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OPTION -A
(Algebra)
Paper : MAT-HG-2016/MAT-RC-2016

1. - Answer the following questions: 1x10=10
oo Al e el e o

(a) State true or false:
wm (7 SwE fordl ¢
Every permutation has an inverse.

ool Rz afSe=ig |

(b) Give an example of a finite abelian
group with respect to operation’
addition.

@is aAfEm AeE Bl R G@EE TREs
rizae fam |

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

(83+19+23+52) (mod 6)-7 7T (AT Faws
AT WY RO Tfereat |
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(@) Fill in the blank :
AT 21T 47 71 ¢

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

then the element (xyz) ! is equal to

MW x, y O z @B W G @, oww
(xyz)™" GTIeTCH! T I = |

(e) - Define symmetric function.

S Towe viee

1
(1 1f A=|2| and B=[1-10], find AB.
: : :

1
W A=|2| IR B=[1-10] =, (515 AB
3

Tfere |
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(g) Give an example of a non-trivial
subgroup of the group of complex
numbers ¢ with respect to operation

multiplication.
ofel alfeFal FAACE Sfoet SR A € F <ol
- Sl ToeE T |

(h) Choose the correct option:

ww Tears! Az Tfened ¢

Ty
The rank of the matrix L J is

11 _ o
L Jcﬁaw‘m@ﬁf%iﬂ

@ o
i) 1
i) 2

(iv) None of the above

_evm Aore 57
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(i) Find the value of gi7 1 1:
e +1 3 T Tferean

() State true or false:
w7 OE Bl

The reduced echelon form of a matrix
is always unique.

@bl (T 9O UbeT A7 i SR g
|

2.  Answer the following: - 2x5=10
woTe fraicaies Ted ¢

(a) Construct—

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

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

5O FI—
() 96 TR A ﬁm‘rﬁ@?{*ﬂ
SRS 72 |

(i) @G cﬁaszﬁmmﬁ—@ﬁw
fifeam @z3 | :
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(b)

Let f:Z - Z and g:Z-—)ZZaredeﬁned
by

f(n)=2n Vv ne Z

%, if n is even

i g(n):{4 if n is odd

(c)

3

Check whether mapping g is a left
inverse for for not under the operation

composition.
@A fLo>Z O g:Zo>Z AE
RBRT T -

fln)=2n V ne Z

i< g(n):{;AJ?‘szr:liﬁ';‘ﬁl

TN ACAG AfFq AATE g T [ 4

A€ AfSTAN Z/A T2 S 9 |
[a b e
If A= ¢ ~then  prove  that
& :
g plid sk
e el
T e , where A =ad-bc-
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: a b :
I A= 5 R4, (OUF oW 9 (3,
(84
A"l—l d -b A
_Z —c -,HW A:ad-bc

x : , ,
(d) If ?+ x+1=0 is a cubic equation for

'some p=#0, then find DGy ) ol

where o, f and y are the roots of

~ the equation.

3

?Iﬁ:rx?erﬂLl:O » p # 0 FAACE 961 Fare

AT 2, (908 Y or, S aff 4 T SRRt
TS o, f Gy TRREGE T
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: ok T |
“(e) If A=L1 J and “lo 11 then

3:

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

(i 11 0
zﬁ%A:[ }WB= | =, o
e1 0 1

B T EA ¥°s &M 341 T'0 E <6l GNfere
T 2 |

Answer any four questions : - 5x4=20

Rzt mﬁﬁrm%@%m

(a) Let * be a biﬁary operation defined on
7 where x:xy=x+y+1 Vx,yeZ.
Determine whether 7 is a group with

respect to operat1on *. Is it abelian ?
, 4+1=5

z’ﬁ‘*’me\@Waﬁtfrmzro
x+y=x+y+l Vx,yeZ. Afggr oo
Ao 7, QB! T T w27 ey 7 | 9200
ik ct |
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(b) -Reduce the matrix A to identify pivot

(c)

positions, basic columns and also
determine the rank where:

I PO |
A=|2 4 5 g

| 2+1+1+1=5
568 4 T

-A@mmﬁwﬁﬁt@wmw

wfﬁr@wmammﬁﬁcﬁw

1 21 1
T8 A=(2 4 2 2
36 3 4

Prove that a non-empty subset H of g -

- group G is a subgroup of G if and only

if a,be H imply ableH.

AT A @ G T <Ol SR Topafs o
ﬁwcwaﬁ%vmwz’awﬁmvﬁcq
a,be H T able g I
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(d) (i)  The equation

4 B 02 ~12x+9=0 has
two pairs of equal roots. Find
them. %

radxd —2x% -12x+9=0
ﬁaﬁqﬁﬁwwzﬁiwnm‘
et kS

(ii) State true or false : ‘ 1
wm (q oeT foral 8
All roots of the equation
et exel=0 imaginary.
P +x?+x+1=0 FTFLATR
wiBiEes! TEs IIHED |
(e) Prove that for any mxn matrix A, rank

(A) = rank (AT), where AT is the
transpose of A. :

A Rt 9ol mxncﬁmmmqw-m
rank (A4) = rank (AT) T© AT @z AT
SFERe e |
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(f) Determine the general solution of the
following non-homogeneous system :

0T OIS STIEe] SO Alaae] A
el =1 ¢ .

X+2Yy+z+2w=3
2x+4y+z+3w=4

3xX+6y+z+4w=>5.

4. Answer either 4(a) or 4(b) :
TS T 4(a) T Ab) ¢

(@ (i) Prove that the relation g=p
(mod n) is an equivalence relation
on 7. ; o B

oM IR @ g=p (mod n) FFHH!
ARGRUID TIPS AR |

() Solve the following system of
. congruences : S

w7 iRl ICENEse @eeTICR! Fa 31 3
x =2 (mod 5)

x = 3 (mod 8)
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(b} (1)

(1)

Define cyciic group. Find the

generators of the cyclic group Zg.
1+4=5

ST FTe K@ A | Zg DR E A
GHB(HZ0! Gl |
Let ¢ e G be any element of a group

G. If g™ # e for any positive 'integer

.n, where e is the identity in G,

then prove that < a> is an infinite
cyclic group. o

491 TA G IR a RS 96t G | TR
2S00 4N WS A n IAI a” # e

o, IO e (B AIOR G&TF (T, (93
A T (@ < @ > 6] SN bR ARG |

5. Answer either S(a) or 5(b):
Tel = S(a) T 5(b) ¢

(@)

()

For the supgroup K ={ (1), (1,2)} of
S3 (here S; is the permutation
group of order 6), find Ka and aX
where a = (1, 2, 3). 3
S5 3 TATME K ={ (1), (1,2)} ¥ 9@ Ka
W% aK Sferedt, I8 a = (1, 2, 3) 2AS
S; (&= 6 Waifkfe [ 7|
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(i) Prove that the set E={2x|x¢€ A

- of all even integefs is a ring with
respect to usual addition and
multiplication. 7

ol T (Y YU SRS MR TS
E={2x|xez} (B MR O <=
o el ATATE <61 T |

(b) () If A and B are non-singular

matrices, then prove that AB is
also non-singular such that

(AB'=B'a™ and

(Adl)T o (AT)_?. v Slawii=F

it A SR B SRR (TERR &,
(OrT AT B9 (T ABS @Ol WRTAN

- (e WS (AB) = Blal %

(o <o)
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(i) Find the  matrix X such that

0 -1 0
X=Ax+BWhéreA:O 0 -1
CER [
“antd B={2 1] . _ 3
3 3 '
X CTE=(0! Gfenedl Ao X = AX + B
=17
W, TE® A=|0 0 -1| W=
: 0.4 <@
1 8
B=|2 1|
3 3

6. Answer either 6(a) or 6(5} .
Ted =4I ¢ 6(a) G2l 6(b) 3

(a] (i} Solve the equation 2% -2z°-2=0

for zeC, e s
z2eCIA@ 2° - 2° -2 = 0 FHE=ET

T 9] |
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(i) Find all the square roots of —21°.
| 4

~21° 3 e| e Tfevear|
(b) (i) For the cubié equation
X%+ pr +gx+r=0, find Za2
and Y a® where @, B, y are the
roots of the equation. 2+3=5

x3-+px2+qx+r=0 faars
ARG A Y o? o Y o
Tedl T @, §, y FARENOR T = |
(i) Find in terms of p, g and r, the
values of the symmetric function
ﬂ2+;/,2+}/2+a’2+0:’2+ﬂ2
By ya aff

d, B and y are the roots of the '
cubic equation-

where

x>+ px’+gx+r=0. 8
p, g 9% r I IS

2 e 8 2 ;2.2 2 2
e +
i S L AR SRR
Pr e aff :
BR[0T o, p R
y R x°+ px? +qx+r=0 9
AT T4 | ‘
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7. Answer either 7(a) or 7(b):
et 1 7(a) G 7(b) 3

(@) (i)

Define reduced row echelon form of a
matrix. Examine whether the system
Ax=b is consistent where

-2 1 X 2
A=|2 4 0| x=|x; o B2
3 6 1} X3 4

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

SIS W] e 7 kel e |
Ax =b S IPRTS T R

_1‘721 X,
Sas | n W =
: 3 6 1 X
b=|9  1-

FNCS b T A (T T TR
(AR ReareH o1t orgeat | '
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(i)

(b) (i)

(@

(iii)

Find the general solution of the
following homogeneous system (if

exist) : 3
R RS TR zfena‘ﬁﬁm GINIEG]
A Tferear (IR BCR) 5 -

X+2y+z=0

2x+4y-t_—2-:=0

x+2y-2z=0

Prove that every equation of n degree
has n roots and no more. S

2 T} (T n VS ATORCB! ARG
n BItg 36 iR, oo @R 73

Find the équation whose roots are
-3,-1, 4. 2

-1, 4‘5{6{%@@%@%@1:

Form a rational cubic equation
which shall have the roots

L BBl s 42
1 9% 34 24-1 3 it 4=t sty

e AT 5197 41 |
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OPTION - B
( Discrete Mathematics)
Paper : MAT-HG-2026

1. Answer the following questions: 1x10=10
TER SRR Ued ferdl 2 |
(a) Consider the set 7 of integers with the
relation divisibility. Is the relation a
partial ordering of 7 ?
T 7 B e TRR e RerereiE
TS T | TR 7 © RS @ = 2
(b A poset in which every pair of elements

has both a least upper bound and a
greatest lower bound is termed as

95l SRS @S WS IR AT (@]
WY @6l AP TH A (Lu.b) e AR
= ST (g.1.b) TS, OF @[l =W
(i) sublattice
GG
(i) lattice
Gfe
(iii) trail
(iv) walk
qlPp (Choose the right answer)
: (w7 T Afs Tieq)
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(c)

and are the two binary
operations defined for lattices.

2158 TS RS (F4l T @S

efferai |

(i) Join, meet
AReAl, A

(W) Addition, subtraction

A, R

(1ii) - Union, intersection

(ilv) Multiplication, modulo division
74, 29 T

~(Fill in the blanks)
(3T 212 779 )

(d) State True or False:
ey ) SE @[T w1 g

Complements are unique in a
complemented lattice.

FTIYE GIAR ST O 27 |

(e) Let L be a lattice and peL.Is {p} a
sublattice ? ‘ »
49l ¥ L 96l &l WIS pel | {p} @61
TG (+Ee
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() Let (B, Al O; 1) be a Boolean algebra..
Find the value of (140)v (0 v 1)

@ 2 (B, v, A, 0,1) @Bt T Jesifs|
'(erO)\/'(Ovl)’ T W Sfer)

(g) Find the dual of the Boolean expression
Ay v0)

IR A& xA(yvO)_ﬂ'%\aﬂW%%\‘ﬁTl »

(h) Define bounded lattice.
AR ST ?{Q@ﬂ %Mﬂ

(i) What do you mean by Boolean
function ?-

A T i & gee

() How many different Boolean functions
- of degree n are there ?

n-aies R RoR T T
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2.  Answer the following questions: 2x5=10
OO TR e foal
. (a) Show that the followmg posets are not -
lattices : .

Li=({1,2,3,..12}1)
L, =({1,2,34,6,9}1)

where 1 is being defined as

m/n if m divides n.

@geq (. L =({1,2,3,..12}1) =
L, =({1,2,3,4,6,9}1) wiRrera whire
W\iﬁ'@@ﬁﬁ[mﬂ\s m/n I n, m@
ﬁ‘wsm

(b) Let (N, <) be a partially ordered set,

where a<b<=>a/b. Is it a chain?"
@ T (N, <) 90 aRMein @i A1,
TS a<bh<=>a/b 396 R&A @F?

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

Oelg FI e e Sforsal

f(x; Y, Z) = (x /\.-y)v z
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(d) Write the conjunctive normal form of
the function

(xy+x.2) +x

(cy'+ x.2) +x' TG HGRFS T
9B (CNF) © 25 =01 '

(e} Draw the circuit represented by the
Boolean function

fley 2)=(xvy)nz

T f(x, y, z)=(xvy)az SR 4|

3. Answer any four questions : S5x4=20

" Rez bIfSt 2w T ot ¢

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

O @ 609 IR 1T Bl e,
RersTeE @ TREPOIER Wi 7afers)
ST 2 WIS AR % (meet) W% FCAs
(join) I 4y | 2
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(b) Let A={1,2,3,4,5} be ordered by the '
Hasse diagram. ;

/\
SN

() Find all minimal and maximal
' elements of A.

(ii'} Does A have a first element or a
last element ? Justify your answer.
' 2+3=5

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

GRS IS /\
0,5

() A3 meﬂéﬁ?%wm
Taear |

(i) A T AN ALY TAMA A X BAWH
AR ? TG TS 2Wi 31 |
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(c) Let L be a bounded distributive lattice.
Then prove that if a complement exists,

it is unique. : _
@l 7, L b AR fewd [idge aml | omae
201 91 (3 A @ T ATF ACF, (S0 ATF0! S |

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

el <5l mﬁﬁ@ﬂé’mﬁw%ﬁ@ﬂﬁl

| (e) Put the function
[(X AY) v Z']/\ (x' v z')-

in the vdisjunctive normal form (DNF).
[Geny) v 2]a (v 2. ey
yeisfEe a0l sIFR (DNF) © e |
(f) Use a Karnaugh map to find a minimal
sum for Boolean expression
E=xy+xy+xy
Karnaugh map J93< 9% &1 30
Sfeied TR @@ (mimimal sum)
Rdfa i
: E=xy+xy+xy
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4. Answer the following questions: 10x4=40

O TR Twq fEra ¢

(@) Let X ={2 3,612, 24,36} be a set and
a relation R on X is defined as
R ={(x, y) e R, x divides Y}
() Construct Hasse diagram.

() Find maximal and minimal
elements.

(iit) Find chain and antichain.

‘.,{iv') Find maximum length of chain.
v Is poset a lattice ?

@ =A X ={2,3,6,12,24,36} 95
HZfS A R b T91F X © 1'%
R={(x,y)eR, x divides y)

(i) Hasse fo@ 557 71|

(ii) A = S Tete Tieeai |
(i) ‘G o aFowaT TRvear|

(iv) “(bEV'F AW T Ko 2

(v) ORFTEIE TS TR GRT T2
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: O .
) 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 ‘S’ (containment).
S

(i) Explain why the power set lattice
P(U) is a distributive lattice for
any set U. 5

() & T S={a,b,c} 9 RS ==
P(S) (b1 S q 9r® S|

PR @ HE S S S (2l
e @Ee AE@e P(S) T
Hasse @bl ka1 <1 |

(i) T e () 3 e 9o s P(U)

0 RowaiRft 3o st =8 it <=1

(b) In a Boolean algebra [B,+,-'] prove
that : :
) a+b=lub{a,b}

i) ab=glb{a,b}, YabeB.
5+5=10

TR Aeiide [B,+, ] T R @I W (@
) a+b=lub{a,b}
(i) ab=glb{a,b}, VYVabeB
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agae,

(c)

. (d)

Or

Define modular lattice. Prove that a
lattice L is modular if and only if
X, YyeL
x@(y*(x@z))z(x@)y)*(x@z) , _
2+8=10
AT G e et | 2 =t @ @t R
L == = aff @i 3 (if and only if)
x,yelL

x®(y*(x®2)) = (x® y)*(x © )

State and prove De Morgan’s laws in
complemented and distributive lattice.

SRS Tfe] R Reaiifige wieta A o sesi
A4 (6l @il ee )
Or

Draw the circuit which realizes the
function '
foyzt)=xallyv)vizvixviva)ay
TE |
flxy zt)= xx\[(yvt')v(zv(xvtvz))]/\y
ORP 41 |

Define atom of a Boolean algebra. Prove
that every finite Boolean algebra has

at least one atom. Prove that if p and

g are atoms in a Boolean algebra such
that '

.P#q then pag=0. 1+5+4=10
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a5 T Treeifies ‘@bwa e fat| e
Rl R GRS SRIDICCACCRH @51 ‘95’
WlﬁﬂqWﬂﬂﬁquﬂmﬁﬂa@ﬂﬁ?_
‘G TS p£q, OF TE PAg=0 |
: Or
Consider the Boolean algebra Dy .
(i) List its elements and draw its
diagram. »
(i) Find the set A of atoms.
(i) Find two subalgebras with eight
Py elements
(iv) Is X ={1,2,6,210} a sublattice of
‘ Dy ? Justify. '
(v) Is Y={1,2,3,6} a sublattice of
Dy, ? Justify. '
R Serifds Dyio 3
() ol Shedl o fars s
(@) @O I e A A TS |
(iii) 87Tl ToAME A 5l TATEAITS
- (subalgebras) fAefg ==
() X={1,2,6,210}, Dy I 0! Tofeiet
R ? TGH ROl e FA|
(v) Y={1,2,36}, Dy I 95 TAGRI -
| W ? TR el Ane 91
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