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Paper : GE4.1
( Algebra )

1. (@) Define the order of a group. 1

(b) The set of integers with respect to
usual multiplication does not form a

group. Justify it. 2
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(2)

(c) Let * be defined on the set of all
positive rational numbers QF by

a*b=ab/2. Show that Q* with the
operation * is an Abelian grour;- 5

(d) Describe the symmetries of a square. >

Or
Show that every permutation of a finite

set can be written as a cycle or as a
product of disjoint cycles.

2. (a) What is symmetry of a triangle? 1

(b) How many lines of symmetry are there
in an isosceles triangle? Explain. 3

(c) Prove that in a group there is only
one identity element. 2

(d) If (G *) be a group, then show that
(a* b)’l =blxa}, for all q beG.

3
Or
Prove that when g, be G, (ab)? = q2b2,
if and only if G is an Abelian group.
3. (a) Define permutation group. 1
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(3)

(b) How many génerators are there in an
infinite cyclic group? 1

() If a b are any two elements of a
group G, then show that the equations
ax=b and ya=b have unique
solutions in G. 4

Or

Prove that the set G={1 2, 3, 4, 5, 6} is a
group with respect to multiplication
modulo 7.

4. (@) Give an example to show that a coset
may not be a subgroup of a group. 1

(b) Let H and K be subgroups of G. Show
that HK is a subgroup of G if and
only if HK =KH, 4

(c) State and prove Lagrange’s theorem. S

5. (a) Define normal subgroup. 1

(b) Show that the centre of a group G is
a subgroup of G. 3

(c) Show that subgroups H={] (12)} and

K={(123),(132} are not normal
in S,. 2
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(4)

(d) Show that a subgroup H of G is
normal in G if and only if xHx™' ¢ H,
for all x in G. 4

6. Answer any two of the following questions :
: : 4x2=8

(a) State and prove fundamental theorem
of cyclic groups.

(b) Prove that every quotient group of a
cyclic group is cyclic. ’

(c) If G is a group such that G/Z(G) is
cyclic, where Z(G) is centre of G, then
show that G is Abelian.

A

(@ i H and K are finite subgroups of a
group G, then show that

O(HK)=O(H)°O(K)/O(HOK)

7. (a) Define an integral domain. 1

(b) Show that, in a ring R, a-0=0, for all
a€R. 2

(c) Find the addition and multiplication
modulo 10 of the ring {0, 2 4,6, 8}.. 4

8. (a) Show that, a non-zero finite integral
domain is a field. 3
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(5)

(b) Let (Z,+-) be the ring of integers.
Show that E is the set of all even
integers is an ideal of Z. 3

fc) Prove that a non-empty subset S of a
ring R is a subring of R, if and only if
abeS=aba-bes. . 3

Or

Prove that for every prime p, Z p the ring
of integers modulo p is a field.

9. {a) Let F(x)=4x3 +2x2 4 x+3 and

g(x) =3x* +3x3 +3x2 +x+4, where
f(x), glx)e Zs[x]). Find f(x)+ d(x) and
f(x)- gix). 2+2=4
(b) If D is an integral domain, then show
that D[x] is an integral domain. 4
Or

Show that the ideal <x2 +1> is not prime

in Z,x].
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Paper : GE-4.2

( Application of Algebra )

1. (a) BIBDT &bl T e f 4+4=8
Define BIBD with an example.

(b)%ﬁ@mvpmqw: 4x2=8
Prove any two of the following :
(i) bk=vr
i) AMp-)=rk-1)
(i) bzv

@ O r > k, TS AT IS ToW
o & 20 FRE

And therefore r >k, where the symbols
have their usual meanings.

2. (a) oS TapwR i@ 2x4=8
Define the following :

(i) SRR FoH

Encoding function

(i) IR Fom

Decoding function
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(7)

(i) s 7
Hamming distance
(iv) T BRI (I
Error correcting code

(b) @mcxm@i@@w@ﬁs@r
b 4+4=8

Given a code C, show that the following
two statements are equivalent :

(i) CI TN G d>2.

C has a minimum distance d > 2.
(i) 3 d g =, cad—z‘li‘ryﬂwwﬁa
I |

If dis odd, C can correct d—z—l errors.

3. (@ @Wﬁmmwﬁmmﬁm

Define symmetry of a set of points in
space. Define group of symmetry.

(b) <1 IS X7 e[S G FR R Tk FH |
o7 BT i o 4

Define action of a group G on a set X.
Give an example.

22P/1311 ( Turn Over )



(c)

4. (a)

(8)

(@1 G Bl ol I X i1 A | (A G—

Let G be a group and X a set. Show

that—

() I X G G-set W, (@ X &7 G
R BT IR ¢: G - Sy IR F;

if X is a G-set, then the action of G
on X induces a homomorphism
$:G - Sy;.

(i) R @I LTI 9: G - Sy X &°RC
Gv b oy e R

any homomorphism  ¢:G— Sy
induces an action of G onto X.

wore TP SrePR e i

Define the following with examples :

() See®s af

Idempotent matrix

(i) s b
Nilpotent matrix

(iii) TR alE

Involutory matrix

(b) SR Rl SR e

22P/1311
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(9)

(c) S RIS SRR Toler SRR R 6

Reduce the following quadratic form into
normal form :

Qlx Y z) = xy+yz+2x

5. (@) Rfow aew A R T R
R IR =@

8
Use row reduction algorithm to reduce
into reduced echelon form :
0 3 -6 6 4 -5
A=13 -7 8 -5 8 ¢
3 -9 12 -9 6 15
(b) A LU F55'3i%5e Sfersar : : 8
Find an LU factorization of the
following :

2 4 -1 5 -2
-4 -5 3 -8 1
2 -5 41 8

0 0 7 -3 1

A=
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Paper : GE-4.3

{ Combinatorial Mathemaﬁcé )

1. wore o e Ted i - 1x8=8

Answer the following questions :

(a) ﬁ nCS = nCz =, 3@ "Czﬁﬂﬁﬁ‘fﬂaﬁn
If "Cg = "Cy, then find "C,.

(b) a1 T A
Prove that

np, ="Crl, 0<rsn

(0 w2 A wE B @on RS
% n(d)=2, n(B)=3 ¥ n(AnB)=1
n(Au B)3 TW BT =11
Let A and B be any two sets. Given that
n(A)=2, n(B)=3 and n(AnB)=1. Find
n(Au B).

(d) 7 TR R

What are recurrence relations?

() @ 2F Py(n)d nI Q@ Q@A NN
partitiond R T&W | P, (6)F T fAefy 711

Let P;(n) denotes the number of

partitions of n into distinct parts. Find
P, (6).
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(11 )

(1 Generating function(JRY & |
Define generating functions.

(@) R S [T Fq :
Fill in the blank :
Co+C+Cr+...4C, =

(h) ¢ (Hadamard) (e ke faan |
Define Hadamard matrix. '

2. we foql eppi Ted R 2x9=18
Answer the following questions :
(a) 450 59 QI-YA 1 93 Rgems 193 o

=M, 200 S AT AT IF 80 A @A
1 RET oI | FLA01 REF o0 Ta-7d R 2

Out of 450 students in a school, 193
students read Science, 200 students
read Commerce and 80 students read
neither. Find out how many read both.

() WMIIFN A
Sin+l, k+1)2S(n k)
@AM nz21 1sk<n
Prove that
S(n+l, k+1)28(n, k)
whenever n21, 1<k<n.
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(c) TR 1 :

t, =4(thy —ty-2)
et =1 AN n=0 AF n=1

Solve

t, =4ty —th-2)
given that t, =1 for n=0 and n=1.

(d) 103 SFA SR FI(EEN integer partitions
fads 711

Find all integer partitions of 10 into odd
parts.

(e) =R RERGR T bt Pl 1

8
(2x + l)
X

Find the middle term in the expansion
8
(2x+-1—)
x

0 [ "1]amwﬁrwmﬁM|

n-

Find a simple expression for

L]
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(13 )

(9) Combinatorial T 7 (o9 &% @R
e I @RI T2
What is combinatorial design? When is a
design called balanced?

(h) Balanced incomplete block design
(BIBD)I e faar1 <% BIBD® (@fem
Steiner triple system 31 W1 7?2

Define balanced incomplete block design
(BIBD). When is a BIBD called Steiner

triple system?

(i) n¥ (NS <FT symmetric group S, ¥ cycle
index A« 11

Find the cycle index of symmetric group
S, of n elements.

3. oH PP R @ werR T far - 4x6=24
Answer any six of the following questions :

(a) <1 “RFE 1251 PR G RIS B 0TS
Rew (2 1R | 2447 w7 561 O1F B8 were
751 2Py ©ICR | O QAR 801 2R e e
fa3 =eet TS AfSTHT SR o WS TS 3w
2P Taq 1 e | (OB e gaR RN w1y
oPPTR M IR ? _
In an examination, a question paper
consists of 12 questions divided into two
parts, i.e., part-l and part-II coptai-
ning 5 and 7 questions respectively.
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A student is required to answer 8 '
questions in all, selecting at least 3 from

each part. In how many ways can a
student select the questions?

(b) S A { Tk Rk TR
Fo==3fn_1+4 fr_p3 &0 MW 33, A2
T =2(—4]" +3 34 |

Show that the sequence {f,} is a
solution of the recurrence relation

Jo=-83faa+4fag, if f =2(-4" +3.

(c) oo frm WWZW? generate A1 FEATD!
fefa =1 -

L o a2 a3, .
7S 0, B! F4 |

Find the generating function for the
sequence

1 o az, as,
where o is a fixed constant.
(d) ST A
Tu =81 o +16f;_5 =0

TS f, =16 S f, =80,
Solve

S =8fk1 +16f;_, =0

where f, =16 and fa =80,
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(€) 53 ReI& (partition)d Sk Py 391 | rore
(IS @ ST @ QO SN W1 o
Reem R 59, ST wORRE & oI
RewEm™T os w0 |

Find the number of parﬁﬁoné for 5.
Hence show that partitions of 5 into
distinct parts equal the number of
partitions of 5 into odd parts.

N TERe -representation® n - RFY /e
SIXRYE (6 D, 3 cycle index fd¥ 371
Find the cycle index of the dihedral
group D, in its usual representation on

n points.

(g) (1521 7,52 parameterQRd 0TS <o
BIBDF Wi¥% W% ? (OWR B8 R 361
I
Does there exist a BIBD with parameters
(15 21, 7, 5, 2)? Explain your answer with
justification.

4. oo PR R e Ao eq faan - 6x5=30

Answer any five of the following questions :

(a) Multinomial ool BCEY o 21T 04
a2b3c2d%7 @ (a+2b-3c+2d+5)167
e A 1 4+2=6

Itinomial theorem.
State and prove.mu 23,205
Find the coefficient of a“b”c

(a+2b-3c+2d +5)'°.
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(b)

(c)

(@

(e)

(16 )

100 O3 3% I N S¥e WY g I
BT 2, 3 IF 5 737 9

How many positive integers less than
100 is not a factor of 2, 3, and 5?

Derangement@R & 37 L 234.,n
(NP derangement@RT AN Fefy o1 |

What are derangements? Find the
number of derangements of the elements

,234.,n 1+5=6

‘Burnside’s lemmach gy $R o= 991 |

State and prove Burnside’s lemma.

Polyad Toiomichi Tcwy IR o 340 1

State and prove Pélya theorem of
counting.

TS AR @S By o forat 3x2=6
Write short notes on the following :

(i) Latin square design

(@) t-design

% % Xk
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