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Paper : GE4.1
( Algebra )

1. (a) 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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(d)

(b)

()

(d)

3. (a)
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Let * be defined on the set of all
positive rational numbers Q% by

a*b=ab/2. Show that Q' with the
operation * is an Abelian group.

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.

What is symmetry of a triangle?

How many lines of symmetry are there
in an isosceles triangle? Explain.

Prove that in a group there is only
one identity element.

If _(G,*) be a group, then show that
(@#*b)'=b'xa’l, for all q be G,

Or

Prove that when q be G, (ab)2 =a2b2,
if and only if G is an Abelian group.

Define permutation group.
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(3)

(b) How many generators 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. (a) 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. 5

5. (a) Define normal subgroup. 1

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

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

K={I(123),(132)} are not normal
in S4. 2

22P/1311 ( Turn Over )



(4)

(d) Show that a subgroup H of G is
normal in G if and only if xHx" le H,

for all x in G. 4

6. Answer any two of the following questions :
4%x2=8
(a) State and prove fundamental theorem

of cyclic groups.

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

() 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.

(d) 1If H and K are finite subgroups of a
group G, then show that

O(HK)=O(H)-O(K)/O(HAK)

7. (a) Define an integral domain. 1

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

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

(c) Prove that a non-empty subset S of a
ring R is a subring of R, if and only if
a be S=aba-beS. 3

Or

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

9. (a) Let Flx)=4x3 +2x% +x+3 and

glx) =3x% +3x3 +3x2 + x +4, where
fx), g(x) € Zg[x]. Find f(x)+g(x) and
f(x)- g(x). 2+2=4
(p) 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) BIBD3F b THRIPR el faan | 4+4=8
Define BIBD with an example.

(b) TR R @I Yot 2899 940 ¢ 4x2=8
Prove any two of the following :
(i) bk=uvr
i) AMy-1)=r(k-1)
(iii) b=zv

R G 1 > k, TS LS TS TN
a1t o 2 MR |

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

2. (a) wF© PR wie@ - 2x4=8
Define the following :

(i) RN Foe

Encoding function

(i) Rl T

Decoding function
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(7)

(i) =R A9
Hamming distance
(iv) 951 BRI (IO
Error correcting code

() B @ CI I@ (RS @ &[ TfE [l
g - 4+4=8
Given a code C, show that the following
two statements are equivalent :

(i) CI PAoH 799 dz2.
C has a minimum distance d > 2.

(i) ﬂﬁdwmiﬂ,CCﬂ%ﬁ?{@ﬁW

AT |

If d is odd, C can correct E;—l errors.

3. () coofEs RrERd T WHeR i f
sfer 2 52 4

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

(b) €51 RS X 8O G o/ ferarR wigen famn |
o1 Trraer fea | 4

Define action of a group G on a set X.
Give an example.
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(8)

(c) & G €O 2 SF X GO 352 | (ST @—

Let G be a group and X a set. Show
that—

(i) T X @B G-set T, (@ XI $7[{© GI
iz @O 2T afe™ 0: G = Sy IR FE;

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

(i) R @M TTIFRA ¢: G - Sy X7 °F©
G3 @b =y fEm R s 8

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

4. (o) ©=© AP SRR Siew fa 6

Define the following with examples :
(i) SIS
Idempotent matrix
(i) NFES @
Nilpotent matrix
(iij) TR Qe

Involutory matrix

(b) THATR RIS SR Siew fiy | 4

Define quadratic form with examples.
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5. (a)

(b)
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(9)

O fREION SRPRCE! ool SeReE o
Reduce the following quadratic form into

normal form :

Qx Yy 2)=xy+yz+zx

ftow offem FHa =[ta ¥ RaewE
&5 'Ry TR A0 ¢

Use row reduction algorithm to reduce
into reduced echelon form :

0 3 -6 6 4 -5
A=3 -7 8 -5 8 9
3 -9 12 -9 "1I5

A3 LU 730633 e -

Find an LU factorization
following :

of the

2 1401 92
=5 "3 =8 1
Ll Lt
(0l e LA = e |

6
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Paper : GE-4.3

( Combinatorial Mathematics )

1. oo fral eprRd Teq fra . 1x8=8

Answer the following questions :

(@) 3 "Cg="C, W, (@ " C,3 T Fefq 41 |
If "Cg = "Cy, then find "C,. |

(b) 2T M A
Prove that

. = RC Pl S0 T <in

(c) @1 2T AWF B R @0 g5 w2fe 1 foa
e n(A)=2, n(B)=3 WF n(AnB)=1
n(Au B)3 I Ay 3911
Let A and B be any two sets. Given that
n(A)=2, n(B)=3 and n(An B)=1. Find
n(Au B).

(d) $91 FAREA & &2

What are recurrence relations?

(e) @ TEF Fy(n)d nI @@ @& W‘("ﬁ
partitiond %311 J&H | P, (6)3 T A 31 1°
Let P;(n) denotes the number of

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

() Generating function@RS vt far |

Define generating functions.

(g) W= B [T :
Fill in the blank :
Co+C+Ca+..+Cy =

(h) TS (Hadamard) GRsd el a1

Define Hadamard matrix.

2. wwre faml erP Teq fa : 2x9=18
Answer the following questions :
(@) 450 & TI-TaA I 937 [geme 193 &
fima, 200 &7 AW KT F 80 TCA (P
b1 Ry 7eicg | AT Ry ofe wa-wal e 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.

(b) @M A
S(n+1, k+1)2S(n, k)
@a®mnzL 1sk<n
Prove that
S(n+1, k+1)=S(n, k)
whenever n21, 1<k<n.
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(c) ST FT :

ty =4{tn—1_tn—2)
fanem=t, =1 AWM n=09F n=1.
Solve

ty =4(tn—1_tn—2}
given that t, =1 for n=0 and n=1.

(d) 103 SYA AN SFCAIEN integer partitions
fadfy =11

Find all integer partitions of 10 into odd
parts.

(e) ©oR RBRGR [ =61 Pefa 1

8
' (2x +l]
X

Find the middle term in the expansion

8
(2x + l)
X

n
0 [n_l]awq 1 5 A s
Find a simple expression for

4]
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(g) Combinatorial 7o &2 (S THF e
gen e @R T ?
What is combinatorial design? When is a
design called balanced?

(h) Balanced incomplete block design
(BIBD)T k& faml «bi BIBDS Cofem
Steiner triple system Jf (PRI ZW?
Define balanced incomplete block design
(BIBD). When is a BIBD called Steiner
triple system?

() n® @7 %91 symmetric group S, cycle
index T 1 |

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

3. oo P R @A whr Tes fial 4x6=24
Answer any six of the following questions :

(@) B AFR 125 RF @ DR T A
o 0z TR | 29T TS 551 SF e were
751 op SR | GO QAR 86 2 T GG
7 el ACS AfSTO! TR 41 WS Feae T
opq Ted fid Al | (O T R e g
opTgR A P2
In an examination, a question papef
consists of 12 questions divided into two
parts, i.e., part-I and part-II contai-
ning 5 and 7 questions respectively.
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(b)

()

(d)
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(14 )

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?

rysq a {ifnd) Ll R
fa==8fa_1+4f,_ zaa“mwm?a’a Ificz
fn =29" +3 77

Show that the sequence {fakiis a
solution of the recurrence relation

Jn ==8fu1+4 fn 0, if f, =2(-4" +3,

oS Ml S{EWOE generate T T
fefy =

IRl O oy
I’S 0, B HTF |

Find the generating function for the
sequence

1 o0 finad,

where o is a fixed constant.

ST 41 :

fk_8fk—l+16fk-—2 =0
T f, =16 97 f, =80,
Solve
where f, =16 and f3 =80.
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(e)

(9)

4. o[ AR i @ sivom Tes fa

(15 )

59 f®re (partition )3 Si4m Ay 41 | Yrere
Cr{ST @ 53 Qe ([ SR CART P
R M 59 ST IRIERE A IR
RS TCIRe (3109 S 27 |

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

JOIT representation® n RTE  @oFe
202G (A D, 3 cycle index g w411
Find the cycle index of the dihedral
group D, in its usual representation on
n points.

(1521, 7,5 2) parameter(J<9d (S 90
BIBDY W% W2 ? (OWF T&q Ifecq 3o
ESIN

Does there exist a BIBD with parameters
(15,21, 7, 5, 2)? Explain your answer with
justification.

Answer any five of the following questions :

(a)

22P/1311

Multinomial THIICE SEY SF oM 91
a’b3c?d®3 T (a+2b-3c+2d+5)'6%

fREge fAdy 111 4+2=6

State and prove multinomial theorem.
Find the coefficient of a?p3¢24° in
(@+2b-3c+2d+5)!°.

6x5=30
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(16 )

(b) 100 (3 3 R FRIF W99 Ry =g IR
Teome 2, 3 WF 5 A=

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

{c) Derangement(I{ B R21,234.,n
(TePRA derangement(IIRS TR fA<f 51 1

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

I 25354 o) n 1+5=6

(d) Burnside’s lemmact Stad IR oM 01

State and prove Burnside’s lemma.

(e) Polyad TAMICOl SCEY SR 219 41 |

State and prove Pdlya theorem of
counting.

() <= FMIERT @[ 5 Gl fors 3x2=6

Write short notes on the following :
() Latin square design

(i) t-design

L& & 1
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