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UNIVERSITY OF NORTH BENGAL

B.Sc. Programme 3rd Semester Examination, 2022

DSC1/2/3-P3-MATHEMATICS

REAL ANALYSIS

Time Allotted: 2 Hours Full Marks: 60
The figures in the margin indicate full marks.
GROUP-A
e+
qHe-b
I. Answer any four questions: 3x4 =12
- 511G @eae Ted mies

Pl IR TTAEHD] IR I |

(a) Define supremum and infimum of a set and find sup 4 and inf 4 where

A:{i+l:m, neN}
m n

@3 ET6F “supremum’ @R ‘infimum’-dd R W8 @R ‘sup 4’ @R “inf 4° 97 Tt

WA:{i+l:m,neN}
m n

supremum 31T infimum @7 GREMET ofg 37+ A:{i+l:m,ne N}Tﬁ sup A

m n
3 inf 4 BT 719 frhTet |

(b) Show that Vx, ye R (x< y) there exists an irrational number s such that x<s< y.

W x, ye R(x<y)-a9 G (A8 @ SSIF G0 St WL 5”2l I Ao
xX<s<y.

e x, ye R (x<y) DI AR LT irrational FEAT 5 ARAT B SN x<s5<y B |

(c) Prove that union of finite number of closed sets in R is a closed set.

23ld IR @, IF @ (closed set)-aF FAW TR TR @Ff6 7% (16 (closed set) TR
R-€3 S |

R 9T closed Vcgwd! R G&IE®™d! union TSl closed e 8 9= YHIT X |
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(d) Show that the series
1 11 1
D=l
n 2 3 n

does not converges.

e @, Y — _1+;+;+ A — ... 93 @N (series)-To SfSHRT @& 263 M

el — _1+;+;+ o+ — ... JABIET T A T R |

n

(e) Prove that lim (vVa+1-— \/;) =0.

NI F@ @, lim (Vn+1-/n)=0.

n—eo

lim (Vn+1-+/n)=0 §B w1 YT TR |

(f) Determine the nature of the series Z:(—l)"i1 )

n=1

ol faffae st @3 i:(—l)”*1 @R (series)

n=1

ST i(—l)”*1 BI Ui g TR |

GROUP-B
etat-4

N R
Answer any four questions 6x4 =24
Q-G A6 eTad Ted wie

Pl IR TTAEHD] IR I

2. (a) Use Cauchy’s root test to investigate the nature of the series 4

n+\/7)

e

ey
‘Cauchy’s root test’JI2 ¢, €2 z( ) @ (series)-aF @FfS e FeM

el
)’ ®I Ui Cauchy @I root test §RT 077 TR |

n+l

ST (series) z(
n=l n
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1 1 1
b) Let =——+—+——+.... Find the partial sum S of the series u . 2
(b) Let D, =12 +55+5, P " 2

@A AL, D u, :i+l+3l4+.... 9 @A D"y, -4 AR @oFeT (Partial Sum)

1.2 23
S, QN
= > u, LN S AT Y u, Bl 3HifAb ATHe (Partial Sum)
1.2 23 34
Ao TR |
3. (a) Prove that every bounded sequence of real number has a convergent subsequence. 4

ol IR @, @0 AT FRYF &fSG Wm W@ (bounded sequence) @
T SfeHIE SI@rs (convergent subsequence) LT |

IR qRAdd AThT RIAERy IHA DI USTl Afdlad SU RAEey rhA
URSY 3T JATT TR |

(b) Examine the convergence of the sequence 2

258
258

e[ Ce SRl AR FCA

4. Show that if x and y are two numbers of bounded sets of real number S, and §,
respectively, then prove that the set S, whose elements are of the form x+ y is also
bounded and

sup S, +sup S, =sup S
WM x GR y IS S, @R S, IA¥T W@ G (real bounded set)-45 qb IR =,
Sl aNld IR @ ER G S-97 SoAmAQR (elements) x + y SBIEE (1 A=
(bounded) 20T @R}

sup S, +sup S, =sup§.

Ife x A y HH G S, AN S, IKfdd ArhT RAAEGH ATERD! Gy
RS AU, U S STAD] element &6 x+y WU B, U RAEE g6 A YA
TR 3

sup S, +sup S, =sup S
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7. (a)

(b)

8. (a)

3103

1 :
Prove that 1—p+2—p+3—p+ ... converges for p > 1 and diverges for p<1.

2ol AL, lip+2ip+3ip+...aaﬁ% Sfod @T 2@ p > 1-93 T @R p<1-93 &
SR (divergent) @ 2631
1 1

1—p+2—p+3ip+... p>1 BT AR converge T8 M p <1 &I diverge TS W=l FHTIT

R

Prove that K be a compact set in R, every infinite subset of K has a limit point in K.
Hence, prove that R is not compact.

@3 R-99 ‘compact’ (6 K-93 &), K-@3 @fels AW TAGNGT @3 S [
(limit point) AT K-9< N |

TR, &NF FCA (@ ‘R’ compact <= |

U7 TR R AT K USCT compact € 81 ¥4 YD K I IUAC DI U3 AT g
K AT ® | R compact 8$ |l Ui YHTT TR |

Prove that a sequence can have at most one limit.

il I @, @ SF (sequence)-aF FKIE @FH limit” ARFCS 2N |
TICT hHAD! BT U TIeT limit © 11 JATOT TR |

State and prove Heine-Borel theorem.

390 @R @fMiet Sl ‘Heine-Borel theorem’.

Heine-Borel SUUTEl &I Jcoid {1 JATT TR |

GROUP-C
etat-at
HHe-1T
Answer any fwo questions
Q- 715 eid Ted wie

Gl 8 UTIEHD] IR I

Show that if a series an in R converges then x, -0 as n —>oo.

T R 936 @A (series) an SRSAIR 2, O A @ x, =0 as 1 —> oo

Ife TSN el D x, R AT converge T8 ¥ n—>o0 E&T x, —0 T HAl FHIT
R

4+2

12x2 =24
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(b) Test the convergence: 4
1 1 1 1

—t—t—+
33 3 3
SfeAdrel (convergence) 2 S

LI R N
3.3 3 3
1 1 1
— —3+—2+—5+ DI ANba BT Sird TR |
3 3 3 3
(c) Prove that a set is closed in R iff it contains all its limit points. 5

23l IR @, G G5 R-G9 N 79 203 I @R wlg A @fb 7% limit point-C fce™
K LI R |

UHOT TR TSl We R AT closed wU A &1y Ife A Id9al |d RAr fages
JMBHHT FHTIL TS |

9. (a) Prove that the set S cRis closed iff S'c S'. 4

2l FE @ @6 SR @36 7 (closed) (6 2A R-93 W& IM @R wywig W
S'c S =

AT S c R closed 9 AT A I 913 §'c S O w1 GAUT TR |

(b) Prove that / &et FCA/ YHTOT TR 4
hm( ! ! +...+ ! le
"o \/n +1 \/n2+2 \/n2+n

(¢) Prove that the sequence {(—1)"} is not a Cauchy sequence. 4

23l IR @, 92 g (sequence) {(—1)"} -T ‘Cauchy sequence’ 2@ 1

3HA {(—1)"} Cauchy sequence BIg= 9T YA TR |

10.(a) Find all the limit point of the set 4+2
S= {( D +—|m neN}

m

Is S closed? Is S an open set? Justify your answer.

S = {( D +— | m, ne N}WW limit point’- @M (&7 I 1 S 7 39 (closed) ?
m

S%ﬂﬁopen@@?@ﬂﬁ%%ﬁﬂl

e S:{(_l)m+l|m,neN}aﬁﬂ§[ﬁﬂTﬁWEﬁ\_ﬂlEﬁSclosed?f??ﬁS
n

m

open set & ? 3T IR AT TR |
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. 1
(b) Prove that for any & >0, there exist a natural number 77 such that —<&€.

A8 @, @ @I £ > 0 -9 &) TSSATF GFH BT TR 77 ‘memlq l
n

E1 £>0 DI AN Bl UICT natural AT 7 @R B, K & l<8§785°4_rﬁ
YHTIT TR | !

(c) Show that the set of natural number N is unbounded above.
@8 @, N 89/ M2 unbounded TR

natural SRFT N &7 Ac A1 IRNAT © 91 YH0T TR |

11.(a) Show that every point in I =[3, 7] is a cluster point of the set S=7Q.
@S @ [ =[3, 7]-93 et M @6 § =7 N Q-9 @3 ‘cluster point’ (I |
I1=[3,7] % 9% a5 A S=1NQ &I cluster fa=g B w=I FHIT TR |

1 1 1 .
(b) Show that the sequence {S,}; where S, = F+_+ ...+—, Vne N is convergent.

2! n!
(A8 (@, DJEFH {S } @A Sn=%+%+...+i', Vne N wfena z@)

o I 1 1
AL (S} W S, =+ +..d - Vne N convergent 1 Al YA TR |

(c) Prove that derived set of bounded set is bounded.
418 @ I (bounded set)-@3 ‘derived set” T 3@ 21
RATaqy Aed! derived e, RIAMEGE & W+l YA TR |
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