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Four Year Under Graduate Programme (FYUGP)

2nd Semester Examination (Under NEP)

MATHEMATICS (Major)
Paper Code : MTMMJ MC-03
(Real Analysis I)
Full Marks : 40 Time : Two Hours

The figures in the margin indicate full marks.
Candidates are required to give their answers
in their own words as far as practicable.

Group - A
1. Answer any five questions : | 2x5=10

(@) Let §= m+—1-:meN,neN}. Find the derived
n

set of S.

(b) Show that lim lsin—l- does not exist.
x=0 x X

(c) Show that the function f : (O, 1) — R defined by
f(x)= L for all xe (0,1) is not uniformly
X
continuous.
P.T.O.
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(2)

@) If f:R >R satisfies | £(x)- £(¥)|<(x-y)

for all x, yeR, prove that f is a Constant
function.

l+l+l+---+ 1
3 5 2n+1=0'
2n+1

(e) Prove that lim

@ Verify the Rolle’s theorem for the function of f

defined by f(x)=x*+cosx on

xe[-x/4, /4].

@vaethatifx,yarerwlnumberswiﬂlx<y,then
there exist a rational number 7 such that x <r <y,

PES

Group - B

Answer any six questions : 5%6=30

2. Prove that the intersection of an arbitrary collection of
closed sets in R is a closed set. Is it true for arbitrary
union? Justify your answer. 3+2

@ Prove that every bounded sequence of real numbers has
a convergent subsequence. 5

4. Let S be a non-empty bounded subset of R with
supS =M and infS = m. Prove that the set

T={]x—y|:x,yeS} is bounded above and
supT'=M-m. 5

—

(3)
5. Test for convergence of the  series
.1.+1!+ 51 + 30 +-+, for x> 0. 5

6. Prove that if f is continuous on [a, b] and

f(x)€[a, b] for every x€[a, b], then £ has a fixed
point. 5

7. Let AcR and a function f:4—>R be uniformly
continuous. If {xn} is a Cauchy sequence in 4, prove
that{f(xn)} is a Cauchy-sequence in R. 5

_8< Find the value of p and g such that

lim x(l—pcos;c)+qsinx _1

*-0 x 3
assume that the 'Hospital’s rule is applicable. 5
9. Use Taylor’s theorem to prove that
1+§—%<\/1+—x<1+§ if x>0. 5

A0. State and prove the Lagrange’s mean value theorem. 5

P.T.O.
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et - =

s @ @It st arex Ter we xe=%o

@) I S={m+l:meN,neN}, SRt S-937 ‘

n

&g (Derived) GO (3 I

(}) o8 @ lim Lsinl -9z oy &3
X

x-0 x
(1) orte @B £:(0,1) >R @B f(x)=1,
X
R x€(0, 1) TR FERS, TSI FFS 7T
(@ ;M f:R>R TG A YT x 6 -9 Gy

|/ (x)-7()|s(x-y) wrt B =7, orave @
[ = &3F ST |
_+...+#

!
() &9 0 lim—3 5 2n+1 ),
n—w 2n+1

(®) f(x)=x*+cosx, xe[—zr/4, 7r/4] CAFIOA
T#7 Rolle’s Sosimfy IR I | |

(® &m9 I @, M x,y (x<y) I et =7,

R 3D ™ (rational) 3¢
r <7 y 2o T 7 HAteAr AT T

3

9|

8|

el

Y|

al

(5)
et - «
@ At o 2w Tan we

21 IR T R -4 35 (closed) (B CIITA A2tz
&7 930 I® G (closed set)| «fb & @ e
MEATZA ALITAA (union) & ASJ? (T T@ELAA
el & e | o+

2 A (@ AT YA A wRE FEFEeE
(Bounded Sequence) @36 wfeAd w@w

(Convergence Subsequence) JCACR | @
4fF S, R-97 I AT 70 R TRE TATH IR
supS =M @R infS=m| &Fq ITIT T GO
Corg  AWRE GR

¢ xYv=90

T={|x—y|:x,yeS}
<4

supT’=M-ml|
AT St +Frmw It
x, 22x2 33X
1+1!+ T + 3 +eeey x> 0-9F G ¢

AN FA W £ AYS W [a, 5] -97 T aR
f(x)e[a,b] 78 xe[a,b]-9q &, A [
S 48 R (fixed point) I | e
47 AcR @R 4-97 AT f: 4> R a3
FWSIE AWS (uniformly continuous) | IF A~ Toit

P.T.O.
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( 6 )
{x} @3 Cauchy w 7, O (rate (T R -7

AR {f(xn)} 936 Cauchy &% =(J| ¢

vl p @R g &3 W {7 IW AT

x(1- pcosx)+gsinx

lim 5 , 43 We d

1

x—0 X 3
L’Hospital faast eitatey | ¢

S| (GFCIF Totelivy (Taylor’s Theorem) AT FCT &N

3
A 1+§-x?< 1+x<1+§‘ﬂﬁx>0l ¢

So| Lagrange-99 mean value Totoo Rgo A @R &
IR | ¢
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Four Year Under Graduate Programme (FYUGP)
2nd Semester Examination (Under NEP)
MATHEMATICS (Major)
Paper Code : MTMMJ MC-04
(Abstract Algebra)
Full Marks : 40 Time : Two Hours

The figures in the margin indicate full marks.
Candidates are required to give their answers
in their own words as far as practicable.

Group - A
1. Answer any five questions : 2x5=10

(@) If ais a unitin a ring R, then show that a is not
a divisor of zero.

;b) Let (G,*) be a group. Show that (G, *) is
abelian if (a*b)-l =g '*p”! forall a, beG.

(c) Show by an example that union of two subgroups
of a group G is not necessarily a subgroup of G.

P.T.O.
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(2)
(d) Show that the groups (IR', ) and (R, +) are not
isomorphic, where R' =R\{0}.

(¢) f R is a ring such that a?=aV geR, thenpmve
that 2b=0V beR.

(f) Show that every group of prime order is cyclic.

(®) Find all the subgroups of the group (Z +)

10°

Group - B
Answer any six questions. 5%6=30
(@) Prove that any infinite cyclic group is isomorphic

o (Z,+).
(b) Define centre of a group. Prove that the centre of
a group G is a subgroup of G. 3+2
(a) Prove that a finite integral domain is a field.
(b) State the first isomorphism theorem of groups.
3+2

(a) Show that SL(2, R) is a normal subgroup of
GL(2,R).

(b) Let G=(Z,+), G'=(2Z,+) and a mapping

o

(3
@:G—>G' be defined by p(a)=2a, aeG.
Examine if ¢ is a homomorphism. 3+2

5. ka) If R and R’ are two rings and f:R>R isa

homomorphism,thenshowthatkcrfismidmlof
R

(b) Find all units of the ring (Z,, +, - 3+2

6. Lat s~={(; g):a,bez} and T={(g g}a,bez}.

Show that S is a left ideal but not an ideal of M,(Z)
whereas T is a right ideal but not a left ideal of M,(Z)

where Mz(Z)={(f q) P, seZ} 5

{- Let R be a commutative ring with unity 1#0. Then
show that an ideal M is maximal ideal if and only if
R/M is afield. 5

8. (a) Let G be a group and H be a subgroup of G.
Prove that any two left cosets of H in G are either
identical or they have no common element between

them.
(b) Give an example to show that converse of
Lagrange’s theorem is not true. 3+2
9. (a) Show that a field has no proper ideal. *
P.T.O.
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( 4)
(b) Let G be a group. Prove that if x*=¢ Vx€G,

then G is commutative. 3+2

10. (a) Find all group homomorphisms from (Z " +) to

(Z 6 +).
(b) Determine whether the following permutation f on

123456
23561 4)

4+1

S, is even or odd where f=(

T[AIM
et -2
s @ I ol 2re Ter Wi ¢ XE=>%0

(F) a M R IET GIH GFF (unit) TF, O TS
@, a foeiz o &t (divisor of zero) 7H|

Q@) @, (G,*) @3 w1 @Me @, (G,+)
SRR 23 I AT 0, beG -9 o
(a*b)-I =g '*p7! 7@

(o) <= TrRTa TR e @ 93 T G-a

% ST AL (union) 3B Soteet e T
ATA |

(5)

@ ore @ (R',) & (R, +) TR isomorphic
7, @A R =R\{0} |

(¢) &M R IH a’=aV aeR W, O 24 J0aA
@, 2b=0V beR TAI

(5) N8 @ 2O (N TR WaT G0 id 7ot |

® (z +) AT IR BoeralE I IR

10°

et - 4
@ Q@I T AT TE e | €xv=00
L () 2 I @ G S S T (Z, +) o
AT isomorphic |

(}) SR G T (FTHR TG 7S | 2T FCA T
G G VR (A O I TAT | o+

ol (F) 2N IR @ I A LA (G (integral
domain) T @0 CFA|

(}) weer 2w Soeitlt fRge It o+
81 (¥) idte @ SL(2,R), GL(2,R) T azfd
JeiRF (normal) Twe |

P.T.O.
GN-3/67 - 900



( 6 )

() W G=(Z,+), G'=(22,+) GRG0 TCAHS
¢:G->G', p(a)=2a, aecG TN &I ¢

@3 RTNTARFET (homomorphism) &=t o
EY IR 0+3

¢l () I RARR'YPBITWI IR f:R> R 0
RIS (homomorphism) &, S (e (@
ker f, R~ @3 ideal |

Q) (Zy, + ) TR T ¢ TeAmef I
I O+

o s={(; g}a,bez}, T={(g z}a,bez}

e (@ S @I I ideal TR ¥ M, (Z) I
a3 =wiEfewe (ideal) I «t @R T @36 ©F
wigfeaE (ideal) I FE M, (Z) ICIF AN
wiEfeae (ideal) TR | @A

Mz(Z)={(f zJ:p,q,r,seZ}l

4| @, R <3 FPHTE I @R 1e R(1#0) | O
mate @, <% SNRfeae M wifEEE wnEfewte
(maximal ideal) TR IWM @R @G 3 R/M GF0
Fa 2 |

vl (F) €9, G 9= w& @ H el G-a7 93 Toiwed |

1@ (2,+) aw (z,, +) el T T
Ry (homomorphism)-afe fy I

() FffRe £ simgsm s
? -3 Tog
Roee o f wcar; .

f=123455
235614 8+3

_—

GN-3/67 - 900



FYUGP/2nd Sem/24(NEP)
2024

Four Year Under Graduate Programme (FYUGP)
2nd Semester Examination (Under NEP)
MATHEMATICS (Major)

Paper Code : MTMMJ SEC-02

(Set Theory)
Full Marks : 40 ‘ Time : Two Hours

The figures in the margin indicate full marks.
Candidates are required to give their answers
in their own words as far as practicable.

Group - A
1. Answer any five questions : _  2x5=10

(a) Let 4, B and C be three sets such that
ANB=ANC and AUB=A4UC, then prove
that B =C.

(b) Given sets A= {a,b,c} and B= {b,c,d,e}.
Find AAB. |

(c) Give an example to show that composition of
functions is not commutative.

P.T.O.
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@) If n(4)=4 and n(B)=7, then find the

diﬂ'amcebdmmmmd

(¢) Define a distributive lattice. -
(f) Show that p={(a, byeZxZ:a-bis a multiple
of 5} is an equivalence relation on Z.
() What is the remainder when 1140 is divided by 8?
Group - B
Answer any six questions. 5x6=30
2. (a) Let X and Y be any two sets. Prove that
(XﬂY)' =X'UY" where X' denotes the
complement of X.
() Let 4, B and C be three sets. Prove that

((A\_B)U(AﬂB))ﬂ((B\A)U(AUB)’) =p.
243

5. Let 15 >R be defined by /(s) =, xeS
il P 3

where S={xeR:-1<x<l}. Show that the mapping
fis a bijection. Determine -1,

( 3 )

4 Define a countable set. Show that the set of all positive
rational numbers is countable. 1+4

5. (a) Let f:X —Y be a function, then prove that
if f is injective and A4,Bc X then,

f(A\B)c f(4)\f(B).
{b) .Prove that for any non-empty sets 4, B and C,
Ax(B-C)=(A4xB)-(A4xC). 243

6. On the set Z, define a relation R by aRb if and only
if a*-b* is divisible by 3. Show that R is an

equivalence relation. Find the corresponding partition on
Z. 3+2

(@) Let neN and S be the set of all positive divisors

of n. In the poset (S, <) where a<b means a

z

is a divisor of b for all a,be S, prove that
anb=ged(a, b), avb=Iem(a, b).
(b) Define a poset. 4+1

8. For any a, b, ¢, d in a lattice (L, <), if a<b and

c¢<d, then show that avc<bvd and anc<had.

5

. Find all the equivalence relations on the set
4={1,2,3}. 5
P.T.O.
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( 4)
10. (a) LetLbea bounded distributive latti.oe. T:hen prove
that if a complement of L exists, it is unmique.

(b) Suppose X and Y are two finite sets such that

| x|=2 and |y|=3. Find 1

functions that can be defined from X into Y. 3+2

he number of

THRM =
et -
:lmmmmﬁvﬂm: IXE=50

(F) @4, B C f=f o6 e ANB=4NC
e AUB=4UC =7, ozt e ¥ B = Cl

() ons A={a,b,c} aR B={b,c,d,e}l AAB
T IR

(o) =B Tz @R (TS @ SRR ICAAfEr
(Composition) FYWHTS (Commutative) !

(@) T n(4)=4 < n(B)=7 |, °W
n(AUB)MWGWWWﬁ:@
FR

() 3 distributive lattice-a3 AT WG |

(5) @de @A p={(a,b)eZxZ:a-b T 5-93

( 5)

ofdeTF}, Z-97 Bog g
. Adig oo
(equivalence relation) | R

(® 11907 8 @RI Ot I FS ST AR
?
et - ¢
@ I o evaw Teg we | Exb=00
/@ WX R YA QA G G 2 orzwer et

A (XnY)'=X'UY’, QAT X' =5 X-97
FAATGTG (complement) |

(¥) 4, B R C f&3f6 16 2rer et Icat @
((A\B)U(AﬂB))ﬂ((B\A)U(AUB)')=¢l

I+

ol | f:S>R, f(x)= , xS TR @S

X
1-[x]|
AT S={xeR:-1<x<1} | A8 @ f W
G ARTETAT | -1 T T ¢

81 935 TG BT AR WS | (A8 (T AT
AT T MY G5 G0 AN Go1 d+8

¢l () @ f:X>Y G0 AT | SR AN I

P.T.O.
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( 6 )
@ T [ Eehe wremws W GR 4, B X,
ot f(4\B)c f(4)\f(B)!

() 29 IR @, @ @I = e WG (non-
empty) 6 A4, B 4R C-93 G«
Ax(B~C)=(4xB)-(AxC) 3+

Y| Z G067 Tom @I 7w R G330 WO X, aRb
I @@ W o -p?, 3 R Rewg | ore

@, R 936 ATGe F¥E| Z -97 T TR Af*H
(Partition)-&f& Refa 3tan| O+Y

4 (F) @ neN IR S T n-97 TE 4GS &I
@1 (S, <) (ACIE a<b-97 WA & a, b-GF
©EF, A AT a,be S -97 T AT, &
IR @ anb=ged(a,b), avb=Ilem(a, b) |

(R) =% (AT ALt WG | 8+

vl (L, <) <= lattice-q, @ @I a, b, ¢, d-97 G
W a<b GR c<d W, SR € @ ave<bvd
R anc<bnd | ¢

51 A=1{1,2,3} GT06 AT TAYey e @@ 0|
(<4

ol (F) L «Rfb am distributive lattice | rzre et gt

(7))

@ I L-9g3 ﬂﬁmﬁmm

() S IF X T o o .

@R |Y|=31 X ¥z Y F0afet o scmifis

F! ;IR o 7 3031 oty
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