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opnon-A

^Algelm)' .

Paper : MAT-HG-2016/MAT-RC-2016

1. Answer the {pllowing questions: I^IO^IO

(a) State true or fialse:

Wi

Eveiy permutation has an inverse.

(b) Give an ex^ple of a finite abelian.
group with respect to operation
addition.

CTW aSNrt ifWCF <iiBt

(<^ Find the least positive integer that is
congruent to (3+19+23+52) (mod 6).

(3+19+23-t^52) (mod 6)^")^
VflW «l«l«'WWiW

^ ~
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(d) Fill* in the bl^k: ' .

If X, y and z be elements of a group G,

then the element (xyz)'^ is equal to

■ ^ X, y. 'SIRi z >451 CTl®! (^US

(xyz)'^ CTlsftSt ^ 'PitR ̂ 1 .

(e) Define sjmimetric function.

ff) IfA = and B = [l-lb]> fiind*^.

^ A = ^ B = [l-10] CSC® AB
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(g) Give an example of a non-trivial
subgroup of the group of complex,

numbers C with respect to operation

multiplication,

®?r( I

(h) Choose the correct option :

mi t

The rank of the matrix

1  ll

1  1
IS

1  1

1  1

(i) 0

(ii) 1

(Hi) 2

(iv) None of the above

v£ii5t8
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■ (i) Find the value , of e^ + 1-

e^+1 ̂

(j) State true or false :

The reduced echelon form of a matrix
is always unique. .

.  "^I .- • • ■

2. Answer the following: 2^5=10
vsqvs Iwl^w fiill o

(a) Construct—

(i) a matrix A which is Hermitian but
not symmetric.

(ii) a matrix B which is symmetric but
not Hermitian.

(i) ^ A ^

(ii) B ^
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(b) Let /; S -» S and g I'L-^TL are defined

•• by

f{n) = 2n Y ne ̂

/  \ I y^y if n is even
and =

[4 , if n IS odd

Check whether mapping g is a left
inverse for/or not under the operation
composition.

f-.TL-^TL ̂  g:7L-^%

f(p)-2n V ne S

[4, n

1\C.4l«w Sl&iil Ht'fw g <p®iMc6t / ?
^ aRiwii)

(c) If A =

1-1 ̂

a b

c d

d  -b

-c a

then prove that

, where A = ad-be
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■?rf? A =
a b

c d
^ (71,

A-i=l d  -b

-c a
,  A = ad-be

(d) If ~ + x + l = 0 is a cubic equation for

some p^Oy then find ^cx y

where a , fi and y are the roots of

the equation.

?lf?—+ x + l = 0 , p^O
P

C5C®

a , /} 'SIR. r ^ I

3 |Sem-2/CBCS| MATHO1/2, RC/G Contd.



" 1 0" "1 0"
A = and ^ ~

0-1 1 1
,  then

express B = EA, where E is, an
elementary matrix.

^ A =
' 1 0' '1 0"

E —
0  1-1 1

EA 2R5M ̂  £ >i|'5t CTtPff

3. Answer any four questions : 5x4=20

(a) Let * be a binary operation defined on

Z where x*y = x + y + l Vx,i/eS.

Determine whether ̂  is a group with

respect to operation *. Is it abelian ?

4+1=5

^  ̂ stfeit

x*y = x + y + l Vx,^eS.

s  I
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(b) Reduce the matrix A to identify pivot
positions, basic columns and also
determine the rank where

A=

"1 2 1 1

2 4 2 2

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

<|5^ ̂  1^6)% ̂

A =

1 2 1 1

2 4 2 2

3 6 3 4

(c) Prove that a non-empty subset H of a
group G is a subgroup of G if and only

if a, b e /f imply ab~^ e H -

£[5114 ̂  (71 G H

a,beH ab~^ e/f ̂ I
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(d) (i) The equation

*''+4x3-2*^-12x+9 = 0 has
two pairs of equal roots. Find
them. 4

x^+4x^-2x^-12x-\-9 = 0

(U) State true or false : .1

mi

All roots of the equation

x^ + x^+x + l = 0 ?u:e imaginary.

(e) Prove that for any m^hmatrix A, rank
(A) - rank (A^), where A^ is the
transpose of A. '

A ftwnyff <#t m x.rt C^leRS^ SfW CT

ranic (A) = rank (A'') '4'^ A'" A 4
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(f) Determine the general solution of the
following non-homogeneous system:

5lfS)Ret isttfpf

x + 2y + z + 2eo = 3

2x + 4i/ + z + 3fi) = 4 ..

3x + 61/+ z + 46? = 5.

4. Answer either A(a) or Afp) :

^ ̂ ̂(a) SWW ̂(b) %

(a) (i) Prove that the relation a = b
{moid n) is an equivalence-relation

. on S. 5

a = h {mod ri) >iWl5l
2 ̂ ̂  51V|>g«iJ I

(ii) Solve the following system of
congruences: 5

.

x = 2 {mod 5)

x = 3 {mod 8)
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(b) (i) Define cyclic group. Find the

.  generators of the cyclic group .

1+4=5.

(ii) Let a € G be any element of a group

G. If a'^ e for any positive integer
71, where e is the identity in G,
then prove that < a > is an infinite
cyclic ̂ oup. 5

n ̂  ̂  a'' e

e  C^|c^, CvdC®

^ (7l< a > I

5. Answer either 5(a) pr 5(b):

5(a) 5(b) %

(a) (i) For the supgroup K = { (l), (l,2) } of
S3 (here S3 is the permutation

.  group of order 6), find Ka and aK
where a = (1, 2, 3). 3

S3 ̂  K = {(1), (1,2)} Ka
aK a = (1, 2, 3)

S3 6
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(ii) Prove that the set E = {2x\xeZ}

of all even integers is a ring with

respect to usual addition and

multiplication. 7

E = {2x\xe^}

-spcf 2rf§F?ri ^ I

(b) (i) If A. and B are non-singular .
matrices, then prove that AB is

also non-singular such that

{AB)~^ = and

(>l-'f = (A^r- 3%x2=7

A 'stw* B

^ CT AB« >£(51

CTl5=i^ -qt"!?© (AB)"' =
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(n) Find. the matrix X such that

0 -1 0

X= A?C + jB where A = 0 0 -1

0  0 0

and B =

1  2

2  1

3 3

A =

X= AX+ B

0 -1 0

0  0 -1

0  0 0

'1 2"

B= 2 1

_3 3

6. Answer either 6(a) or 6(b) :

6(a) WiMt 6(b) %

(a) (i) Solve the equation z^ -z^ - 2 = 0
for z e C. 5

2 e C z® - - 2 = 0
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(U) Find all the square roots of -21®^
4

- 21® ̂  I

(b) (i) For the cubic equation

+ px^+qx + r = 0 , find

and where a, p, y are the

roots of the equation. 2+3=5

x^+px^+qx + r = 0

ct, p, y ^ I

(ii) Find in terms of p, q and r, the
values of the symmetric function

P^ +r^ +a^
— + —-— where
Py ya ap

a, p and y are the roots of the
clibic equation

x^ + px^+qx + r = 0' -5

.  p, q

pp + y2 ^ ̂2 a'^ jf-
•  +- +
Py /a ap

"snsT "^^5 a, p

y  +px^+qx + r = 0 firW
7{fN54»R5R^I
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7. Answer either 7 (a) or 7 (b):

'^.^ 7(a) ̂Sfim 7(b) S

(a) (i) Define reduced row echelon form of a
matrix. Examine whether the system

Ax = b is consistent where

"1 2 r "2"

A = 2 4 0 X = a:2 b = 2

.
3 6 1 _^3. 4

Also show b as linear combination of
the basic columns in A. 2+3+2=7

Riit I

Ax = b

"1 2 1"

2 4 0 X =

>

X2

3 6 1 .^3.

b =

^\OTSR CfT^^ I '
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(ii) Find the general solution of the
following homogeneous system (if
exist): 3

"5Tsrf^ (<iRcR g

x + 2y + z = 0

2x + 4i/ + z = 0

x + 2y - z = 0

(b) (i) Prove that every equation of n degree
has n roots and no more. 5

2|^«f ̂ 5^ (71 n £l(.voj<PCUt

(ii) Find the equation whose roots are
-3,-1,4. 2

-3,-1, 4 I

(in) Form a rational cubic equation
which shall have the roots

1, 3 + 2-iPl. 3

1 *511^ 3 + 2V^ ̂
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OPTION-B

( Discrete Mathematics )

Paper : MAT-HG-2026

1. Answer the following questions : 1x10=10

^  s

(a) Consider the iset ̂  of integers with the
relation divisibility. Is the relation a
partial ordering of s ?

'  (b) A poset in which every pair of elements
has both a least upper bound and a
-greatest lower bound is- termed as

Slew

%IT (l.u.b) ̂
^-(g.l.b) ^ ^

(i) sublattice

(ii) lattice

(Hi) trail

(iv) walk .

^  (Choose the right answer)
(m §w5z ̂
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(^) and are the two binary
operations defined for lattices.

SfSRItI

(i) Join, meet -

(ii) Addition, subtraction

(Hi) Union, intersection

(iv) Multiplication, modulo division

•spcf, -^cf

(Fill in the blanks)

(d) State True or False :

Complements are unique in a
complemented lattice.

vsrle^^ :^ |

(e) Let L be a lattice and peL. Is {p} a
sublattice?

W  L p e L I {p}
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(f) Let (B, a/, 0, l) be a Boolean algebra.

Find the value of (l a O) v (O v l)'

^ (B, V, a/, 0, l) ̂  ̂

(IaO)v(OvI)'

(g) Find the dual of the Boolean expression

XA{yvO)

X A (y y C

(h) Define bounded lattice.

I

/i) What do you mean by Boolean
function?

Spltci 1% ̂  ?

(j) How many different Boolean functions
of degree n are there ? .
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2. Aniswer the following questions : 2x5=10

(a) Show that the following posets are not
lattices:

La =({1,2,3,4,6,9},!)
where 1 is being defined as

m/ 71 if 771 divides n.

L4 .Li = ({1,2,3, ...12 }, l) ̂

La = ({l, 2, 3,4,6,9 },l)
^  '4'® m/n, rR n, m C4-

I

(b) Let (N, <) be a partially, ordered set,
.  where a<b <=>a/b' Is it a chain ?

.  ̂ (N, <)

a<b <=> a/b \ ̂

(c) Find the values of the Boolean, function
represented by

/(x,!/, z) = (ji:Ay)v2'
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(d) Write the conjunctive normal form of
the function

(x.y'+x.z)+xf

(x.l/'H- x.z) + x'

"mn (CNF) ̂

(e) Draw the circuit represented by the
Boolean function

I  •

f{x,y,z)={xvy)AZ

f{x,y,z) = {xvy)Az

3. Answer any four questions : 5x4-20

.  (a) Show that the poset of the divisors of
60, ordered by divisibility is a latlice
and interpret their meet and join.

•  (71 60^

fî l'SiJVslM 3F5I ̂  3I5j^

etiql ̂  ̂TRi >ai|i^le.uH ifii (meet) 'siR,
(join)^JWt^l
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(b) Let A = {1, 2,3,4, 5 }• be ordered by the
Hasse diagram.

5.'

(i) Find all minimial and maximal
elements of A.

(ii) Does A have a first element or a
last element ? Justify your answer.

2+3=5

A = { 1, 2, 3, 4, 5} Hasse

/■
.  2

(i) ,A^ Weil
I

(ii) A ^ ^ ^
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(c) Let L be .a bounded distributive lattice.
Then prove that if a complement exists,
it is unique.

^

2l^®l ̂  (71 ̂  a ̂ CvsC^ ^5^

(d) Prove that a Boolean algebra is self-
dual.

.  ̂ (71 ^ I

(e) Put the function

[(x A y') V z! A (x' V z') •

in the disjunctive normal form (DNF).

[(jc A 1/j V Z'] A (jc' v z')'-
(DNF) ̂  I

(f) Use a Karnaugh map to find a minimal
sum for Boolean expression

E - xy+ x'yx'y'

Karnaugh map ^
Nql?j<ijl^ (mimimal sum)

1^^ S

E = xy-{- x'y + x'y'
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Answer the following questions : 10x4=40

(a) Let X = {2, 3, 6] 12, 24, 36} be a set and
a relation R on X is defined as

^ -= { y)eR, X divides y}.
(i) Construct Hasse diagram.

(ii) Find maximal and minimal

elements.

.  (in) Find chain and antichain.

(iv) Find maximum length of chain.

(v) Is poset a lattice ?
*

X = {2,3, e, 12,24,36}

R = {{x,y)eR,x divides y}

(i) Hasse ^ |

(ii) ■ I

■  ■ (in) 'Cl^' ̂  I

(iv)

(v)., IlFfw
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Or

(i) Let S = {a, b,c} and P{s) is the
power set of S. Draw the Hasse

diagram of the poset P{S) with
the partial order ' (containment).

■  ■ 5

(ii) Explain why the power set lattice

P(U) is a distributive lattice for
any set U- 5

(i) ^ S = {a,b,c} ^
■ P(S) C5t

If#® p(s) ̂
Hasse ^\<M I

(ii) U P(U)

(b) In a Boolean algebra [b,+, •/} prove
that

(i) a + b = lub{a,b}
(ii), a.b = glb{a, b}, \/ a,beB.

5+5=10

[b,+, •/] ̂  CT
(i) a-hb -lub{a,b}
(ii) a.b- glb{a, b), \/ a, be B
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Or

Define modular lattice. Prove that a
lattice L is modular if and only if
x,yeL

x®{y*{x®z)) = {x®y)*{x®z)
'  2+8=10

L  ̂ <iRc^ (if and only if)
x,yeL

x®{y*{x®z)) = {x®y)*{x^z)
(c) State and prove De Morgan's laws in

complemented and distributive lattice.

^  Or

Draw the circuit Which realizes the

function-

. f{xy,z,t)^xAl{y</t')v{zv(xvtvz))]Ay

/(x, I/, z, f ) = X a{(i/V f)V (z V (xV i V z))]a^

<1^1 1

(d) Define atom of a Boolean algebra. Prove
that eyeiy finite Boolean algebra has
at least one atom. Prove that if p and
q are atoms in a Boolean algebra such
that

p^q then pAq = 0. 1+5+4=10
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CT trt^ ^5|^s «ii6t *v£|W
£W«[^ (?r#p^ g"v£f5t^3%fiwl^

C^ P Aq= 0 I
Or

Consider the Boolean algebra P210 •

(i) List its elements and draw its
diagram.

(ii) Find the set A of atoms.
(Hi) Find two subalgebras with eight

elements '

(iv) Is X = { 1, 2,6,210} a sublattice of

O210 ̂  Justify.

(v). Is y = {1,2,3,6} a sublattice of
021b Justify. /

-^210 ̂

(i)

(ii) *^£16^'^ >1 ̂  I
(Hi)

(subalgebras)

fiv) X = {l,2,6,2lb},I>2io^"^^^'^^
5|n?f ? sflWiSt 8|i?R^ I

(v) y = {1,2,3,6} , r»2io ^
1
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