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UNIVERSITY OF NORTH BENGAL

B.Sc. Programme 2nd Semester Examination, 2023

DSC1/2/3-P2-MATHEMATICS
REAL ANALYSIS

(REVISED SYLLABUS 2023)
Time Allotted: 2 Hours Full Marks: 60

The figures in the margin indicate full marks.

GROUP-A / @5 / @g-®

I. Answer any four questions: 3x4 =12
Q- 5116 2tad Tea miss
T IR THEHD] IR 4

3

(a) Show that the sequence { 5

1S monotonic increasing. 3
(n+1)

3

cwen\sczr{ n }WW@HI

(n+1)*

3131;5'1{ " 2} AN g g6 W FET R |
(n+1)

(b) Check the convergence of the series 1 +l + 13 + 1:3-5 4+ 3
2 2-4 2-4.6

L3 135 L A sfoniE o 1)
2:4 2-4-6
1

+£+£ IIhaId &8 T=T THT0 N |
2 2.4 2-4.6 >

(c) Let A=[1,2]u (3, 4)uU{5}. Is the set open or closed? Justify your answer. 3
W A=[1,2]UB,4)U{5). & @O0 & I& 7l I 9 (O TeR WISl efosiwe
41
qHT A =[1,2]U (3, 4)U{5}. & fIUPT AT open 3T closed B ? MM IR
IR TR |

(d) Show that the set of irrational numbers is uncountable. 3
(TG (ST TR (TB{0 Selecel (316 2¢ |
3URH (irrational) HEATE™ SFTMORT 70 W THIUT R |

1+l
2

o 1+

2060 1 Turn Over



UG/CBCS/B.Sc./Programme/2nd Sem./Mathematics/ MATHDSC2/Revised & O1d/2023

(e) Find the derived set of the set S = {l ‘ne N} ) 3
n

Sz{l:neN} @516 derived 66 e w4

n

n

qc Sz{l:neN} I derived set TR TR |

(f) Let x, y eR with x < y. Prove that there exists an irrational number & such that 3
x<a<y.

2 x, yeR A x < y | AN 7 G0 O™ WAl ¢ ROEFACS x < < y |
AT x, y eR, x < y . WSCT JURTI AT ¢, x < @ < y HT AT §76 A1 JHAIU TR |

GROUP-B / Reit-4/ &5

Answer any four questions 6x4 =24
@-(F HIF TR Ted wie
P IR THEHD] IR <5
2. Ifx,=(a"+b")"" VneNand 0<a<b,show that limx, =b. 6

I x, =(a" +b”)1/” VneNOR 0<a<b WOR@ASA limx, =5 |

A x, =(a" +b")"" VneNAT 0<a<b O TTTR limx, =b.

3. Prove that a sequence {x,} of real numbers converges iff it is a Cauchy sequence. 6

2l 9 AWT WA S {x, ) T Sfenst 3w @ @<orig W 27 @36 Cauchy
oA 27|

IR GEATEReD! AqhH {x, ) Y & Ife 3 IS A1 T 73T Cauchy
SFPH &I W S0 R |

+ +
e \/n2+1 \/n2+2 N

1 1 1
ay9 95 lim + ot =1.
’Hw{\/anrl \/n2+2 \/n2+n}

4. (a) Prove that lim{ ! ! ---+;}:1. 3+3

EP%TUT‘T\’hm{ 1 + 1 +-~-+;}:1
n—e® \/n2+1 \/n2+2 n’+n

(b) Examine the convergence of the series 1+ 1 + 1 4+t !
1 2! (n-1)!

1+%+%+---+( 11)'+--- @A SfSH 2= el 75 591

+ ...,
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e ST +-- DT IPAPEADT OI1T TR |
I 2! (n—1)!

5. (a) Prove that if a set contains all its limit points, then it is closed. 3+3

2I3iel 53 [ (PIF (TCBR Fhet Al [Feqsfet (312 (1067 e A0 SIRe ETo M6 Sz 2041

IS TIeT AT ST T limit points THIILT T W TAT TSl closed T & HHT FHT0T
TR

(b) Show that N x N is countable.
@A @ N x N GTof6 seieeiai |
N x N TUFRI & 9= JH10 7R |

6. (a) Define closure of a set 4 = R. 2+4
@I @0 GB 4 = R -99 closure (F WRE@IRC F41
AT A = R P closure DI IRHTET o |

(b) Let G be an open subset of R and 4 < R. Show that G " AcGNA.

H€G,R-GFPOISTATT IR ACR. TASAGNAcGNA.
M G, R @ open STRIC B 3 ACR IR GNAcCGN A

7. Let x, :(l+lj for neN. Show that sequence {x,} is monotonic increasing 6
n

and bounded. Also find the lower and upper bounds.

n

agoie T S (lower bound) @R SEefe e 1)

& xn=(1+lj , @A neN. A8 @ {x,} SFAL G0 FRENF GRSz |

99 neN @ aAFT xn=(1+1jn. THIOT TR 39 {x,} monotonic I 3T
n
bounded & | deat 31+ ATfreel bound @Y g+ Ry TR |

GROUP-C / fretol-of / Fg-

Answer any ftwo questions 12x2 =24
-GN 415 &Te Ted wie
P §3 THEHD] IR &%
8. (a) Show that the set of rational numbers in [0, 1] is countable. 6

NS @ [0, 1] -9F &Y ST IR G610 Aeleeialg |
[0, 1] f¥T rational TREATEHDHT W TUFRIRT & 9T THI0T TR |
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(b)

(c)

9. (a)

(b)

10.(a)

(b)

2060

Prove that the finite union of closed sets is closed.
2ol G I TS I (Tod R I (76 |

Closed Jcgwd! HIfAd Y (finite union) closed &1 T+ THION TR |

Show that the set {u neN } is a closed set.
n

mmem{ﬂ:neN} (160 Ia (6 |

n

n

@E{ﬂ:neN} closed JTET 9T THIU TR |

0
Examine the convergence of the series Zan where a, = (n + 1)1/ S_n.

n=1

Zan @R a, =(n* + 1)’ — n @7 wfenTg [ T4

n=1

ST (seties) Y. a, BT APRPSA B AA R, Sl a, = (n° +1)"° —n &}
n=1

Prove that the series z —- converges.

n=1

eI 7 Y, - oeAfs e
n=1

S0 TR el ZZL HPIT 7 T |
n=1

3n—1 . . .
> prove that the sequence {x,} is monotonic increasing and
n+

bounded.

If x,=

TMw x, = 31 _21 2 O & T {x,} SFAD G FAEA IR FTF (bounded)
n-+

1

e x =" _21 Y, 31 {x,} monotonic Ifg 3 bounded & HHI THIUT TR |
n+

n

Prove that the sequence {x,}, defined as x, =42, X, =+2x, for nx>1, is
convergent.

SEET {x,}, x, =2, X, =+2x,, n>1 B K@RTC 2@ &AM I SFAG
SIS |

n>1 B AR x, =v2 A x,,, =42x, o IRANT 3T (x,} AORPT 5B
AT YHTOT R |
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(c) Prove that if a sequence {x,} converges to a limit /, then any subsequence of

{x,} must converge to / and conversely.

o F9 M {x )} SGEAD [ AAE WA SASHAR 27 O @CFF S [ -9 S&HR

@ G RO 3318 79j |

Ife limit / o7 ST P {x,,} DI §78 T THDT IUSNIHH {x,,} I limit /

AT SABIT 70 HT TN R 37 Jep! {3 Seet 1 HHI0T R |

2 3 n)Vn
11.(a) Prove that lim % é . i ntl =e.
n—>© 1 2 3 n
P 3 " I/n
2N T lim g(ij (ij ...(”Jrlj —e.
n—wo|1l (2 3 n
2 3 n)Vn
n—>© 1 2 3 n

n! .
(b) Prove that the sequence {x,}, where x, = & is a null sequence.

!
e R {x,}, @A x, = n_n Seg@ral(b W@ (null sequence) |
n

|
X, = = o URMTRT SIS {x,} TICT YT SFTgh &1 HelY SO R |
n

(¢) Find the set of limit points of the set {x e R | x* =5x+6 < 0}.
{xeR | x> =5x+6 <0} @607 5Fa At Reqefer GHH M w21
JE {x eR | x* —5x+6 <0} DI limit point THDHI AT AT R |

(d) Prove that the closure of every subset of R is closed.
2Ne 37 R-97 e GBS closure G S (316 |
R & TAH IIRICH closure, closed BT YT TFETOT R |
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UNIVERSITY OF NORTH BENGAL

B.Sc. Programme 2nd Semester Examination, 2023

DSC1/2/3-P2-MATHEMATICS
ALGEBRA

(OLD SYLLABUS 2018)
Time Allotted: 2 Hours Full Marks: 60

The figures in the margin indicate full marks.

GROUP-A / @5 / @g-®

Answer any four questions from the following 3x4 =12
RS (- 51310 &tid Ted wie
P IR THEHD] IR <5
1. Find Logz and logz, where z=i. 3

Logz @R logz -&3 N« el <541, (AT z =
Log z 31 logz d A oI R, z =i

2 0 2
. .13 2 6 5
2. Find the rank of the matrix 3
5 210 7
0 3 2 5
2 0 2
3 2 6 5
W% -9 = a1
5 2 10 7
0 3 2 5
2 0 4 2
3 2 6 5
Matrix @I rank ORI TR |
5 2 10 7
0 3 2 5
3. Prove that the sum of the 99th powers of the roots of the equation x° =1 is zero. 3

oA T @, x° =1 AR Ao 99-3 QTS (91T X[+ |
BRI x° =1 Bl FeTDT (roots) 99th power I §6 HrT THIUN TR |
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4.

7. (a)

(b)

2060

Show that the mapping f :N—-N defined by f(n)= {%ﬂ}, n e N is surjective

but not injective.

@l @, f:NeN,Wf(n):[n;I} n e N oadfls Azresive e 2aewsie

31

n+l1

f(”)Z{T
8IS 9T JHIUT IR |

}, neN @ RVIT mapping f :N—-N surjective & T injective

If p be an equivalence relation on a set S and a,be S, then prove that
cl(a)=cl(b) if and only if apb holds.

I p, § C6-93 To AALFO! FAGeT©! (equivalence) T WEAR a,be S, @
A8 @ cl(a) = cl(b) I @R FIETNG AW qpb B 2

AT S AT p TSl equivalence I8 &1 31 a,be S, cl(a)=cl(b) T 1fy T
" apb §8 HHI YH R |

A function f:R — R be defined by f(x)=3x+1, xeR. Prove that f is
invertible and find f~'.

/R - R w0 WEERe @meel Relto: f(x)=3x+1, xeR. N4 FA, f
fR718e elf et ey (invertible) @k 7! s

f(x)=3x+1, xeR & aRYINT tSeT He /R - R & | f invertible & 9=
TR A ! AT TR

GROUP-B / [Tt/ 98-
Answer any four questions from the following

Faferide @-cFIe 1a17 etae Tea wis
P IR THEHD! IIR &

Give an example of a relation which is symmetric and transitive but not
reflexive.

a6 FIEa Twizgel wie [ &S (Symmetric) @R FFNF (Transitive) 5%
2lf sl (reflexive) <

Symmetric 7 transitive 9T T reflexive :|‘14Q$ T3CT JHI-EehT ISTENUT 35 |

Let f: 4— B be a mapping and P, Q be non-empty subsets of 4. Show that
fPuO)=f(P)vf(Q).
f:A—> B @& Bg9 (Mapping) @R P,Qc A, P#¢, O+#¢. @AS @
fPuO)=f(P)vf(Q).

6x4 =24

Turn Over



UG/CBCS/B.Sc./Programme/2nd Sem./Mathematics/ MATHDSC2/Revised & O1d/2023

9! f: A4 — B USTT mapping & 31 P,Q AT 4 & non-empty SUHCES 9T
fPUQ)=f(P)U f(Q) T I TR |

8. Solve the following equation by Cardan’s method: x° +9x* +15x—25=0.
Cardan’s 7@ AR x° +9x? +15x — 25 = 0 FANFE0 FANF 9|
Cardan &7 Ug(T FRT fSSTHT AHERODT FHEF R— x° +9x” +15x - 25=0

9. Find two integers u and v satisfying 54u +24v =30.

54u + 24y = 30 AN P 3, u 8 v -9 9T ?]:‘T/W (integer solution) faefm
Q1

S54u +24v =30 S satisfy T g8 qUIie u 31 v @I FURT TR |

0 01 2 1
. .1 31 0 3
10. Find the rank of the matrix
2 6 4 2 8
39 4 210
0 01 2 1
1 310 3
ifGia wrE e =1
2 6 4 2 8
39 4 210
0 01 2 1
1 310 3
Matrix @7 rank freet |
2 6 4 2
39 4 210
11. Solve completely the following system of equation:

X+2y+3z=0, 2x+3y+4z=0,3x+4y+5z=0

Fojefeica fermferiire sTeaee e g fad e
X+2y+3z=0, 2x+3y+4z=0,3x+4y+5z=0

dof fegUanT FfARUERadT TUTTei e FHTE 3 |
X+2y+3z=0, 2x+3y+4z=0,3x+4y+5z=0

12.  If x, y, z be positive real numbers and x + y +z =1, prove that
8xyz<(1-x)1-y)(l-2)< i
27
M x, y, z LN AT RA W ER x+ y+2z=1, &N FH @

8xyz <(1-x)(1-y)(1-2)< 2%

2060 8
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I x, y, z GICHD IR AEITED Y MM x + y+ 2z =1 HY, AT R

8xyz<(1-x)1-y)1—-2)< %

GROUP-C / fRist-st / g-

Answer any fwo questions from the following 12x2 =24
Faferde @-Fiet 76 e e wie
P 53 UHEHD! IIR &
13.(a) Expand cos’ @ in a series of cosines of multiple of 8. 6

cos’ 0 @ 0 -7 ldes e @hiza @aics ige 541
6 aﬁWWcosinesaﬁﬂ'@WW cos’ @ & AR TR |
(b) Solve by Ferrari’s method x* +12x—-5=0. 6
Ferrari-g “/&fod AR x* +12x -5 = 0 3 Feie 11
Ferrari T GG&RT GHTEM R x* +12x—5=0.

14.(a) If a,, a,, a3, a,, as be all positive, then prove that 6

5 2 3
ataytaztagtas| (@ +a, | ata,+a
5 2 3

W a,, a,, ay, a,, a; TNTF AT IR T, O (W28 @

5 2 3
ataytaytagtas| (@ +a [ ata,+as
5 2 3

I ay, a,, as, a,, as TS GAHD Y THTOT TR

5 2 3
gtaytaytagtas| (@ +a | ata,+as
5 2 3

(b) If ax =ay(modm) and a is prime to m , then show x = y(modm). 6

M gx = ay(modm) R a € m 27 (N (prime to each other), O& (MANS
@, x = y(modm)

I ax = ay(modm) 3 a, m T prime 9, x = y(modm) & Wl FHI TR |

3 1 .
15.(a) If 4= 5| then use Cayley-Hamilton’s theorem to show that 7

24 —34% + 4> —41 =1384 - 4031 .

-1
24 —34% + 4> —41 =1384 - 4031 .

1
M A= [ 2} , O3 Cayley-Hamilton -&3 S#12{ln) G2 I (MRS (3,

2060 9 Turn Over
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J%Azrl

1
2} U, Cayley-Hamilton BT SUTET JNT TR} YH0T 7R

24 —34% + 4> —41 =1384 - 4031 .

(b) If R and S are equivalence relations on the set 4, prove that RS is an
equivalence relation.

I R @R S, 4 C6-aF TLFSl TNgETel FAF 7, (WA @ RN S el
FAGETS! I |

JiTH/S 4 41, R A S equivalence TE8H 97, R NS UM equivalence T4
&8 9 A R |

16.(a) If sin(a +if) = x + iy, then prove that

2 2 2 2
Y Y _tand 2 w2 =1

sina cos’a cosh? 8 sinh? g

WM sin(a +if) = x + iy , O &I T4 @,

2 = X 3
5~ 3 =1 @R ot =
sin“a  cos” cosh” f sinh” S

I sin(a +if) = x + iy ¥Y, YHT R

2 2 2 2
A S I S AR
sin“a  cos” a cosh” f sinh”

(b) Prove that (n+1)" >2"n!, where neN.
HNIFI@ (n+1)" >2"n! @AE neN

THIUT TR (n+1)" >2"n!, neN.

2060 10



