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Paper: GE-4.1

(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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(c) Let * be defined on the set of
positive rational numbers by
a ♦ b = ab / 2. Show that with the

operation ♦ is an Abelian group. ^

(d) iDescribe 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 trian^e? 1

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

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

(d) If (G,») be a group, then show that
(a * b)'^ = b~^* a"^, for all a, be G. ;

Or

Prove that when a,beG, (ab)^ =a^b^,
if and only if G is an Abelian group.

3. (a) Define permutation group. 1
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(b) How many generators are there in an
infinite cyclic group? 2

(c) If a, 6 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, ̂  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

(c) Show that subgroups // = {/, (12)} and
~  (123), (132)} are not normal

in S4. 2
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(d) Show that a subgroup H oi_G is
normal in G if and only if xHx Q H,

_  4
for all X in G.

4x2=86. Answer any two of the following questions .

(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
cycUc, where Z(G) is centre of G, then
show that G is Abelian.

(dl If H and JC are finite subgroups of a
group G, then show that

0{HK)^0(H)'0(K)l0(HnK]

7. (a) Define an integral domain.

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

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

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

1

4

3
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^  ̂ integers.Show that E is the set of all even
integers is an ideal of Z. 3

(c) lYove that a non-empty subset S of a
ring is a subring of R, if and only if
Of b s S Q,bf Q—b G S. 3

Or

Prove that for every prime pj Zp the ring
of integers modulo p is a field.

9- (a) Let fix)^4x^+2x^+x+3 and
gix) =3x'^ +3x^ +3x^ +x+4, where
fixhgix)eZ5[x]. Find f{x) + g{x) and
fix)'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 (x'^ +1^ is not prime
in Z2[x].
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Paper i GEI^-4.2

(Application of Algebra)

1. (a) BIBD^ ̂  ^ ' 4+4=8
Define BIBD with an example.
y

(b) <?PIPn ̂  !Pni ̂  : 4x2=8
Prove any two of the following :

(i) bk^vr

(n) =

(iU) b^v

■5\^ 21^ '

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

2. (a) ^ ' 2x4=8
Define the following :

(i)
Encoding function

(U) (^C41R>^
Decoding function
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(iii) ^

Hamming distance

(iv) ̂  CTO

Error correcting code

(b) C? ̂  Offs^ cq vgsR ̂  ̂
4+4=8

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

(i)

C has a minimum distance d ̂ 2.

2

•  W 1If d is odd, C can correct —^ errors.
2

3. (a) >iv|(v|vii<f I

Define S3rmmetiy of a set of points in
space. Define group of symmetry.

(b) ^8^ G %T I
^  % I 4
Define action of a group G on a Set X.
Give an example.
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(c) «HI

G be a group and X a set. Show
that—

(i) G-set G^
<>: G

if X is a G-set, then the action of G
on X induces a homomorphism
(j); G —> S;f;

(U)

G"^ ^ ®
any homomorphism (J):G->S;i^
induces an action of G onto X.

4. (aj ̂  ^ ^
Define the following with examples :

(i)

Idempotent matrix

(U)

Nilpotent matrix

(iii) wG^
Involutory matrix

(b) I ^
Define quadratic form with examples.
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(c) ̂  ^{CSfs^ 1% . g
Reduce the foUowing quadratic form into
normal form :

Qix>U = xy+yz+zx

5. (a) ^ ̂
^ : g

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 6 15

(b) LU ^^85T :

Find an LU factorization of the
following :

~ 2 4 -1 5 -2

-4-5 3 -8 1

2  —5 —4 1 8

0  0 7 -3 1

i4 =

8
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Paper i GE-4.3

(Combinatorial Mathematics)

1. ^ ̂ ' 1x8=8
Answer the following questions :

(a) ̂ '^Cg =

If "Cg = ''Ca, then find '^Ca-

(b) ^

Prove that

'^Pr = 0<r<n

(c) »Ri A s fit wn?n ̂  I fisi
^ n(A) = 2, n(B)=3 n(AnB) = l.
n(A>jB)^ ^ I

Let A and B be any two sets. Given that
n(A)=2, n(B) = 3 and n(AnB) = l. Find
n(AuB).

(d) ?
What are recurrence relations?

(e) W
partition*! I F^(6)^ '

Let Pj (n) denotes the number of
partitions of n into distinct parts. Find
Pd(6).
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(f) Generating ftinctionC^R^ 'K®! I

Define generating functions.

(g) ^ ^ :

Fill in the blank :

Cq+Ci+C2 + +Cfi -

(h) (Hadamard) I

Define Hadamard matrix.

2. ^ %T : 2x9=18

Answer the following questions :

(a) 450 ̂  W I^WRFS 193
R«8m, 200 80 c,4>l<:4l

I  ̂ R>i|H ?

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) 2Rin ̂  Q\

S(n + 1, k + 1) ̂S(n, k)

c<iR><ii n ̂1, 1 ̂  k.^ n.

Prove that

S(n + 1, fc + l)^S(n,A:)

whenever n^l, l;^fc^n.
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(c) ••

tji ~

tfi = 1 ^ ̂ ~

Solve

^n. ~ ̂(^n.-l'~^/i-2)

^ven that = 1 for n = 0 and n = 1.

(d) 1(H integer partitions
^ I

Find all integer partitions of 10 into odd
parts.

(e) 1^®!^ :

Find the middle term in the expansion

(-♦a*
If) r " ̂ mi 461 w#i ISri I

Find a simple expression for

n

n-1
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(g) Combinatorial ̂  1%?
^  ■^'^7

What is combinatorial design? When is a
design called balanced?

(h) Balanced incomplete block design
(BIBDH BIBD^
Steiner triple system ^ C^RT ?
Define balanced incomplete block desi^
(BIBD). When is a BIBD called Steiner
triple system?

(i) ni^I csn»r W symmetric group cycle
index ^ I

Find the cycle index of symmetric group
Sfi of n elements.

3. W 2I?PI^ ft ^ ft?IT : 4x6«24
Answer any six of the following questions :

(a) 12i5l sm sraws ̂
ft̂  I 5^ ft̂
7^ snj I ^13^ 8^ 2RJR ^siClTCI

2ff^ ^ 3T5lt^
2f*K vS^ I cvscg ftRR
2Rpr5^ ^ft4 ?
In an examination, a question paper
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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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) (?l {fn) ^

/n =~3/n-l +4/„_2'^
=2(-4)" +3^1

Show that the sequence (/„} is a
solution of the recurrence relation

/n =-3A-1+4/„_2, if/„ =2(-4r +3. .

(c) ^ generate
^ :

1, a, a^, a^, ...

4*^ a I

Find the generating function for the
sequence

1, a, a^, a3^

where a is a fixed constant.

(d) ^ :

/fc-8A-l+16/fc_2=0
^^5/2 =16^/3 =.80.
Solve

A  +16/fc_2 =0
where /a =16 and /3 =80.
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ie) 5^ (partition)^ ^ |
c^ 5^ c^5f ^5R»it5r c^ ̂
^'«iJi s^.^-si Ssr c^

'RR ̂ 1

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

(f) representation^ n 1^^
cycle index ^ I

Find the cycle index of the dihedral
group Dfi in its usual representation on
n points.

(g) (15, 21, 7, ̂  2) parameter<Rm Sto

BIBD? ? OTIR

^1

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

4. 2f!PT^[^ "R C^lCll "felT : 6x5=30

Answer any five of the following questions :

(a) Multinomial 2RTT
(a+2h-3c+2d+5)^®^

^ I 4+2=6

State and prove multinomial theorem.
Find the coefficient of in
(a+2i>-3c+2d+5)'®.
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(b) 100 ̂  ̂ ^
2, 3 ̂  5 ̂  ?

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

(c) DerangementC^ ̂  1%? 1, 2, 3, 4, ..., n
derangementC^m ^ I

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

1, 2, 3, 4, n 1+5=6

(d) Bumside's lemma^ ^ 2pn®f ̂  I

State and prove Bumside's lemma.

(e) Polya^ ^ Sfsn®! W I ^

State and prove Polya theorem of I
counting. /

(f) ^5^ v8^ ̂  ^ ; 3x2=6 '
Write short notes on the following :

(i) Latin square design

(n) t-design

★ ★ ★
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