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OPTION-A

. - {Algebra] .
Paper MAT—HG—2016/ MAT—-RC—2016 '
1 Apswer the following _questlons. 1x10=10 -
'. (@) State true or false: .
% o7 e B s
.' e Every permutatlon has an inverse.
| mmm.

(b) Give an example of a finite abehan

group with respect to operatnon :
addition. - . o .

MQWWQWWMW
- ot w1 o

() Find the least positive integer that is
' .oongment to (3+19-l=23+52] (mod 6)

(3+19+23+52) (mod e)amﬁa cﬂaﬂvm
- ww e YIB! %ﬁr«n .
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(@ Fillin theblank : *
S AR SR em s

fxy and z be elements of a group G o

. then ‘the element (xyz) 1 is equal to

- 'ﬂﬁ fx, Y. R 2 ot w_a*aa o =, (o

(xyz)™ &S ______ I A =
Define symmetric function.
1] o o
If A=|2| and B=[1-10], find"4B. .
. .-3. * ) . .
1] . .
A A={2| W® B=[1-10] &, 5T AB
Sfereat)
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(g) Give an’ example of a non- tr1v1a1
subgroup of the group of comiplex.

. numbers C with respect to operauon
multiplication. '

o Pl T oA KGR AT C Tt

g Topira Tt | |
(h) Choose the correct option:: |

g Tewl TR SRiewts

: . ~ , 11
The rank of the»matrix L 1] is-

{1 1] mwﬁ ELE
) 0

| ‘{ii)' 1

i) 2

‘(i) None of the vaboye
C @ tﬂT’N ce
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B (i)';_ Find the value of .e_if.r +1-
EUCSPRE oot

- () Statetrue or féise .

 eF @O fran s

The reduced echelon form of a matnx
is always unique.

: aﬁmﬁﬂwmaﬂwwﬁ—%

LR

2. Answer 'the'follow_ing: . 2x5=10
(a) Construct—.

i a matrix A which is Herrnman but
o not symmetric. :

. (i) a matrix B whlch is symmetnc but '
not Hermitian. :

ofdw TR— . « |
(i)_aﬁc‘%ﬁaWAﬁc‘o‘tﬁﬁ‘Fmﬂ@ﬁs@
- wRe Rl

(i) aﬁ,cﬁmBﬁzﬁwﬁ:@@m_
- R =
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(b) Let f:Z—Z and g :Z - Zare defined
" by
f(n)=2n V- neZ

. g(n)= A,lfnls even
, and 4, if nis odd

Check whether mapping g is a left
inverse for for not under the operatlon '
composmon

@R S ’//—-)ZWﬁ’g z»zam
wmw-— ’

f(n)=2nV ne Z

/2:11‘5?'”?1‘11

v glo)={7 e

WﬂWﬁWW%nga
A6 ST T T AW J/W

‘ a b| . ' s
(c) 1If A=l:c d:l" then prove that

. A‘l'—l .d —b'
| -“A‘ e & , where A =qd-bc.
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()

x . g
If s +x+1=0 is a cubic equation for

some p=0, then find Za Y ap :

where a, 8 and y are the roots of

the equatlon

3

A #x 4120, p 0 TR 9Bl et

AR, (o Y, Yop T W SRl

TS a, B Wyﬁﬁmﬂﬁ’al )
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M o} 5 10 ‘
(e) »If AT:[—*I »1] and “— o 1l then

express B = EA, where E is_an

-elementary matrix.

. 1 0 B 1 0 .
_‘ﬂﬁA=[ . l]m =lo 1 =, (o0F
BaSEAaM—WWa’@EmW-
@W@l'

3. Answer any four questions : 5x4=20
Ricetet SIfAB! e e fordt ¢ |

(@) Let * be a binary operation defined on
7 where xxy=x+y+l Vx,yeZ.
Determine whether 7 is a group with
respect to operation *. Is_ it abelian ?

' 4+1=5_

@ T ) Z S WWRT Bt (e oAftrn TS
x+y=x+y+l Vx,yeZ. aftpt o
mﬂwzaﬂﬁmﬂwmﬁﬁwmﬁﬁ
a@ﬁﬁ'ﬁﬂ\ﬂmﬂ?
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(b) Reduce the matrix A to i‘déntify pivotl

fe

(c)

A=|2 4 2 2|

positions, basic columns and also
determine the rank where

1 211
_ 2+1+1+1=5
3.6 3 4 o S

AWW?@WWWW

wmwmmrmﬁ?ﬁﬁw

1211

‘tl’@A=242.2?"

36 3 4|

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

1fa,beH 1mply ableH.

NI T @ G R B ORe Topicef® H
w6 3 91 TRy T IW W Fface
_a,beH T@ gplc g T
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(d) (i)' The equatlon |
' x* +4x%-2x%-12x+9=0 has B

two_pairs of equal roots Find.
them. ~= , 4

© xt+4x3 -2x2-12x+9=0 L
Mmﬁmﬂqﬂmlm o

et
" (i) State true or false: B
°% mwwﬁvn

. All roots of the equatlon |
BP+x®+x+1=0 are 1maguiary.

x3+¥2+x+1=0 AR
"wﬁﬁmﬁﬁmwﬁm

(e) Prove that for any mxn matrix A, rank _
(A) = rank  (AT), ‘where AT is the
transpose of A.

Aﬁmmaﬁm;xn'cﬁ’lmmmqw@
" rank (A) = rank (AT) ¥ AT Z‘{CQA 3
. oFERe CTEFF|
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i) Detérmine the general solution of the
following non-homogeneous system :

GRS ARG a«nﬁﬁm AP asn&na ’
fRefr 5 8

x+2y+z+2w=3
2x+4y+z+3w =4 .

3x+6y+z+4w=35.

4. Answer either 4(a) or 4(b) :
TG A 4(a) G 4(b) |

(@) (i) Prove that the relation g b
: - (mod n) is an eqmvalence -relation
.on %. : ~. -5

ﬁﬂT‘iWNa b (mod n)*l"i?ﬁ'@
| Zwaﬁwml

(i) - Solve the following system of =
- congruences : S

WS fral FCelicae efﬁtﬁﬂﬂfmwo :
- x= 2(mod5)

x =3(mod 8)
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®) 6

@ -

Define cyclic group. Find the
. generators of the cyclic group Zg . -
1+4=3.

sﬁaﬂma\wﬁmznﬁﬂm
wzﬁ;t%%\fm

Let g e G be any element of a group |

G. If q" # e for any positive integer -
'n, where e is the identity in -G,

then prove that <a>is an infinite

- cyclic group . S

@R GIRIGR aﬁ@smaﬁ a‘ﬂamﬁa

. AfSTH! I SIS T n TAE a” e

2, T© ¢ (R AR &* G, (908
mqwcamwmw'ﬂm—ﬁma\m

5.  Answer either 5(a) or 5(b):
eq 41 '5(a) T 5(b) 3

@ @)

For the supgroup K ={ (1), (1 2)} of

S3 (here Sz is the permutation
. group of order 6), find Ka and akK

where a=(1, 2 3). . - 3

Ss TR K = {®Q 2)} 3@ Ka’

% aK e, 39 a = (1, 2, 3)3?11‘
ssm6mmﬁﬁ§ﬁa}mmm
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'(ii) Prbve that the set E={2x]|xe Z}
of all even integers is a ring with

o respect to usual addition and
multiplication. - ) . 7

o T @ PN OIS TR LS
E={2x|xeZ} (3 I ol =
ol @ifeFal FACATF 5t T

(b) (i) If A and B are noﬁ—singular

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

(aBy'=B"A" and
(af =)' swe=T
3t A % B R CTeeF &,
(TS @ui I (7 AB8 Bl TR
CTT'IFIW B ac] (AB)’ BlAT U

e
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() Find the matrix X such that

o 0 -1 0F
.X?,AX+BthrCA=O 0 -1
- 0 0 O
12 |
and B={2 1| .3
| X Cerewo! SRiedl At X = AX + B
- 0 -1 07
™, TS A=[0 0 -1 W
o oo of
Lo B
B=|2 1|
|3 3
6. Answer either 6(a) or 6(b) :
T 39 £ 6(a) T 6(b)
.(d) (i) Solve the equaﬁon 36.—'23 —é: 0
for zeC, ‘ 6
zeCﬁmz(’—z?’—Z:O’iﬁ’Iquﬁ

AL |
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(i) Find all the square roots of —21°.

4

—21° 3 el 3N Bfeveat|
(b) ) For ‘the cubic = equation
X+ px+gx+r=0, find >a?

and Y a® where o, 8, ¥ are the
‘roots of the equation. 2+3=5

x3+p¥2+qx+'r—0 fa=re
WWWZa W@Za
Y TS o, B, 7 iahaickakat

(ii) Find in terms of p, g and r, the -
values of the symmetnc functlon
,B + 7 7 +a? a + ,32
+ ‘ where
By oy of
a, B and y are the roots of the
cubic equatlon

Baplrgeer=0. 5

. P, q Wr?wﬂﬂ@
ﬂ2+7’2 72+a2+a2+,82
By -y off N
FEHOIR T WY 39 6.0, B TR
% g X +px® +qx+r=0. @WI R

ﬂ%ﬂtﬁaqm
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7. Answer cither 7(a) or ’f(b)_i
Tew I 7(a) wgq 7(b) s

@ )

Define reduced row echelon form of a
matrix. Examin€ whether the system

" Ax=b is consistent where

1 21 x; 2

A=|2 4 o] x=|x| b=|2|

?

36 1 |x| -4

Also show b as linear- combination: of

_the basic columns in A, 2+3+2=7

TGS T TE Foi e -

Ax = b 2ITICH! IPRIS A 4w
121 [x]
wwe 47|12 4 0| x=in ),

| FICS b T A GIERE T FEEOR

@R vicare Rotsl (et
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(i)

Fmd the general solution of the . -

. followmg homogeneous system (if

exist) : 3

saaﬂmviwﬁ@vtamﬁﬁmaﬂmﬁw

W

r(ii)

L

wmma%ﬁmm(ﬂhﬁwm@
, x+2y+z=0 '
: 2x+4y+z'=0

x+2y-z=0

Prove that every equation of n-degree

has n roots and no more. S

2 T mnﬂmmwﬁﬁmﬁ
n BICE I I, S (@R A1

Find the equation Whose roots are

-3,-1, 4. 2

-3,-1, 4 TR T et

“Form a rational cubic equation

which shall have the roots

1, 3+24-1. \ 3
1 W% 3+ 2471 71 Rorest @t AR
IS ATR=EIT! 15w S
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 OPTION-B
(Discrete Mathematics)
Paper : MAT-HG-2026

1. Answer the following questions: 1x10=10
Ooiq PPTRE T ol ¢ '

(a) - _Consider the set 7, of mtegers with the
' relatlon divisibility. Is the relation a
partial ordering of 7z ?

@A 7 «ﬂﬁ@%ﬂ\'«‘mﬁ”ﬂ%m ‘
T 1 | A=K 7, © RS N = 2

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

95! SRFFSIR Fe IS T ewes @R
YR GBI ARG T T (Lu.b) S oIS
= . (g.1.b) ACE, OF TR =W
i) sublattwe
ICECCi
(i) lattice
-\gﬂﬁ} v
(iii) trail
(iv) walk o
AT (Choose the right answer)
(o7 Tech! I Claear)
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‘ and are the two blnary :
operations deﬁned for lattlces

()

zt%;n ]

() Join, meet
SR, A - |

(ii) Addltlon subtractmn
e, Rt '

(il Union, intersection

(iv) Mﬁitiplication, modulo division
ARSI

{Fill in' the blanks) -

o (0T 3% o439 7).

(d) . State True or False : ‘
IRLVA LR Rl

Complements are uniqué in .a
complemented lattice. » :

WWWW@'

. (e) Let L be a lattice and peL Is {p}
'sublattice ? - '
Wz’auﬁrmﬁtm pell {p} <ot
%ﬁw’ft @2
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| (f}  Let (B, v, A, 0,1) be a Boolean algebra.
 Find the x}ah_J.e of (1A0)v(0v 1)'
@ ¥4 (B, v, A/, 0,1) < T Jemife|
@A0)v (0 vi1) I TW et |

(g Fmd the dual'df the Boolear'x:'expressi'c')n
XA (y vo) | o
av‘ﬂnwl‘w% xA(yvO) Eﬁﬁﬂmmt

W Deﬁne bounded lattlce
- HiiR<E WA TR ﬁtm

i) -What do you. mean by Boolean
functlon? . :

~ _ﬁa-waﬁm%m?

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

_mmﬁsamﬁﬁaﬁamm?-
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2. Answer the following questions : 2x5=10

(a) Show that the followmg posets are not

- (b)

(c)

lattices :
L,=({1,23,..12}1)
L, =({1,2,3,4,6,9}1)

where 1 is being defined as
m/n if m divides n.

et @ L=({123,..12}1) ==

L, =({1,2 3,4,6,9}1) WKFFew e
ﬁ\vj-“-zt‘tw?rmw m/n,’fﬁm m I
Reegi -

Let’ (N, <) be a partially. ordered s;et; .‘ .
where a s b<=>a/b. Is it a chain?.

@ %A (N, <) B wiKFRrelE ‘@ﬁss{gﬁ%’."

T asb<=>a/b £ <ot R4 e

Find the values of the Boolean, functlon
represented by

‘wﬁﬂww%%w@

.f_(x, Y, z)f'-(XAy)vz
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- 3.

(e)

the function

. (xf.y’#— x.z) X

- (xy+xz)+x Wﬁtaﬂ@l\%@w

IR (CNF) © 23K 3|

Draw the circuit represented by ‘the
.Boolean function v

f(x Y, 2)=(xvy)rz
I f(x, y,’z):(xvy)/\z' T

Answer any four questions : 5x4=20

ﬁmwﬁﬁmwm

' (a) ‘Show that the poset of the dmsors of

60, ordered by divisibility is a latlice
and interpret their meet and join.

: mﬂ\wmmawwmwﬂ”—'

oo @ 741 R whie 7!

TIETt 2 SIS AN A (meet)mwmﬁ'

(join) [T = |

3 (Sem-2/CBCS) MATHG 1/2,RC/G 22
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(b) Let A= {1,2 3 4, S}be ordered by the
Hasse dlagram

/\
/\/

(i) Find all mlmmal and maximal
elemerits of A.

(i) Does A have-a first element or a |
last element ? Justify your answer.
2+3=5

e A={1,2,3,4,5} waii%t%t.nas_sc

A /\
/\/

(i)‘ A3 RN Wﬁﬁs W= TN SoAm
%j"ﬁ\‘aan : 4

(i) AT AR ALY AWK A I8 S -
U 7 T& iyl A =4 |
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| (c) Let L be.a bounded disti‘ibutive lattice.
- - Then prove that if a complement exists,
it is umque '

491 2, L«ﬂﬁ"lﬁ%ﬁ?‘tﬁﬁ{@@ﬁlw
o 3] mwﬁaamw (OTT 2[T00! O] |

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

_mqwm@ﬁﬁa%ﬂﬁ—vzﬁm ;

" (e) Put the function
[(x /\ y’)' v z._']/\ (x’ Vv z')'-
in the disjunctive normal form (DNF).

[cny) v 2|n ey 2)- SR
figenfe o weR (DNF) © Bt -
(/) Use a Karnaugh map to find a minimal
sum for Boolean expression
E xYy+xy+xy '
Karnaugh map IR I oo ] iéﬂil

SR TR C?IT‘)RFFT (mimimal sum)
ZRRESIE

E=xy+x'y+xy
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4. 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
: {(x, y)eR, xd1v1desy}.
(i) Conétruct Hésse diagram.

(i) Find maximal and minimal -
elements. :

(iii) Find cham and antichain.
(iv) Find maximum length of cha.ln
(v) Is poset a lattice ?

¥ T x={2, 3, 6,12,24', 36} @b
RS W R G F9E X © T

R={(x Y)ER, xdiVidesy} E

(i) Hasse foa oo WI

(ii) - wmﬂéﬁa%onma%r%fwl
i) o o e %%mn_

(iv) cs?za‘aﬂta‘rssﬁﬂf%m?

W). M@ﬁ—ﬂ@“—c‘m%ﬁrm?
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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 ‘S’ (containment).

(i) Explain why .t:he. ‘power set lattice
- P(U) is a distributive lattice for
~any sét U.- . 5
@) @ TA S={a,b,c} B RS W=

- P(S) Bt s3I WSS |

P W AE S BTS ai (e

AR TS WS P(S)
4 Hasse st o= 1|
() R RS U T RELES e P(U)
Ry ReRR 3@ ol =1 il =1

(b) In a Boolean algebra [B,+,-] prove
that ' v. S
() a+b=lub{ab} ,
(). a.b=glb{a,b}, Va,beB.

5+5=10

A Semifde [B, +,,]am°tzimqw@
) a+b=lub{a,b}
_fi) ab=glb{a,b}, Va,beB
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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"
w@hﬁrﬁw\mﬁquwmmmﬁ?

Laﬁ%aﬁxﬂﬁmzﬁci(ﬂand only if)
x,yel '

x®y*x®z)=(xOy)(x®z)
(c) State and prove De Morgan’s laws in

complemented and distributive lattice.

. W@ﬁwﬁwﬁﬂ@mﬁamﬁa«m
vp ) ﬁﬂ i 3 |

L - Or _
Draw the circuit which realizes the
function-

flx, y,z,t) x/\[(yvt) (zv(xvtv.z))]/\y

6 |
f(xy 2t)= xA[(yvt)v(zv(xvtvz))]Ay

G A

(d) 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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B wswm MGl ﬁm‘i 2l "

@ 20! W T Senifios srwe: ot ‘BN

QI | e 3 (@ AR p Ol g Bt T JemifTes

‘@,ﬂ’-’&ﬂ’?p#q, mm,p/\q-éo ]
Or

. Cons1der the Boolean algebra Dy -

fi) List its elements and draw its

diagram.
(i) Find the set A of atoms.
(iij) Find two subalgebras w1th eight
. elements
(iv) Is X= {1,2,6, 210} a sublattlce of

D210 ? Justlfy

). 18 Y= {1236} a sublattlce of

- D210? Jusf_lfy
qﬁa%mﬂwnma L
() SRR SRea O foaws!, W =
(i) ‘BT I RS A T T :

(i) 8% T ¥ 1 Todienite
(subalgebras) fRfa Wl ‘

v) X={1,2,6,210}. Dypo a«éﬁ@mﬁt |

A TeH Wi & |
) Y= {1236} Dy10 aaﬁ%ﬂ@ﬁﬁ’t
e SO ! o W1
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