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The Jfigures in the margin indicate full marks
Jor the questions

All symbols have their usual meanings

. Paper : GE4.1

{ Algebra )
Unir—1

1. Answer the following questions :

(@) Fill in the blank : o iy

The number of symmetries of a
rectangle.is
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(b) State True or False :

The set nO is a grou
. up und
addition. S er usual

{c) Show that in a group G, (@Y l=q for
any q eG

(d); Find the invefsg of the element —jin the
==-group of quatérnioris. :

(ej ~ Prove tha(t‘J }f ((fb)"’ = a2b2 in a group G,
then ab =pa-. : :

(7 Let Gbe a group such that the square of

any element is unity. Sh i
penihong ty ow that G is

(9) Describe the symmetries of a square.
) . Or -
Describe the circle group.
(h) Prove that the set {1, 2, ..., n-1} is a
group under multiplication i i
n is prime. P ca onitand only lf
Or

Pl:ove that the set of ‘all 3x3 matrices
with real entries of the form

1 a »
0 1 ¢
10 0 1 '

is a group under matrix mulﬁpﬁéaﬁon. .

{ Continued )

(3)

UNIT—2

2. Answer tile following questions :

(a) State Lagrange’s theorem. 1

(b) State true or false : 1
Subgroup of a cyclic group is cyclic.

() Let H={{1),(12)34), 13)(24), 14)(23)}.
How many left cosets of H in S, are
there? 1

(d) Show that the centre of a group is an
Abelian subgroup. 2

(e} Let G be a group of order 60. What are
the possible orders for the subgroups of
G? Justify. - 2

() Consider the subgroup H ={tl, +i} of
the group of quaternions. Find any
three left cosets of H. 3

(g} Suppose that |G| = pq, where p and g
are primes. Prove that every proper
subgroup of G is cyclic. 3

(h) Let H be a subgroup of a group G.
Show that if index of H in G is 2, then
H is normal in G. | 3

(i) Consider H ={], 11}‘ of U(30) - Find the
quotient group U(30)/H. 4
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) H={(g ZJ:a,b,deR,ad;eo}

Examine whether H is a normal
subgroup of GL(Z2, R). S
Or
Prove that the factor group of an
Abelian group is Abelian.
‘=! Show the intersection of two normal
subgroups is also a normal subgroup. 5
Or |

"

Let G be a group and let G' be the
commutator subgroup of G. Prove that

(i) G' is normal in G; .

(i) if H isa subgroup of Gand H > G,
then H is normal in G.

UNIT—3

3. Answer the following questions :

(a) State True or False : 1+1=2

(i) Every ring has a multiplicative
inverse.

P25/1282
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(b)

()

@
(e)

(g)

(h)
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( 5)

(i) Every element in a ring has an
additive inverse.

Show that the polynomial 2x+1 in
Z,4[x] has a multiplicative inverse. 2

Justify that the ring of all 2x2 matrices
over reals under usual addition and
multiplication of matrices is a non-
commutative ring. 2

List all polynomials of degree 2 in Z,[x]. 3

Show that the non-zero elements of a
field form a group under multiplication. 4

Show that ‘the ring
Z[N2]={a+bV2:a, beZ} is an integral
domain. ‘ » 4

Consider the equation x2_5x4+6=0-
Find all solutions of this equations
in Zg. 3

Let S={a+ibja,be Z, b is even. Show

that S is a subring of Z[i] but not an

ideal of Z][i]. 5
Or

Prove that the intersection of any set of
ideals of a ring is an ideal. .
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If A is an ideal of a ring R and unity
belongs to A, prove that A=R.

Or

Let R be the ring of all continuous
functions from R to R. Show that

A={feR: f(0)=0} is an ideal of R.

( Continued }

(7))

Paper : GE4.2

?( Application of Algebra )

1. SR R QI g o ed fl - 6x2=12

Answer any two of the following questions :

(a) oM9 ¥ @, (m, b, r, k, 1) AR CLS bl
BIBD 7ifen = Ift wis Fea1 g r =k
LUl
Prove that a BIBD with parameters
Im, b, r, k, A) is symmetric if and only if
r=k.

(b) W®EST, p>2 AT p <5t GARR Y| (B
A T @ OO (p-1)/2% e @RS
Tga p AT WS

2 p-1
Qp {resp(n Jllsn 5 }
Let p be a prime number greater than

2. Then prove that there are (p-1)/2
quadratic residues modulo p, and

p-1
Qp={resp(n2)|15nsp2 }
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(c) 4¥AZST, F; 6t+1 W@l (order)-3 RS g,
WE q (R F-3 b PRbe @ 9F @R
S; = {a, a®*f, a¥*), i=0,1,..t-1.
©®8 S A Sgye., Spoy  TIORA
6t+1,3,1) < A R @
$4 F-3 G5l -3 95 TR |

Let F be a finite field of order 6t+1 and
let a be a primitive element in F. Let

S ={a!, a®*, @),  i=0,1,..,t-1.
Then show that the sets Sp,..., S,

form a t-fold (6t+1, 3, i) difference set
family in the additive group F.

2. BIBD-1 3eH @fR-3 ¢*R «@b 5 Gt il 4

Write a short note on incidence matrix of a
BIBD. <

o]l / Or
Q@RST, G = Z, T4 WG g 7-3 <ol @AARGT

&, WF S ={1, 2, 4}. (YA A, SR G B
e TEfS, F 2R ATARR R 40

Let G = Z, be the additive group of integers

modulo 7, and S = {1, 2, 4}. Show that Sisa
difference set in G, and find its parameters.

P25/1282 { Continued )

(9)

3. o[ R A Hr o ey Fa 6x2=12
Answer any two of the following questions :

(a) Parity-check matrix

1 1 1 1 1
H’[l 01 1 *o]"
. oie @e @Re I C ift ¥ wE 3

generator % G Fl1 S Dual ¥
ci-3 7R ffa T

Find the binary linear code C with
parity-check matrix

H= 1 1 1.1 1
71 o 11 0
and write a generator matrix G of C.
Also find the dual code C*t.

(b) FEEHY GfE G-I TS 7© I AW T7©
' o5t Brat wF 01111 (ST 'S 1, 'S

1 01 01
G=
R

Write a standard array for the binary
code with the generator matrix

1 01 0 1
G=
[o 1 0 1° 1]

and decode the received vector 01111.
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(¢ oA, Flx],-3 Tprefs C bt ol
T 77 I 9% @9 TR C, Flx}, &3
o5 uvef =1

Prove that a subset C of Fix], is a
cyclic code if and only if Cis an ideal of
the ring F(x],.

4. === @, B WS F'T (7, 16, 3) (R W) B
fige F'T| 4
Show that a binary code (7, 16, 3} (if it
exists) is perfect.

p=ocac™! W, W o-3 I ffa T 4
Show that the permutations

Gft 238 4567
7 51 6 4 2 38

P25/1282 ( Continued )
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and

.

(b)

(c)

P25/1282

Bi 1 2 3 4 5 6 7
{4 1 6 2 3 7 5
have the same cyclic structure. Find ©

such that B= oac” -

ST AT (ST TR SRS GOl 5
et Bt

Write a short note on generating
functions for non-isomorphic graph.

G4 O TIFFR (BFTS 6 T AR -
ma&mm,wm%w
% I @FE GFR EFH wEeE -
Wlm—ﬁﬁ@ﬂ%ﬂ@éﬂwﬁm
Q’mc@éﬁmmmma«mﬁw
Rezer w@E ST o ReR Sfreat -

A rectangular dining table seats six
persons, two along each longer side
and one on each shorter side. A
colored napkin, having one of m given
colors, is placed for each person.
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6. (@)

(b}

(12 )

Find the number of distinct patterns
among all possible color assignments :

1 2

S 4

w%q / Or
Afemt-3 Sorirglt SEe Wi owd 4 |

. State and prove Polya’s theorem.

[@RST, A GF B B FF @fFH IX T4

| I AB=BA, (5B 41 T q,

A+B @6t F @G|

Let A and B be nilpotent matrices of the
same size. If A and B commute, then

show that A+ B is nilpotent.
nxn fdEe = fda =91

Compute the nxn determinant :

7. R R 4Bt T T ol

(13 )

(¢) Frobenius-Kénig-3 ToMlHI S@Ed 1%

g =1 |

State and prove Frobenius-Konig
theorem.

9/ Or

@

I A <t mxr'n M GG W IR J, =R

B! o1-cils, o @A I @ m2n?. (J,
@2 mxm @GF IR 4T @ARN AN IS
CIRRR e 1)

If A is an m-square Hadamard matrix
that contains a J, as a submatrix, then
prove that m2n?. (J, denotes the m-

square matrix whose entries are all
equal to 1.)

8x2=16

Answer any two of the following questions :

P25/1282

o 1 0]
1 0 1
1 0 1
. .
01
0 1 O
( Continued )
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2 3
(@ 3x2 cffm A={0 4|3 P Rl
0 1 .
e Sfereat |
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( 14 )

Find the approximate inverse of the

3x2 matrix A=

© O N

3
4.
1

S

() @RS, A=LDU SR Fol6 IR e
{c)

b,
1

17’,—:020012343333
2 2 Oy s oflo o1 2 2 2 2 2
3 0 10y o 3lo o o 0o 0 01 6
2 0 5

Sy ¥, LDU x=y T© y3I I

21 [2

9| |9

6|’ |6] I

31 |4

Let A=LDU be the product of
1()020012343333
21005000122222
30100300000016
2 0 5

. , P25/1282
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( 15 )

Solve LDU x=y for the values
2 2

9 9

6|’ |6] for y.

3 4

e afpest 9-REST ofem wfe R
TR R R T 0

0O 3 -6 6 4 -5
3 -7 8 -5 8 9
3 -9 12 -9 6 15

Use row-reduction algorithm to reduce
the following matrix into row-reduced
echelon form :

0 3 -6 6- 4 -5
3 -7 8 -5 8 9
3 -9 12 -9 6 15
( Tumn Over )



) ( 16 ) o ( 17 )
Paper : GE-4.3 {¢) Find how many integers between 1 and
( Combinatorial Mathematics ) 250 are—
i (i) divisible by 3;
1. {a) Find p;. 1 (i) divisible by 3 and 7. 2+2=4
(b) Write the principle of exclusion. 1 (d) Let A, B are finite sets. Show that
{c) A girl has 5 pencils of different colours. " n(Au B) =n(A)+n(B)-n(An B) 4
In how many ways she can arrange or ‘

them? 2 . .
Find the number of integer solutions of

X, +xy + X3 =24, such that 1<x <5,
125 x, 518, -1<x3 <12.

(d}) Find how many 2-digit numbers can be
formed by using first 4 prime numbers. 2

(e} From a team of 14 boys, find how many

football teams can be formed. 2 .
. 3. (a) Write the generating function for 1, 1,
() Show that ncr + ncr-l = n+lcr , if ) “ 1, 1, ... 8 ¢ . 1
l<r<n. 4 x ' .
Or ' (b) Define a generating function. 2

Find the number of distinguishable
words that can be formed from the
letters of VACANT. :

{c) Find the co-efficient of x* in (1-x)2. 4

{d) A recursively defined sequence
a, =3a,_,-1,Vn21and a,=2. Find

2. (a) Write the principle of pigeonhole. 1
an explicit formula for a,. 5

Or

Determine the set of integers n for

(b) State true or false : 1

If there are more than m objects and
there are m boxes, then there will be at
least 1 box with no object. which n? +19n+92 is a square.

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

(a)

(b)

(c)

5. (a)

(b)

(c)

6. (a)

P25/1282

Find the number of binary sequences of
length n having no 11.

Prove that there exist 2" -n numbers
that have n digits made up only of
numbers 1 and 2 and contain each digit
at least once.

If n+1 integers are chosen, show that
there exist two integers whose
difference is divisible by n, where nis a
positive integer.

Write the number of portions of 6.

Determine how many integers between
1 and 60 are divisible by at least one of
2,3 and 5.

Find the number of integers 6etween 1
and 10000 that are neither perfect
squares nor perfect cubes.

Or

Let numbers 1 to 20 are placed in any
order around a circle. Show that the
sum of some 3 consecutive numbers
must be at least 32.

Write the number of ways to arrange n
distinct objects in a circle,

(b)
(0

* (d)

7. (a)
()
5 | (c)

(d)

( Continued )

(19 )

Find the number of arrangements of
any 3rletters from the 11 letters of .the
word COMBINATION.

Find the number of ways to arrange

n23 differently coloured beads in a
necklace. T

Find the number of different necklace

that contain four red and three blue .

beads. :

'Define a combinatorial design.

Write one property of uniform design.

Write an example of Latin square of
order 3. ’ :

2

Answer any two of the following : 4%x2=8

(i) Prove that interchanging two rows

of a Latin square produce a Latin
square. '

(i) Show that there is no BIBD
(t{alanced incomplete block design)-
with parameters p-19 y k=4,

v=16 and r=3 () not specified).

(i) Determine the cycle index of the
dihedral group D,. '

* kN
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