 9)

(99 Let 0
' sequéﬁ:er <r’1’. ’Then show that the (i) There exists a surjection N onto S.
«t (r") is convergent. @t NT */t ST qegie 3 FREFod
g o ORI eyl k |
A L ST (i) There exists an injection of S )
| . into N ‘
f . Answer any svc of the following questions : @t ST A N =@
TR R @A ot 2 Bag s6=30. ™
‘ Pt - | () Define limit point of a set. Give one
(a) Suppose ; example of a set which has (i) no limit
T CI;O . Thﬂ:gt Sand Tare sets such that point, (i) only one limit point and (i) a
s prove the following : limit point not belonging to the set.
WS AF T 9B g . 2riies
csS, ,
W 49 ] @ ot efee A Reg@ @t fany @) <oe M

: |

: . . : ) i Bt A R ¥ =F
“ :i;f I8 a finite set, then Tis a finite, 1:3 W’Rﬂ% (u)aﬁmi!@ﬂ; R EZI R

oo <BRe T P

ST LW T iy — J
(@) If T is an infin; ' 1 (d). State Archimedean property of real
infinite set, inite set, then S is an % numbers. Use it to prove that if
. ? a, be R such that

asb+-1- VvneN

(b) Prove that th
. e follow;j : n

equivalent : Ollowing statements are ; then a<b. 2+3=5

T @ oo SR o | e RN R PG fran T

Q) S is a countapye - WL : | B oM IR @, ™ a, be R G P! R

€ set, ‘
SRS a1y | N@a5b+%VneN,masb.
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(€) Define M, -

(9

( 10 )

sequence (f,), where

f n (x) = L
+n?
IS not unif;
interval con omﬂyg ‘;Z?:er gent on any
M, -~Rrmt Rtk
a
ST T RS R iy (fa)
W T 7' TSI
Jalx)= X __
+n2y2

ShOW that
eVety conv
o} (S
CZ real Numbers jg bm:ﬁzm Sequence
nverse is not trye ed, but the

3+2=5

Show  thag

. t eve

Increasi Ty m .

above l:log Séquence which (;nototuca_uy

bound nverges to i le: rounded
) St upper

sqt
b\ @ o3 IEqp (monot

increasing

test and show that the

(11 )

(h) Show that the following series
converges or diverges according as

B>a+l or Bsa+l : 2+3=5

| Fsq (@ oo Rt B> o+l A P<a+l
TETE SfSAIAl AR TP

l+a (+a)2+a) . to ®

1+p  (+B)2+B)

; 1+

(i) Test the uniform convergence of the
series :
g e fW SRSl (uniform
convergence) A= I '

'W .
nx
Zcos4 ; xeR
n=1 N

() Define radius of convergence and
interval of convergence of a power
series. Find also the radius of

convergence of the series :

G e iy SRR e e e
Wwﬁmlwﬁmmcﬁm
s grid Sfereat

1 +1-3x2+1-3'

5.3
= +
2**3a" ‘236"
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( 12 )

4. Answer an
Y two of the following questi
ons :

‘.Wﬁmmm%ﬁm: 10x2=20

() is convergens if (&R
(ii) iS dive . 9 p> 1
rgent if M m
bpsl

Um are ynj Su’pxi'fer:;m and
ik o TRIEY ey
et R e
(u} pI‘OVe tl'lat |
open set, EVery open Interval is an ‘
B[] 5
LR R K

() ) Show that i

(d)
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( 13 )

- (OB TS Ml WMEMS (u,) T

(V) T !
u, =max{a,, b,}
and v, =min{a,, b,}

are also convergent (S T'3).

2+2=4
(i) State the monotone convergence
theorem. 2
R SR Sertl! 3 F
(iii) Let S; >0 be arbitrary and define
@l S5 >0 WF
1 a
Sn+1 = E[Sn +-S:) vn
Show that the sequence (S;)
4

converges to Ja -
RS @ (S,) T Ja O SR
I

(i) State the Cauchy criterion for
series. Apply it to prove that if a
series in R is absolutely convergent,
then it is convergent. 1+4=5

@fT IR IRI v I A1 9% 76
et ¥R g T @ o Re & @B
o SR W, (o ¢i3 @B SN

73|
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( 14 )
’ ( 15 )
(ii) If a seri .
PrOV:etE:: tiin IS convergent, then
it by groupi series obtained fr, L, X, 1 B 1.3 x°
ping the te ¢ from (iii) S Wi
convergent. I rms is als 1 23 245
Justify you S the conver ° 7
your answer with :; true? 1-3-5 x|
ample. v e
Wt Za, e 9Bt wRowR - 2+1+2=5 7+3+4=14
T @ R efier » O 2 m 0 Define uniform convergence of a
CIAl 99 co8ihrs Salkail : sequence.
Refe &Re siot o I | <5t o T SfReR e fa
SIS s AR R )
I (i) Show that the sequence (@),
S. Answer any one of th where ap(x)=x"
S Y efollowing. gl ® ¢ )WWan()x"
o Tey figr . ) 14 an ’ X) =
(@) () Prove that the ge . | . 1. is uniformly convergent in the
: i quenc . :nterval [0, k] with k is a
a, give € ¢ in ’
lying bgtzelow converges t?)n) v.ut.h number less than 1;
en2and3 oo (0, k] TS 7w S, TS k
e ) ) ’
W?mﬂ <a")w2w T{‘ﬁl%’@ﬁdﬁiﬂi@ﬂ'{ﬂi;
RYT Bite e 2 3 2. is pointwise .convergent only in
’ the interval [0, 1].
whe
re (o) an=(1+l)" @@ [0,1] wEwS RCAEI
Examine th n Ml
e
f ; conv, .
ollowing series €rgence of the (i) 1f the series Ta,x" is such that
Sy @8y R a, #0 vn and
1.1 A \ﬁmi"n_ﬂ‘=_1_
(ll) m.}\i‘ 1 nso R
2.327 35t . |
3-4 - then show that Za,x" is absolutely
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( 16 )

convergent for |x|<R and diver-
gent for |x|>R. 2+(3+3)+6=14

M Zqx" A R W @

oGl _1
a, #0 Vn W |Im = =— o

S @ Za,x" 9t |x|<RIIAX
W WS T WF | x|>RI I@
GoFA T

(c) Let JcR and let (f,) be a sequence
of continuous functions of J to R.
Suppose that 3IxgeJ such that
(falxp)) converges and that the
sequence (f,) of derivatives exists on J
and converges uniformly on J to a
function g. Then prove that the I
sequence (f,) converges uniformly on !
J to a function f that has a derivative
at every point of Jand f'=g. 14

@A Jc R WF R J oGS (f,) 29
okt T B S| @ 3 xpeJ G
@Bt R & (falo)) MR W (f1) =
J oEaee SRfien TR SR (f,)F
A S R g Tos T e o
o T T J TGRS (f,) G f S
T SN W WE J weaeR Ao Repe

- TRIEA WF f'=g.
* &k K
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