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B.Se. Honours 3rd Semester Exnmination, 2022

CC5-MATHEMATICS

THEORY OF REAL FUNCTIONS AND INTRODUCTION TO METRIC SPACE

Time Allotted: 2 Hours

Full Marks; 60
The flgures in the mergin indicare fill marks
GROUP-A
1 Answer any four questions from the following: x4 =12
(a) A function f:[0,1]=[0,1] is continuous on [0,1]. Prove that there exists a point 3
e in [0,1] such thai fic)=c.
(b) Show that Jim “‘;I | does not exist. 3

{c) Prove that if f(x) is continuous at x=g and for every &0 there s a point in

3
|x=a|< &, where f(x)=0 then fla)=0.
(d) Verify Rolle’s theorem for f{x)=2x"%x' —4x—-2_ 3
(e} Prove that for two subsets A, B of a metric space (X,d) if Ac B, then 3
S(A) = 5(8).
1) In a metric space (X, d) if'a, be X and a#b, then show that there exists open 3
balls 5, and S, containing a and b respectively such that 5, (15, = .
GROUP-B
2. Answer any four questions from the following: 624 =74
da) T gle)= fix)+ fl=-x) and fMx)<0 on [0.1], show that gix) is &
monotonically increasing on [IZI', J,:] and monotonically decreasing on E- 11.
o) Show that ]-!-ﬁmn'*u-t:m"nf:r:n: if Ocp<v and deduce that 4+2
+ ¥ M
Eflf |{j.J.:£+|_
4 25 i) 4 0
) Let limgalx) =1 and § b continuous u |, Prove (ot 6

lim f () = f lim gix)) = 1 (1)
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(d) State and prove Darboux’s theorem. 6

{':]Lﬂ‘-x-d}hﬁﬂmﬂiphienmlﬁ:spmcﬂmi}'bcasuhsrrauenff.llmve!hﬂtf &
is complete if and only if ¥ s closed,

() Let X=1,(1Sp<oo)= The set of all pth summeble sequences of real or b

- ip
complex numbers and let d[:,y{]-—.{EH‘—_}ﬁ |F} where x={x ] and
=l

y={ydef, . Prove that ‘d " is a metricon X =¢, .

GROUP-C
3. Answer any fwe questions from the fiollowing: 12x2 =24
(@) (i) Find the power series expansion of log(1+ x) . Stuting clearly its region of 6
validity.
(i) Lel{F.d'fll:aasubmucrfam:ﬂcspan: (X,d). Prove that a set A ¥ 6
is open in (Y, ") if and only if there exists an open set & in (X, ) such
that A=GF.
(®) (i) Define separable metric space. Give an example of Separable metric space 1+5
with justification. 3
(if) State and prove Cantor's intersection theorem, 1+5
E : 2 3
() (i) Show that the function / where ff% :[“'%3";'““3” W ”‘2 6
) x=
is continuous everywhere and monotonic but has no differential coefficient !
at x=0,
(i) Let (X, d) be a metric space and A c X. Show that &e 7 if and only if &
5 A#¢ for every.neighbotrhood § of o
{d) (i) Use mean value thearem of appropriate order to prove that &
x>sinx }r—érﬂ Dex<mf2.
(i) Let (X, &) be'a metric space. Prove that a non-empty set 4 C.X s nowhere b

dense in X ifand only if the set (A)° =X\ A is dense in (X, d),

Fad
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UNIVERSITY OF NORTH BENGAL
B.Sc. Honours Jrd Semester Examination, 2022

CCH-MATHEMATICS
Grouvr THEORY-1

Time Allotted: 2 Hours Full Marks: &0

The figmeres in the morgin irdicate (il marks

GROUP-A
L. Answer any four questions; Ixg = [2
(a) Find the number of elements of order 5 in Eis* Z s
(b) Let =1 2 31 4 5), write §% in cycle notation.

{c) Prove that a group G in which a° =e for everyelement o in G is a commutative
group, where ¢ is an identity element of G

(d) Find all homomorphism from the group (Zg, +)to (£, +).
(e} Prove that centre of the symmetric group §; is trivial.
if) Prove that a non-abelian group of order & must have an element of order 4.

GROUP-B
2 Answer any four questions: Gxd =24
(a) Prove thavthe order of every subgroup of a finite group G is a divisor of the order 4+3
of G
Is the conversc truc?
(b A1) Prove that up 1o isomorphism, there are only two groups of order 4. 4

il

fiipLet & # (e} be a group of order p°, p is prime. Show that ¢ contains an
element of order p.
fc) Let Jf be a subgroup of a group 7 and [G: /) =2. Prove that for every v G A+l
e H.
Deduce thai A4, has no subgroup of order 6,

(d) (i) Show that a group ¢ of cven order containg an odd number of elements of 4
order 2.
(i) Let in a group &, o be an element of order 30, Find o(a") 2

3089 Turn Cver



(€) Inthe direct product Zapx B By Ee, how ma

ny elements of order 12 exists?

Let G be a finite commutative group of order n and gedim. m)= |. Prove

(0 (M
that ¢: G — G defined by @(x)=x", xre G isan isomorphisim.
{ii) Prove that the external direct product of two groups A and B is commutative
if and only if both groups A and B are commutative.
GROUP-C
3. Answer any fwo questions:
(a) (i) Let H be a subgroup of a group G . Then prove that K= ﬂgHg"' 15 &
el
normal subgroup of 7.
ﬁi]Le:a=[123455?],ﬁ=['23456?Jbath:.:
6§ 4 7 52 31 | 4 6 7 3 534
elements of 5.
(A) Write @ as a product of disjoint cycles.
(B) Write § as a product of 2-cycles.
(C)1s &' an even permutation?
(b) (i) Let G and G* be two groups and @7+ @ be onto homomorphism. If
H =ker, then prove that G/H =G,
(i) Show that a finite semigroup in which cancellation laws hold is a group.
(¢) (i) If N and M are normal subgroups of 7 . then prove that
(A) NN M is also normalin G .
(B) MM is also normal in G -
(ii) Prove that £/3E = &s.
(iii) Find the order of Fiif H is a proper subgroup of a group of order 68 and A
is non-cyclic.
(d) (i) Prove that the group 8§ (n23) is not abelian.
(i) Show that a group homomorphism g : (G, ») — (H,*) is one-one if and only

3099

if kery = {e}. Deduce that the homomorphism ¢ :(Zs, +) — (Es, +) defined
by ¢{%) =7% is not one-one.

fy

1242 =24

d

I+3+2

3+3

4+2
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CCT-MATHEMATICS

RIEMARNN INTEGRATION AND SERIES OF FuNCTIONS
Time Allotted: 2 Hours

Full Marks: 60
The figures in the margin imdicate fisll morks
GROUP-A
1. Answer any four questions: Ixd = |2
. 1
(a) Consider the function: f(x)={%" *7 u, 3
x=0

I
Show that the improper integral _I'f (x)dx does not exist whereas its Cauchy
-1
principle value cxists,

1
(b) Show that [(x) > [1""de = L for x >0' 3
B e’
A 2 . 2% |
&} Examine the uniform convergence ol the serics 2—|J:| in=-l<x<|. 3
n
id) Find the radius of r:::-mru"gmi‘::n and exact interval of convergence of the power 3
series » —————— (r+1)
{1+ 2)(n+ ]'_I
e} Fxpress f(x)= T in a Fourier series in 0 <x <2r, 3
i) Show Wit the function 3

[0, when x is rational
Siz)=

|1, when x is irrational

i& niol inlegrable on any interval,

GROUP-B

Answer any four questions Gnd - 24
u.hr 6
X Fest b comvergence ol J 3
4 x'con’ s

o Turn Ower
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o)

4, (a) Consider the function f defined on [& g] as follows:

3 Find the Fourier series for the fiunction fiz)= of period 2= 0.

cos® x, if x is rational
0, il xisirrational

fIII}={

Examine the Riemann integrability of f on [ﬂ,g] 2

(k) Give an example of a function which is integrable but has no anti-derivative.

5. Show that the sequence of functions {7}, where [ (%)=x", I3 uniformly

comvergent in [0, k], £ <1 and pointwise convergent im [0, 1].

=
b. Discuss the comvergence of flng{sin x)dd . Hence find,its ¥alue, if possible.
[

7. Let Sax' bea power series with radius of convergence A(>0) and f(x) be
=il

the sum of the series-on (—RR), shaw theat Fioy=kla, (k=0,112,--,

GROUP-C

Answer any (o questions

a1 =
8. (a) Shbw that I—x—:ﬂr is convergent iff n<1+m.
¥¥ uﬂn";

(b} A-sequence of functions {f.} is defined by fi(x)=+x, f.(=yxf(x)

ezl .
Show that {f,] is uniformly comvergent on [0, 1].

(€) Prove that two different power series cannol converge on the same interval

(=&, R), R >0 to the same function o

9. () Obtain the Fourier series expansion of f{x)=xsinx on [-r, x]. Hence deduce
11 | |
that =35 e
{b) Assuming sin 'x=x+% %J-I-% f;—+ for =12 x51, prove that
"¢ sin™" a1

310 .

3+3

|2%2 = 24
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10.(z) State and prove Darboux’s Theorem, I+3
(5) If 7 is bounded and integrable in [_H #] and monotonic in [~&,0) and (0, 8] ﬁ
where 0< d<x, then show that — D+Z M j'sm'rd:: where
a(n=01 2,---) denote the Fourier coefficients of 1.
r 7
11.{2) Test the convergence of _Fe“x"":t: ,
l}n—l i

(b) Prove that the series EE is uniformly convergent on [0, 1]

mil+x")

L]0 3



UGHCBCS/BSc/Programme/3rd Sem./Mathematies/MATHDSC3/2022

‘wrm'i L 'diﬁ'r HAFT
UNIVERSITY OF NORTH BENGAL
B.5c. Programme 3rd Semester Examination, 2022

DSC1/2/3-P3-MATHEMATICS
REAL ANALYSIS
Time Allotted: 2 Hours Full Marks: 60
The figures in the margin indicoate full maris.
GROUP-A
Frsiot-=
e
Answer any fonr questions; Ixg =12

(A-GFI e e B aras
T TN UTTEw®] SoY o |

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

.-Is!l +l:m,.r1'Eﬁ|}
L H
758 GRS ‘supremum ST ‘infimm’ 48 TE W 4R ‘sup A’ & ‘inf 4" P o

== A={l+i.‘m, ﬂ_EH)}»
m n

supremum 3T infimum &7 o w5 s A={i+%:m,nem}ﬁﬁ sup A
& infA =1 A P |

{b) Show that ¥.x, ye R (x< y) there exists an irrational number 5 such that x < s < y.

T v, ye Bix<y)-63 =9 08 (7 THSHTT SF0 WM A 5" e M WS
x=8<y

w1 &, pe B (x<y)® @00 T irational HEI1 5 3ERUT B W x<s<y B
(¢) Prove that union of finite number of closed sets in | is a closed set,

erilel =l o, 7% G (closed set)-w A M Tiwa o9 9% O (closed set) T3
[~ ST |

B oAl closed Fr2ema FHATE HEMEEH! union TIET closed HE B W W= T

Tum Cwver
ALK |
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(d) Show that the serjes
I
sl bl gl
] 2 1 "
does not converges.

ME~Z£’=I+%+;+ +—+ .. &% 4t (series)-fB Wi @il o |

Eﬁmz -]+E+;+ A=+, cifhfem giw R wEer TR

(¢} Prove that lim (Wn+l-ym=g,
2 e lim (Vn+1=+{m =0,

i (Vin+ 1~/ =0 &5 o o

() Determine the nature of the series i{—l )

2T ﬁﬁqm-ﬁi[—n"" @ (series)

TEE T (- T gl ka4

o=|

GROUP-B
faatov

T
Answer any four questions fxd = 24
CE-CE AR e Tam e
WA N WSS F6 o

2. a) Wse Cauchy’s root test to investigate the nature of the series 4
= (24)

sl
-

IHI.'IH
"Cnuchy's rool test 4R F0m, «f Zf y T (series)-47 =pfE Fvly

n i
sl

.I.-|
HEFD (series) Z{ e }— | Wl Cauchy 31 root test g7 Fivly L

Nk
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12723 34 " Find the partial sum §, of the series 2,

£ 1 . |
R, S =E+EE+_.E+"” 9% W Y, am e g (Partial Sum)
AEEE
1 1 |
LRI Z*’“=E+EE 3t TEM Y u W IiRE dMew (Partial Sum)
T v

3. (a) Prove that every bounded sequence of real number has a convergent subsequence

mmm.wﬁwmmaﬁmﬂmm@mmm;mm
Bt e = (convergent subsequence) YREA |
mmmmmﬂrm g on Rmmgy e
TS I T T

(b) Examine the convergence of the sequence

1103

3 6Gl
+GLE-

& ] %[%TE} AT B ol wife

Y e @ e

Ehnwthatfxanﬂpmbmnumhersnfhnundads:mufreﬂnumhﬂ& and &,

respectively, then prove that the set 5, whose elements are of the form x+ ¥ is also
bounded and

sup 5, +5up S, =sup S

MW & @R y AMHE 5O 5, TE WA FF (real bounded set)-a7 T e =,

W 2T W O O O S92 Seimme® (elements) v+ e o Sems
(hounded) =4 49

sup 5, +sup S, =sup &,
o« wf oy W oW S5, af o5, Tfie wenrw Reroge SeEee gf
TEAEE WY, e § 9Nl element ¥ x4y 9 9, 90 fvwa e S
e M

sup S, +sup 8, =sup S

[am Civer
3
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3. Prove that -[-—+-]—-|r_|+m CONVETEES forp= | and diverges for psl.
1# a2r 3F

e, Lo Ly L, qal wiow o WA p > 1497 W OR p<1-6F w
e

TR T
W (divergent) =F =)
11

—+—+-j!;+... p=>1 W &l mmrcrgtt"l"ﬂ;' s p=l Wl diverge TG WAl oy

L
T

Hence, prove that R is not compact.

@3 R-93 ‘compact’ GF K-a7 o, K- ofe Wi Tops 43 AW g

(limit point) YT K—g2 90|
TER, = R @ R compact 71

WA TR R W K TSET compact We & W weirw K HLSTUE B gaer e fg

K =1 ® | R compact B %1 uf* s 7w |

7. (a) Prove that a sequence can have at most one limit.
e e 4, mm[sequem]-ﬂﬁﬁﬂm limit' 4TS A
TIET ATEAET BRI Of U=ET limit B W 0Ee T
(b) State and prove Heine-Borel theorem.
71 2, =i A1 ‘Heine-Borel theorem”,
Heine-Borel SUTE] B Joon w3 w=mT ¢ |

GROUP-C
Trstat-m
HHE-TT
Answer any fivo questions
cu-cHIT i eiem TEw we
%4 52 WTTEEE T A

B. (a) Show rthat if a series ZJ{_ in R converges then x, — 0 o8 #—3e=
afit [ et ¥t (sevies) > x, A o, B TSk, 0 ws 0y

afy vael geEl Z..—v B A7 converge ek WA g —d e gul x, — 0 g7 WAl wHTe
LA |

05 4
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ST SemL M lthnmnths.m,q,‘fﬂnmmﬂ
(b) Test the convergence:
LR T
3T ettt
e (convergence) s
1 | | |
EAEE A
Lytalobo o aibon

(€} Prove that a set 15 closed in B iff it contains all

s limit points,
W 0, T O - g

! T L U 2 B Al i point-GF figes

THMT TN TSET e R . <
x il m“mﬂﬂﬂﬁﬂﬁﬂﬁwmmm&w

9. (&) Prove that the set SCRisclosed iff ' 5.
ﬁ?tﬁﬂmmmﬂS;[mﬂﬁTEﬁ{chm]ﬁﬁﬁﬂ-ﬂmﬂﬁmﬂﬁﬁ‘ﬁ
S cfmn "
FES c R closed 70 aft oy afr wry S’ 8B Wi wE
(B) Prove that / &= 3wzt / wamoy 119

lim

| 1 I
+ +..4 =1
"'"'['_n.lnzi-! ;n1+'j.'f ;F‘I'I'i'ﬂ}
(€} Prove that the sequence 1(=1)"}. is not a Cauchy sequence.
ST =T G, ﬁﬂ?ﬁﬂ{q&w} {=n" - ‘Cauchy sequence’ S

HTHR [(-1)" |/ Cauchy sequence B129 %= wmor 717

10.{a) Find all the limil point of the sef

{" ", Lm HEH}

m
19 closed? Is § an open set? Justify your answer.

J‘ ”—1- | o, e B }Hﬁm “limit poim - ¥ @@ FE0 S 5T (closed) 7
iy

5 = @l open o6 &9 ¢ cetslg ww 6 )

ar s LD el @ WA R Rrgew a3 8 cosed @2 B 8

| m n ]
apen set V1 F AT TEERT St 1y

1hiF 5

442

Tum Uheer
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Ib) Prove that for any £> 0, there exist a natural number 77 such that E{E'
l
Rl O TR s () -8 W) Weeers Gaih A WA g WWWE{E [

T £50 @ A T veE natral W g aEfte B, o R ﬂlfsg"ﬁﬁﬁ‘r
WHTET 177
tel Show that the set of natural number M is unbounded above,
e o, N B FER unbounded Lic ]
natural M N ® T e affm v owh ger )

H-{m) Show that every point in 7 =(3, 7] is a cluster point of the set § = /0.
TS E I =[3. 7)-a3 2R e o 5= 1)@ -7 0% ‘cluster point’ T |
T=[3.7] = weirs g %2 §=/NQ B cluster fireg, &1 w0 T TR

(b} Show that the sequence {5, }; where Sﬁ:ﬁ-;-%er_;qa;!-!, ¥ne M is convergent,

THRE (U, W (S, | A S_-%+ EII“L"'L- Ve N & @iz )

L

A (5, ) WY 8§, n%+.-zji—l‘+.-.+i' ¥ne M convergent Br 5=t gwor 9 |
2! n!

1€} Prove thet derived set of bounded set is bounded.
o1 (1 26T (bounded set)-£3 “derived set” i 2% uga)
fermmagy HEW derived A2, Rrmaew @ w1 wmr o

—_—
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UNIVERSITY OF NORTH BENGAL
B.5¢. Honours 3rd Semester Examination, 2022

SECL1-P1-MATHEMATICS

Time Allotted: 2 Hours Full Marks: 60
The figures fn the margin indicaie fill marks

The question paper contains SECIA and SECIB. Candidates are required to
amswer any one from the nve SECT courses and they should mention it clearly
on the Answer Book.

SECI1A
LOGIC AND SETS

GROUP-A
(B Answer any four questions: Jxd = |2

(2] If ais an odd integer. establish that o° +(@¥2) +(a+4) +1 s divisible by 12.

(b} Describe the method of contradiction to prove an argument. 3
{c) Show that (Frgl=(pvg) sa muology. 3
(d) Detcrmine all solutions ininteger of 244138y =18, 3
el If pz35 isa prime Aumber, show that p® +2 is composite, 3
(M) Let A ={1, B35, 1 for i=1,2, .- then find UA, and ﬂ.d, ) 3
i=f a=]
GROUP-R
2 Answer any four questions: fxd = 24
i) Staste Fermat's theorem. Using induction prove that if poiE o prime. then i
a’ = afmod p) for any integer a.
by Forthree seis A, B, show that ATJBAC)= (AT} A AN f
fep Find  the pumber  of  non-negat v mieger  sobutions  of  the mnegualily [
ntoirp+x,+a+x<l0 where x =0, i=1,2, .6

Liti] D Uver
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(d) Find the H.C.F and L.C.M of the pumbers 12, 20 and 140 using set theory.
(€} Show that each integer divisor e>1 of @' +b° is a product of Gaussian prime
divisors g+fr of g° +h?, wnique up to unit factors.
(B (i) Find the negation of the following statement:
V& ApUpls ¥) nqlx, )} = rix, §)]
(i) Establish the validity of the argument:
Pvg
p=~q
=¥

aw F

GROUP-C
Answer any e questions

3. (a) How many relations are there on a set with » elements? How many of them are
reflexive relations?

(b) Define POSET. Show that the relation “=" is a partial ordering on Z.

4. (a} If 4 and B be two equivalence relations/on auset § then prove that AN B is an
equivalence retation.

(b) Prove that if » is an integer then w2 5,

5. (a) Explain tautology and contingeney. Construct truth tables to determine whether
the following statements are tautology or contingency:

(i) p=l@~ri}a-lp=gq)
(i) =(pr-glsn pig.

of the De Morgan's law,

(b) Prave that ,{_[U g]:ﬂ[d = 8). Show how this formula is the generalization
=l

6. (a), State and prove Euler's criterion.
(b} Verify that if p i an odd prime, then

[_E]_{ L, If p=l(mod &) or p =3I mod#)

el -1, il p = 5{mod §) or p = 7(mod§)

3101 2

1227 =3y
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SECIB
C4+
GROUP.A
1. Answer any four questions: x4 = |2
{a) What will be the output of the fullowing program?
# inchude <lostream:
vioid maimi §
{
mt a, b, c=50;
tloat age;
a=ig;
b=g+350;
ape =23
Coll & “"a=""wg & “\n";
cout < “h=" &b & "\ g™
cout & “o="ae & ™
cout < “age=" «age;
}
(b} What is an inline function? Is it possible to a'gm::_' illi:;.ing?
(¢) Write a C+=+ program to find the maximum of two fnput numbers.
{d) What are the most important differences between C and C++ 7
(2} Write a C++ program to find the absolute walue of an integer.

(f) What is friend function? Describe jts importance.

GROUP-B
Angwer any four guestions

Suppose there arc two st fites named filel.txt and fileZ.ixt. Write a C++
program  that reade the data filel.ixt and copy every alternative character to

file2.1xt.

fxd =24

Write'a O+ program to alternate rows and columns of a 4%4 matrix.

Which header file requires to calculate the length of a string? Write a Ct+
program to calculate the length of a string.

5, Write & C-++ program that will give the following output;
| 23 45

I 2 3 4
1 2 3
| 2
|

101 Tum Creer
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B What is inheritance? Whal are base and derived ¢lasses? Give a suitable example
for inleritance,

1. What is demonstrated by the following program?
# include < iostream =

using namespace std;

it main( )

{ intexponent;
float base, resuli = |;
cout ¢"“Enter base and exponent:™;
€in # base ¥ exponent;

cout 4 base <C " A" <&exponent 5 ="
while (exponent 1=0)

i
result -+ = base:
- - exponent;
!
cout << pesull;
return 0;
}
__GR@[IP-C
Answer any fwo gquestions

8. (a) Write a C++ program o detect and handle divide by zero ermors.

(b} Write a C++ program to find the sum of first 15 even numbers and their squares
sum.

9. (a) Write'a C++ program o find the factorial of & positive integer.
() Write a C++ program for sorting names in alphabetical order.

1{4a} What are copy constructor? Explain their need.

{b) Write a program in C-++ 1o illustrates the concept of overriding default operations
performed by a user delined copy constructor,

I L.{a) What is class? Describe the syntax for decluring a class with example.

(b) Write a program in C-++ to declare a class employes, consisting of data members
“employee no” and “employee name”. Write the member functions “mcept( 1" 1o
accept and “display( J" to display the data for five employees.

i

3m 4

2¥242

12%2 =724



