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The figures in the margin indicate full marks
Jor the questions.

All symbols have their usual meanings.

Paper : GE—4.1
( Algebra )

1. (a) State True or False : 1
Addition of natural numbers in binary
composition is not associative.

(b) Define centre of a group. 1

{c) Show that the subset {1, -1, i, —i} of the
complex numbers is an Abelian group
under complex multiplication. 5

(d) Prove that a non-empty subset H of
a group G is a subgroup of G iff

a,be H=>able H 4

26P/1314 ( Turmn Over )



(2)

Show that the centre of a group G is

(e)
a subgroup of G. 4
Or
Prove that a subgroup of a cyclic group
is cyclic.
2. (a) Define a finite group. 1
(b) Describe the symmetries of an isosceles

triangle. 3

(c) Prove that every subgroup of an Abelian

group is normal. 3
(d) Prove that every quotient group of
a cyclic group is cyclic. 5
Or .

Show that a subgroup of index 2 in
a group G is a normal subgroup of G.

3. Answer any two of the following questions :
5x2=10

For any subgroup H of a finite group G,
show that O(G)=O(H)[G: H].

(a)

(b)

Prove that any finite semigroup in which
both cancellation laws hold is a group.
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" (o)

4. (a)

()

(c)

5. (@)

(b)
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(3)

Prove that the set of matrices

A coso. -sina
¢ [sina cosa

where a is a real number, forms a group
under matrix multiplication.

Let Hbe a subgroup of Gand let a and b
belong to G. Then prove that—

() aH =H if and only if ae H;

(i) aH =bH if and only if ae bH. 2+2=4

Find the list of subgroups of (a), where
a has order 30. 3

Prove that every permutation of a finite
set can be written as a product of

disjoint cycles. 5
Prove that every subgroup of an Abelian
group is normal. 2

Let G be a group and let H be a
normal subgroup of G. Then prove that
the set G/H={ah:ae G} is a group
under the operation (aH)(bH) = abH. 5

Or

Show that a permutation with odd order
must be an even permutation.
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(b)

(c)

(d)

7. (q)
(b)

(c)

(d)
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(4)

Define zero divisors.

Show that in a ring R, a(-b)=-(ab),
for all a, be R.

Prove that the set R={0, 1, 2, 3, 4, 5} is
a commutative ring with respect to
addition and multiplication modulo 6
as the two ring compositions.

Prove that a ring R is without zero
divisors if and only if the cancellation
laws hold in R.

Or

Prove that every field is an integral
domain.

Define division ring.
Show that the intersection of two
subrings is a subring,

Or

Show that a commutative ring with
unity is a field if it has no proper ideals.
Show that the set of Numbers of the

form a+bv2, with q and b as rational
numbers, is a field.

F%n.d‘the quotient and remainder upon
dividing  f(x) =3x* + x3 42x2 41 by

g9 =x% +4x+2, where f9) and g(9
belong to Zg(x].

3

( Continued )

(5)

Paper : GE-4.2
( Application of Algebra )

1. (@) BIBD 3 7= fo1 | 2

(b)

(c)' ol R 1 ot opR Ty foran
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Define balanced incomplete block

design (BIBD).

BIBD 3 ¥fes (ftsR Ryw 2

Explain incidence matrix of a BIBD.

6x2=12
Answer any two of the following
questions :

(i) @ 7S, V TR vB @y s,
o D=V txr k% @ @ VI
Tof-eeforom S WS 1<k <v Al
(S8 (s @ D «bl BIBD ™ VI
IR IR A4 (v, b, 1, k, A), TS

v v-1 v-2

b=(k)’ '=(k—1) b A‘(k-z

RoreR (e @, M k=v-1, 3
D <b1 79ff$y BIBD = I[ 4169

v, v,v-1,v-1,v-2)

N——

Let Vbe a set of v elements, and let
D=v% be the set of all subsets
of V having k elements, 1<k <v.
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(6)

Then show that D is a balanced
incomplete block design (BIBD) on
V with parameters (v, b, r, k, A),
where

(v _(v-1 v-2
b—(k)’ r"(k_l) and l_(k—-z

In particular, if k = v -1, then show

that D is a symmetric BIBD with
parameters (v, v, v~-1, v~1, y-2).

M {1,2,3,4,5,6} 7RO <R
6, 10, 5, 3, 2) AR GT® 961 BIBD
9o F91 |
Construct a BIBD opn the set
{1, 2) 3: 4: 5; 6} Wlth parameters
6, 10, 5, 3, 2).

(lll) AR ) G=Z’ Sl. ={0’ 1» 2’ 4} e
S2={0,3,4,7}. oysq1 @ 5, WF
S, P AR 3y Rt Ry |
TR &5a A48 41
Let G=2, $={0,1,2,4) and
S, ={0, 3, 4, 7}. Show that S; and
Sy form a difference set family, and
find its parameter.

N—r

2. (a) ST C 9B T I P [ (TR d. I
t=[—‘%] W, (W O & Ca d-1 B

TR ¥ i3 o, R @i cofte N
*¥ (code word)¥ | 4
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(7))

Let C be a code with minimum

- distance d. Let t=|:%]. Then show

that C can detect up to d-1 errors in
any transmitted code word.

(b) o R A I 23 T o 6%2=12
Answer any two of the following
questions :

(i) 29 TN @ Ham (r, q) 961 e 3’
[ Ped 719 3.
Prove that Ham (r, q) is a perfect
code with minimum distance 3.

(i) T CI JeT {ed el faan | Fy; ©
3T C[10, 8] Py [ fAfg F01 ¥’
parity check matrix (X%

H_1111111111
11234567 89 10

Define minimum distance of a
code C. Find the minimum distance
of the [10, 8] code C over F,, with
parity check matrix

[11111

H=l1 52345

11111
6 7 8 9 10
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3. (a)

(8)

(@) Cyclic Hamming code Ham B,23

¥ generator GfH WF parity .

check Gachr o o 3echie
Efenaan |

Write the generator matrix and a
parity check matrix for 5 cyclic
Hamming code Ham (3, 2). Obtain
also the complete code,

ym (X)
(= ST 291 S, 3 Toppoy (subgroup).

Let X be a set of points, Then show that
Sym (X) is a subgroup of the

(9)

Suppose each vertex of a regular
hexagon is colored by one of m
given colors. Find the number of

distinct patterns among all
colorings :
4 3
S 2
6 1

(i) IR Toleel STRY S oM 01
State and prove Polya’s theorem.

(iii) WIRGT R ePaA AR (AR T
Fa(x) Co1 Bforsamn

S symmetric
group ox. Find the generating function f,(x)
for the non-isomorphic graphs on
(b) wR_R @ ‘13' PR T e - (x0=12 four vertices.

Answer &y o of the following 4. (a) €T ST A 90 nxn WHT @fH ) oI @

questions : A 901 0 AL IR oF @7 IWME A 9@

() 1 RSF, m B 357 opqy oES'@T (G diag (1, -+, 1, 0, -+, 0) X
«ﬁmml@ﬁ“ﬁ“@-\zm T 4

39 ’I@’" Wik NLE SRS Let A be an n Xn complex matrix. Show

: R ﬁlﬂﬁ %ﬁl@'ﬂl : that A is idempotent if and only if A is

4 3 similar to a diagonal matrix of the form

diag (15 M) 1: 0’ R 0)°

S 2 (b) @M1 T A 9O nxn @GH, Hadamard

s @R A=A TG (=R @ n, 437
6 1 B, I8 n >2 4
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(c)
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(10

Let n>2. A necessary condition for
an n-square matrix A to be Hadamard
matrix is that n is g multiple of 4
Prove it. . .

Birkhoff 3 B1<Iic1 Semy w1 spre 0
State and prove Birkhoff theorem.
Y431/ Or

mqwmmAzoamqmaﬁ
WWBzO"ﬂ@‘%B2=A‘®, TS A
BT nxn&fa oy |

( Continued)

(11)

(b) S R AfE AT T AR 791 TS

Find the approximate inverse of the

matrix A for
2 3 5
A=|0 4 4
011

() R H3OR I MW TS L, DWF U
Tferer :
Find L, D and U with row for the
following matrix :

00300
04000
A=|5 0 0 0 0|=LDU
0 00O 6
0 00 7 0
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(12 ) (13

Paper : GE4.3 2. (a) State True or False : 1
If A and B are finite sets with |JAnB|=0,

( Combinatorial Mathematics ) then |AUB|=|A | +|B].

1. (a) Find Sc,.

1] () Let A and B be two finite sets such that
Al= = =5. Find
(b) A task can be done in ¢ ways. Another :AInB?i_ |IB|=4 and |[AUB]|=5. Fin ,

task can be done in 5 ways after the
first task has been done. Find the (c)

number of ways to do both the tasks. 1 Find dj, where d; is the number of

derangements of 1, 2, 3. 3

(¢) Show that '
(d) How many integers between 1 and 200

n
C ="C,_ r 2 are divisible by at least one of 3 and 4? 4
(d) Answer an
questions : Y o of the following 3. (@) Find the generating function for the
‘ sequence (a,), where a, =1 V n. 2
(i) State the binomj
that for non- n‘ual theorem. Show (b) Find the sequence whose generating
negative integer n function is
n
2""C =3n 2 .3 :
r=ZO r=3 1+3=4 1+x+3£—+x—+ 1

(i) Find the ny
mber of terms in the (c) Find the exponential generating function

expansion o
thx: coeffi .f(x+2y +32)7, Also find : for the sequence (a,), where
Icient of 3,32 . )
z ‘ =nVneN 2
/ expansion. Y In the ot a, =nvVn
2+2= ]
| (i) Define factoria) ; (d) Find the sequence that corresponds the
| rising factoria) Pf:lo Ymomial - and , generating function G(x) =3x3 +e2*, 3
Ynomial. Find
S(2, 1). in
' 1+1+2=4
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(14 )

(¢) Find the number of the integral solution

of the equation X+y+z=10 4

Or

Find the generating function for the
sequence (a, ), where a, = 2+4n
3 )

4.
(@) Define a recurrence relation 1

(b) Find a Séquence such that

a, -2 =
n=4Q, ; =0, Qy =3 3

o
(c) fllni the total solution of the recu
e
ation a,, -5q, _, +6a, , =on +§:nce 6
Or

Using generating f,

nctj
recurrence relation tlon, solve the

a ~-a - =
n - 6(1 .
n-1 n-2 O, ao __'—:2’ al -— I

5. @ D
(@) Define P(n) anq Be(n). Hence find P(5)

and Py(7).
(b) Show that e
P. 3 (n) = Lz .
12 8
26P/1314
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(15 )

Oor

Let A,, ---, A, be finite sets. Show that
Ay, Ay, -+, A, have a system of distinct

representatives, if

1cicyen 1Ail 14l
6. (a) State necklace problem. 2
() What is cyclic index of a permutation
group? 2
() State and prove Burnside’s lemma. 1+7=8
Or
Give the proof of Polya’s counting
method. 8
7. (@) Find all the Latin squares of order 3. 4
(b) Define a Hadamard matrix. Give
example. ' 1+1=2
(c) Prove that in a symmetric BIBD, any
two blocks have A treatment in common. 6
* kK
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