
(i) Define atom ofa Boolean algebra. Prove
that every finite Boolean algebra has
at least one atom. Prove that if p and
g are atoms in a Boolean aigebra such
that p+q, then p^q=O.

1+5+4= 10

€H {ft{ ftwfis< '.sBrk c(@r firtr sltq
GI c{ afuA w-ffn Tftr AwF\os qws qbl

'qin' all(o I a{lciGt cs {ft p qK, q ,sbt {ftr
fiqrrfiE<'eBa'q* {b p*q, csr{{rq
p^q=ol

A) Let B be a finite Boolean algebra. Then
prove that there exists a set X such
that B is isomorphic to !/(X). tl

<+ sh B qA rftn {ft{ Aq{F"r csmqcdt tr

e:rtq GI c{ ,{ra .{B cefr x qfcq tb B,

t/(x)<qiffi qrstR-st
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OPTION -A
(Algebra)

Paper : MAT-HG-2O 16/MAT-RC-20 16

Answer ang ten questions: lx1O=10

ffi r<Al3H< Bw fr{fi:
(a) If sum of two roots of the equation

*'- px'+qx-r =O is zero, then

ffi q'fi-fiq *3 - Px2 + qx -r = o < Ft T4<

({lisq:t{l q{' F(g

(t) Pq-r =o

(ii) Pr -q=o
(iil Qr - P=o
(iu) Pr+q--O

(b) If a,'0 , / are the rootS of the equation

' 
2x3 -5x2 -4x+2O=O, then the value

of (a+ B+7)laP+PY+Ya) is

a,f,z cfrcq 2x3-5x2 -4x+20=0 4

{a {r4, (a + B + Y\ (a0 * 0Y *7a) < Tr{ {<

07
(ii) -s
(iiil 6
(iu) 20

(c) If the product of two roots of the equation

xa + 4x3 -2x2 -l2x+9 = 0 is 3, then
the product of other two roots is

xa +4x3 -2x2 -t2x+9 =o cfrs<ffif<
FtXe< t<.t F{ g E?E, q{ktt {dr< "Iqq Ir{
{<
(t) 4'
(it) -4
(iiil s
(iu) -3

(d) The square roots of -2i are

_21q asfuq'c{< tE.

0 r(1-,)
(il) t (1+ i)

(iii) 1(r - 1)

(iu) 1(- i -,)

(e) Construct an example of a 3x3 matrix
which is both symmetric and skew
symmetric.
qB 3"3 ffi-ffis arla mt frtA Vgca rnfiE
qr+ fr<l wfisr

1
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A If A and B are matrices, then rank of (h) A and B are equivalent matrices if and
only if
A qFr, B ktl qaVfl 6fi"d.-$s sfi q<, {fr(E

0 PAQ=B for non-singular matrices
AandB
qfi={{r{ cfrqo+ A qr+ B< <rc<
PAQ:B

(ii) PA=B, for a non-singular matrix P
q€rnF d-{ss P< <IF PA=B

(iit) AQ=B for a non-singuiar matrix Q

qftTF d'f,ss e < <rc< Ae:B

(iv) PB=A for a non-singular matrix P

q€rq1{ dr'-d-$s P< <tc< PB=A

(, What is the identity element of the
group (G, *) where G=-R-{-i} and

ar,b=a+b+ab, for all a, beG ?

c(q (c, *) r €$$ cffryctt ft q'< lU
c = r? - {- 1} !sr<" }r$rEr(TR a, b e G 4

il-6{ a*b=a+b+ab?

0 Construct a multiplication table for 23.

23 < <tr< "Fq< &{d q?Fl {f,{ Gl I

AO
ISthe matrix OB

AO
<ftasl-+ B1ttffi++mq{, Nls OB
cfi-{sstB< cstB {<
(t) rank (A) + rank (B)

(it rank (A) - rank (B)

(iii) rar.k (A) . rank (B)

(iu) rank (A)/rank (B)

@) A homogeneous system of m linear
equationi in n unknown possesse-s the
tiivial solution if the rank of the

. coefficient matrix is

m ?<li-+ q'fi-fi"t q-+ n slsls {ft em .ebl

:{nrfo g6flft-{ fi<eFs.Inl{l{ aflrs {fr c'qn

drrsttrc 6$fr Er

(t)

@

(ii,
(iu)

m

n

m+n

m-n

3 |ScE-2/CBCSI l'{AT HC U2,RC/G 4
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(A What is the order of the following
permutation ?
rr-aa ffi6 flc] fr$q ?

(t)

find (fi"fi o<t) o-1

(m) Let G be a grouP and a,beG be anY

two elements. Then

{<l Eh c eB c<< el<t a, b e G frcofifl 1?l

cfiqr (g(s

(o) What are the eigenvalues of the
foliowing matrix ?

sq< ffii< qftrn$i c<t< ft q? r
7

I
6

6

5

J

4

2

a

7

2

8

(1.

[.

1

2

J

4)
2)'

(1
o=l

[4

8\
4) 0

0

0

4

0

0

3

0

o

2

0

0

-1
0

o

0---c-{t(rf( )

Answer ang fiae questions :

Nmldt ,fu6ldl g'!r< s-s lEI?.[ 3

2 x5= 10

(t) o(aba-

(it) o(aba-

(nU o \aba

=o(")

=o("')

=0(b)

1

1

2
x+2 a+3

0 )(
36
az

'1'

')

/iui None of the above

(n) Write the units of the ring of integers
Z.

q{s q("uFr <dRI z < afu-dfft{ c<a ft{I r

(b) Is the foilowing system consistent ?
Determine it.

se< aqffrdi Tc(N qrc{ r fi"fu $"+r

x-2A+z=2
2x+49 --2

3x+6y+z=4
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(a) Determine x, g, z, if
x, u, z fift oqi, {fr

2



(c) Show that 0 e o (A) if and only if A is

a singular matrix'

cnel\e<l c{ 0eo(A) ffi qt+ qfrrq a ebl

qgfra dt-E-+mt

(d) Find the value of \"2P it a' 0'7 are

the roots of the cubic equation

*'*p*'+Qx+r=o

ftlr.r afro<q x' n PX''! qx1-r = o < TE

6a$t a, 0,v t6 Lo'B < m fift ctt

(e) Evaluate ({d Bfr\B<t) 3 "

\i I
(J3 ' il

A Let G be a group' Prove that il x2 -- e

for all
group.

xeG, then G is an Abelian

tl{t EA G qh qis t sfr x2 = e {$"[EIFF

x e G 1a;5E' 6uCs d:{lq Fil C{ G '!b qr{ft{
q(s I

@) Define a cyclic group and give one

examPle.

ug11r qiq< cigl fr?fi q1' cfitsnr5q fi$l

3 Answer ang four questions

ftT ltrqt rn?Ft e,nr< Ew frqt:
5x4:2O

(a) Solve the equation

*t -5*' -16x+80=0if the sum of
two of its roots is zero.

,3 -s*2 -16x+80=o qfi-s<q6FFtfq<
c{lflTq w {cq, c'ft€qdl T{l{F Grt

(b) Solve the following quadratic equation :

Eq< fu Tfi-fiqdl c:fi{Fr <rfl s

iz2 -2(l+i)z+l=o for zea

(c) Find the inverse of the following matrix
by Gauss-Jordan elimination method :

stEqq6R q"Rx-r qqfr< qtal Ea< d--d-scF6r<

fr"tfts ffi-{$s fi.fu mt c

A--
4

4

J

-8 5\
-7 4l
-4 2)

3 (Sem-2/CBcSl MATHG l/2,Rc/G 8
Contd.

(h) Prove that any group of prime order is
cyclic.

a{l6l ffil cq dfr'{ nrqF frrslr{l c(! D-ft{ r

3 (Sem-2/CBcs) MAT HG l/2, Rc/G 9



(d) Determine the reduced row echelon
form of the matrix

A_

and express each nonbasic column in
terms of the basic columns. 3+2=5

2

4

6

1

c

2

J

6

7

3

6

7

3)
el
6)

A
2

4

6

I
2

2

3\
el
6)

d-q+wtbm qTTs

ttfr eodnq{fi"F{FrtqFr" g&rtq{f, qss

{E VSr{K{:tqE\5 A-$H Silr

(e) Determine the general soiution of the
following non-homogeneous system of
equations :

s4< wrtrt(fl q'fi-qq g"frftFK cl{F6t rrt${
fifi qt:

xr4 x2+2xr+2xo *xs=1
2x, + 2x, + 4x3 + 4x4+ 3xs = 1

2xy + 2x2 + 4 x, + 4x" + 2x, = )
3x1 + 5x2 + 8x, + 6xo+ sxs = 3

3 (Sern-2/CBCsl MATH0I/2,RC/G 10
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(fl Find the eigenvalues, spectrum and

(t
Ir

-1
ieigenvectors of A =

(r
A -_t

u
-1 < qitrerarn, e'"rstrn ql+

1

qRcx{Fe fifi q{ I

@) 0 Prove that if G is a group and

o, b < G, then the equation ax = b

has a unique solution. 3

sfi c ,gbt c(s q+ a, b e G, csrs 9:ilct

Gil c{ ax=a q'fi-<F<"I[B< qlr qkq{
c{l{Ft ('[<l ${ |

(iil In a group G, show that

("b)' = b'o-', for all a, be G'

CE{eTI C{ C$ cs (ab)l=b-ta-t,

crrfl'lc<K a,beG KT16{l

2



(h) Define order of an element of a group.

Let a be an element of a group G. If a
has finite order and k e Z , prove that
ak = e if and only if O (o)llc.

1+4=5

qB q$r< drq ,aDK TEF x@] fi'<tt r r<l q]q

c cwctr< a frcorr+ qbi ffi-{ l {fr a < nrql

sft qr+ {freE o (a)lk.

4 Answer ang four questions :

frr+rtt4t urFbt as< B-s ft{ c

1Ox4=40

(a) (t State and prove De Moivre's
theorem for integral index.

1+5=6
L.

fu frq<<EqryrrBq{s lFfi<rm frqt
ql+ enlq T<ll

(ii) Show that

cos30 = 4 cos3 0 - 3cos 0

sin30=3sin0-4sin3 0

cqls<l (:{

cos30 = 4cos3 0 -.3cos0

sin3 0 -3sin7-4sin3 0

4

3 (Sem-2/CBCS) M.AT HG 1/2,RC/G 72
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(b) (t)

(it)

Soive the equation

*'-g*'+23x-1,5=o
whose roots are in arithmetic
progression. 5

*' -g*2 +23x-ts = o q'fil"qqrtt

Iil$F q{t {< lqq{'{ q{rc< aaGtr
qIRI

Find the condition that the equation

,u - p*' +qx-r = 0 should have

its roots in geometric progression.
5

*' - p*'+qx-r =o{'fi-€{dFlFc{c
sr."flE< d{Gs em< F6til fift mt

(c) O Find the value of

(F * y - a)2 +(1, + a - B)2 + (a + B - )2
if a,p,y are th,e roots of the

equation x3 - Px2 +qx' r =O.
5

a, B, 7 1ft+<tl *t * P*'+ Qx + r = 0(

{E E?f,,

(f * y - o)' -17 + a - 0)2 - (c,. + B - y)2 4

ffitfrsqr



ftn Solve the equation 5

*' -g*' +14x+24=O, two of
whose roots are in the ratio 3:2.
,' -g*' +14x+ 2a = g q'fts<.ttl
c{tnqGl{x1ttp 3: 2 qflss qrcsl

(d) (il Find the value of

("' *z)(p' *z)(y' *z)(a' *z)
where a, p,y,6 are the roots of
the equation

,o -713 +8x2-5x+10=0. 
5

("' *z)(p' *z)(y' *z)(a'*z)< rn
fifrmt\\ o,0,7,a xfte"t
*o -7x3 + 8x2 -5x+10 = 0 < {{l

(ii) If the equation

*o -2r3 +4x2 +6x-21 =o has
two roots equal in magnitude and
opposite in sign, then hnd all the
roots of the equation. 5

ryfi-o<q ,u ..2*3 -.4x2 .6x 2t o<

dn {q rrflq< ftE R"rAE 6-dTE s"d
{fr-fiqrtrc r{q{'d fi"fa mtr

3lsm-2/CBCS) MATHG l/2, Rc/C 14 3 ($m-2|CBCS) MATH0I/2,RC/G 15
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(e) (i) Explain why the following
homogeneous system has infinitely
many solutions, and find the
general solution : 5

\r{< I:r{fq eqffidK fta q'ft1 cr?R-s

crl{li c{r{l {Tr <fl?n ct, qr+ {{F{6t

cnt{F'fi"F{ F{I c

xr+2xr+2x"=6

2xr+Sxr+7x3=O

3x, + 6x, +6x3 = 0

(ii) If A is a m><n matrix such that
rank (A) = r, then prove that

0

0

sfr e eB 74x71 6fr46q sr< 6olF ,r

A- N,= 5
I,
0

I

I, OA{lcl G{l Citr A - lV. =

I



A 0) Determine the rank and identify
the basic columns in the matrix

(it Let A be a square matrix' For all

a eo (A), Prove that x is an

eigenvector of A if and onlY if x is

an eigenvecto r of (A- al)-l ' 6

ffi {q A eil <5f d-{ssl {flFIIr<l-<

a e o (a) < <I(< A{q Gl C{ x, A< qBl

qttrerarc?< {fr ql+ {frcQ x,

(A- al)-t < ,.4bt qR[tiarc* I

sft a eBl ftfrs cis G< E'Hi{,

N(T{6 g$clGl c{ H<{|ot G<TEr<

qB erqst

@ Let Gbe a grouP and aqG' Show

that (a) is a subgrouP of G' 4

{<l {E G ,9bt T(! eF' a e G' cq$3<l

G (o), G< .4Bt E"lci! I

A= 5

1

c

4

1

2

4

I
2

3

.1

2

3

2

4

6

2

4

6

1

2

3

1

2
a

A_

@) (t)

c+tfr fifs <<t ql+ T{ vsril< F{lE ct I

(ii) Prove that a square matrix can be
expressed uniquely as the sum of
a symmetric matrix and a skew-
symmetric matrix. 5
gTIq ct cr qB <rf cfrq+m qFqavn<
qtl wFE ql+ frll rnfie d-q-$s<
cslrrq RDr(< gsn $R{ ffi1

If (A, x) is an eigenpair for a

nonsingular matrix A, show that

(;-t, r) i. an eigenpair for 6-r. 4

<freirq€mfl ffi+o+a<<r< (;, x)
qhqRfficll<Iqa, cq'{s<t cs A-1 <<Ir<

ft', r) *u wB166a q1,

ffit<

@ (,

3 (km-2/cBcsl M.4[H0l/2,Rc/G L6
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If H is a subgrouP of a finite grouP

G then Prove that the order of H is

a divisor of the order of G. 6

t

\

\



(i) (A) Let G be a group, and H and K be

subgroups of G. If htkhe K for
all heH and keK, prove that
HI( is a subgroup of G. 5

{<t {E' G sDt c(s, q+ aq+ rt{m
E{qisrsft T+rqTc<l< heH vf{"

k e K i{tF h'-tkh eK (Er{Std g$q

s.rl C{ HI(, G-< qh E"His r

(B) Prove that the intersection of any
collection of subgroups of a group
is a subgroup of the group. 5

$rl6t ${ c{ ,{B c(!i{ fu(ald c(qlr
Bqqiq< eq{ qirdK eB G"fqis r

Let S be a commutative ring and
R be a subset of S. Prove that R is
a subring of S if and only if 6

rl.{t sh s eA @rRfi(nr rql qFp B
s < qB Eqq<qG I a:r}6t +il ({ & s<
,.{Et E"irq{ sfr q+ {fr-(E
(1) R is closed under addition

and multiplication

cflfl qFe 'Fq glsrl Ttcal(E R
qTq

3 (S€m-2/cBcS) MATHG l/2, RC/G t8 3 {}m-2/CBCSI MAT H0l/2, Rc/G 19 Contd

(2) if aeR, then -aeR,
<fr a. R rer+{fa -a e R,

(3) R contains the identity
element

Rs s < qFF d46l all-c$r

(iil Prove that in a commutative ring

R, the set Rx of units of R is an
under the

4
Abelian group
multiplication of R.

g{tq Fil cs eil @rRFrrK <Eln Rs

affia 6apaq q(S RxG R< t{q
efurr qrr"rm,{btq(+ftn q'iq ttbi sr< t

a) 0



1

OPTION-B

( Discrete Mathematics )

Paper: MAT-HG-2026

Answer anu ten questlons :

ftratTqt r<Ft sa< Ee< fifl c

1x10=10

(a) Let (lY, <) be a partially ordered set,

where o<bealb. Give an examPle

of an antichain, which is a subset of IV,

and is induced by the same relation.

<<l tE (Ir,<) qA q(fu(< efrs q(a&,

{.\9 a < b <> alb. qB 'qFcu!J< EEl5q

fiTt, fr& ,.'Y-< ,{A Eem<Efr, q+ qus q-'6<
nril efFIGs q{ 

r

(b) Let P = O = {0, 1} be two posets, with

the usual '<' relation. Let Q: P -> Q ,

such that Q(o)=1,0(1)=0. Is / an
order-isomorphism ?

<tltlfi P = 0 = {0, U {{Kq'<'c--'r6<trrrc

nB qrFm-v=tr< qfis aiE&, /: P -; Q cf,l-<l

{b /(o) =r,oo)=o. o eil @n-qffit
qaqfr$ ffi z

3 {&m-2lcBCSl MATH0I/2,RC/G 20 3 (scm-2/CBCS) MAT H0l/2, Rc/G 2L Contd.

(c) tet A--{4,5,6,7} , and let

R = (4,4I (5,5), (6,6),(7,7\,(4,s),(4,6), (4,7), (s,6) (s,7\,(6,7)\

be the relation such that (A, R) is a
partially ordered set. Wiite the dual

of (A, R).

(r{l {E A = {4, s,6,7} q+

R = (4, 4) (s, s), (6,6), Q,7), (4,s\,(4,6),(4,7),(s,6), (s,7),(6,7',)i

qrqqBrc-.'r5 6s (A, R) qttqtrftsg,lc<@FE

cisG cn I (A, R) -< ?qsfr"fi I

(d) Let X be a non-empty set, and
(*1X1,.1 be a poset. Is it a chain?

ffit sh' x sil ciq& ftcbt RE {{{, qFL

(g(x),e) eil wrfuc< qfiio qiE& 
r

? ebt6<a oft e

(e) Let (P,<) be a poset. When can
P become a lattice ?

<|<I Ch (P, <) €Br qlifr$-slr< ofis csqG r

P.sfu effi q! '|Ic< ?



A Let D = {1,2, s, 10}. Let 'l' (divides) be

the partial ordering on D. Evaluate

2v 5.

tKr {d D ={1,2,5,10} I fir Sh ,l' (E<q

st<) .F s"f<E €B q(ft$ @n c-ol5 r 2 v s

{nils{ Gl l

@ Is .i. a complete lattice with the usual
partial order relation '<' ?

R )Tl{<"t q$rs @I rr-q6< hr\g qbr fl.fqfiffir
(h) Let .L be a lattice and a e L . Is {a} a

sublattice ?

ffi qh , qB q.rfr ef{. a e, I {a} .ibt
bqqtfi ofr I

(t) Define iattice homomorphism.

qtfi q-{d"lgl< crcI ft{t

0 When is a lattice said to be bounded ?

crfi eils r+ft$ qR<h 1fr ro-<r el r

3 (&m-2lcBcS) MATH01/2, RC/G 22 3 {Sem-2/cBCSl MATH01/2,RC/G 23 Contd.

(K) Deline complemented lattice.

"I{$Tc qrft< rwl fr"IIl

0 Define Boolean polynomials.

Tfia <e"M< cie.t fr,tlt

/m/ is the complement of an element in
Boolean algebra unique ?

Tfiir AsrflfqEs qB ffi-{< "5<o w++ ofr ?

(n) Lel M be a non-empty set. What are
the 'O' and '1' eiements of the Boolean
algebra ?(Ml equipped with the usual
operations '| ' and '[J '?

T{t {m M sB qieG fr[B Fs {qir r 'n'qFF
'U' q{r<q sfuflI< qkE lfir A&flfqs
?(M<'O',ql+ '1', E4iq]a ft ft r

(o) I-et (8,v, n,', O, 1) be a Boolean algebra,

and a e B . Write the vaiue of a' r. a'

and a'v a' ,

ir< fi (B, v, n,' ,o,i) eB Tft{ AE ffls,

9l* ae B. a' na' qI+ a'v a'< fl4 fi{ t



2 Answer ang fite questions : 2x5= 10

frratrqt "ir'Frffi< E-q fi{:
(a) Prove that in the chain i{, m is covered

by n if and only lf n = m+1, Vn, m e A{.

enH Frt C{ AY {(<fdE, m, n i{6Fil qQs {ft
91* {fr(Q n=m+l,Yn,me i:t I

(b) Let P, Q and R be three posets. Let
ryr: P -+ Q and Vz: Q -+ R be order-
preserving maps. Then, prove that
Vz" V1 is order-preserving.

<KI {a' R e qFF R &ffir qiFrs-qr< @fis
q(qfrl<Klt{ q,:P-+Q wl+ tyr:Q-+R
ea-q<<q.f{fft +ql t Csc{ qfd gTl"t Gl C{

yr" g, 4n-I({tFol$Ift TaFI I

(c) Give an example of a poset which has. exactly one maximal element, but does
not have a greatest element.

eil qtifuc< efrs qqq&<E-n<q fi$ su
qe.lil lr{w'(maximal) $eXq6 q6a, ft-g
'flR6 lgreatesq S"[na {Er

(d) Prove that in a distributive lattice, each
element has at most one complement.
anlq F{r ({ .{A fr-s<qRfi p wfis afuBt
ffi-d< T{{t-$ qA eI{$ qrcsr

3 {&n-zlcBcs} MAI Hc l/2, Rc/G 24 3lSm-2/CBcSlil IH0l/2,RC/G 25 Contd..

(e) Prove that every distributive lattice is
modular.

sertt fi-s<qRi\ F qffio ffiE-ot< lfr ean
cilt

A Let f :B-+C, where B and C are
Boolean aigebras. Assume that / is a
iattice homomorphism. Prove that if

"r 
(o) = o, / (1) = 1, then

VaeB.
iKI qh' f :B-+c, {\5 B qf-+ cTfi-{
Aq{Fbr {R cqt-{l c{ /qh qrfi q{-<qqr

eflq cr cI {fr "f (0)=0, /(r)=r, c\56

<a / (a')= Lr("))', Yae B.

@) Draw the switching circuit of

p = x\ (x2(4 + x*) + x. (xr + xu))

EEI5( {sdl
p = x1 (x2(4 + xo) + x, (xr + xu ))
q(FI ?F<II 

I

(h) Write the symbolic representation of
' Identity-gate' and'Or-gate'.

' Identitg -gate' qf+'Or-gare-< d-tsloJ
E"fSl"F. fr..1 r

r b)=u @))"



a Answer ang four questions: 5x4=20
frrrtal or&Fra;r< Eq ft.n c

(a) Let X= {t,2,.:..,n} and define

V :3(X) --+2n b!
V @)=(e1, e2, e3,....,4,), where,

.ie Al
,k Al

2" = {(it, i2, ...., i,): ir,s are o or I, vJ = l, 2
Prove that y is an order_isomorphism.

<r<t tE x = {1,2,....,n} qr+

t//:?(X) _+ 2" {b
,/ (A) -_ (t1, e 2, e3,...., ,, ) El+

,ie A

,ieA
tfls 2, ={\r,ir,....,i),1?<e o <r r,
Vj =1,2'....,n|

O:TIcl Gil Cs r/ eh @n-C<<tofofft x:rotR.<rgit I

(b) l,et S be the set of all positive divisors
of 60, ordered by divisibilitv. Draw
Hasse diagram of the poset S. Also,
find the greatest elemeni and the leasi
element of the poset. 3+2=5

3lSm-2i CBCSI MATHG t/2,RC/G 26

, ...., ll I
t

i1
' [0

<l<I a!' S, 60< r?FcE'l sffiws elqs{ q'(q&,

kstsrlotr< qn Gil | qtifrf,q(< ofis qiqG

S-R 'Hasse'ffi| q<q mt refl6o siRS

E"lWq (greatest element) qE" qfrt $4klq
(least elemenqcil ffi Efrsct t

(c) Let P and Q be two partially ordered
sets. (P x Q, <) becomes a poset with
respect to the partial order relation '<'
defined by

(",, U,)< (rr,u) <+ (xr < g, and xr<yr),

Yx,, x2 e P, Ut,UzeQ.

Prove that (ar,bt)-<(or,br) in PxQ

if and only if (a, = a2 and b, -< br) or
(a, --< a, and b, = br)
({r EE P sr<" 0 ltl ql(ft{sn< efrs qq&r
(P"Q,<) \fl(F1-o q;I 4-of6'<'< tcN,sbl
ql$rcvlK qfrs qpB h'fm r '<' < q(wllB EA

@r,A)<@yA) <+(xr < At&xz<yz) ,

Vx1, x2e P, at,UzeQ.
q$q cl ({ PxQ-E
(ar, br)--<(ar, br) {fr \ql<, {firq
(a, = arq;44 --< 6r; iII (ar --<orwI{.

4=bzl
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(1,,=10

where



(d) Let P be a lattice. Then for all
a, b, c, d e p, prove that l+2+2=s
(i) a<avb,
@ a<b=>(avc3bvc and

onc<bnc),
(iiil (a<band c<d)=

(a v c < b v d. and, a t c < b n d_)

<r<t qh p qbi qrfir cqi,{rd {-$rql
a, b, c, d e p{ {-f,{ qTI6t Stt C{

(i) a< av b,
(ii) a< b ->(avc <bvc Vl{.

a nc < b tc),
(iti) (asb W<" c<d)=)

(avc < bvd gFI. anc<bnd.l

(e) If t is a lattice, lhen prove thal
x n(yv z)> (x ng)v (x nz),Vx, g, z e L

qft r etT qlfi qI, cw{{r{ eTFf Grt c{

x n(g v z) > (x r, y)v (x n z), V x, g, z e L

3 ($nr-2lcBcSl MATHG l/2, RC/G 2a
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A Prove that, if a iattice .L is distributive,
then

(x ty = x   z, xv a = xv z) => (a = ,),Yx, g, z e L

rfr r, qB fi-s<qRfA 1e qrft, csr+<a' aTn
Fil CI

(x ng = x A z, xv A = xv z)> (U = z),Yx, g, z e L

@) Let L be a distributive lattice with '0'
and '1'. Prove that if the element a has

a complement a', then

a, (a' nb)= "" a

{<r fi , 'o'qrs '1< icrc ft-s<q ffi {G
,ItI qfft r <fr a< qB 't{$ a' q{, N[{qrE
€f{l6l itrrl C{

au (a' nb)= o" A

(h) Show that
({ 1, 3, 6, 9, 18 }, gcd, 1cm) does not form
a Boolean algebra for the set of positive
divisors of 18. Is it a lattice ? Justify
your answer. 2+3=5

cq-als(l 6{ ( {t, s, o, 9, 18 } tt.$.B., E.Tt.e) q

18< <{IYFF vlqf,< c(eB< <lr< qil Tfi-{
Mqs afaa roc-<rE qA qrft cqft r Eq<
n]l{fi5t gqFI cll



4 Answer ang Jour questions :

frrorqt uffiFt Ea< Bw fr,n c

10x4=40

(a) I;-t (P, <) and (Q, <) be two partially
ordered sets, where Pand Q are disjoint
sets. Let x<y be defined on PUQ if
and only if either x,yeP and xSy in
P or, x,yeQ and x<y in Q. Again,

let x <'y be defined on P lJ Q if and
only if either x, geP and x<g in P
or,x,geQ and xsA in O, or
x e P, g e Q . Prove that both (P U Q., <)

and (P U Q, <') are partially ordered
sets.

Let P={r,a\, such that x<g and

Q={a, b,c} such that a<b<c. Draw

Hasse diagram of (PUQ, <) and

(PUQ,<). 6+4=70

tr$ qE (P, <) q+ (o, <) $r **p6-vr6<
ofiis qiq&, rB pqrc e ?<qquqfis ceG I

PUQ< eeFte x < g ciBlfrtr Ft qsT {fi
q+ {firq x,yeP qf+ P-e x<y, <l

x,Ae Q qK,8-s xsy. qffi PUQ<

3lsm-2icBcsjMATH0I/2,RC/G 30
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13of{e x <'g xetFs ffil < {fi q1K' {frr{

x,geP qf+ Ps x<U <t x,YeQ 9f+

O\5 x<U <t x eP, YeQ' ATlq ffi C{

(P u Q, <) qr+ (P u o, s') vsT{ q11fi6vtr<

eFs q<qGl

P=lx,U\ 'eI{fs ffit qE ({ x<u qI+

Q = \a,b, c) ert-+ si{ {q' c{ a <b <c '

(P U 0, <) qr+ (P U Q, <')< Hasse FQ

q(sl sr{ll

(b) L,et P and Q be finite partially ordered

sets and let Y:P+Q be a bijective

map. Then, prove that the following are

equivalent :

<.<l {E P ql+ O q'ftr qrrft+sn< Efis c""E&'

qf+ {{t A rY:P -+ Q €il q?ffi qqfrs

G-qqr cscrqrq e:ilq ffi c{ uqs frarml<

qnvql s

0 Y' is an order-isomorPhism

rlz '!Bt @{-qs<sffiA Fqq

(it) x < Y irt P if and onlY if

w (x)<v 1Y) in Q
P-s x < y sft qr+ lfrrq g-s

v (x) 'v (a)



(iil x --< A ir P if and only if
wQ)-<v@) in Q
p-\o x--< g <ft wt+ nfrR q-s

v G)--.v (u)

Prove that two linite partiaily ordered
sets P and Q are order-isomorphic if
and only if they can be drawn with
identical Hasse diagrams. 6+4=70

sTlq Gt c{ o {frn *rp6vr6< ofrs qiq&
P qK, Q @n-qsrFq-dfr q?qft q:q-fiR"s {ft
qa, {frcq t&s siea Hasse Fsc< vttfu
{Gr
Let P be a set on which a binary relation
'<'is defined such that for all x, g, z e P

x<x is false,
(x<yandA<z)=>(*.r).
Prove that if '5' is defined by

x<Ac>(x<yor -76 = y), then '<' is a
partial order relation on P. Also, prove
that every partial order on P arises from
a relation '<' satisfyi4g fi) and (ii).
{<l ah P qB ciqG {b'.'c*f6 qr{Er< cgffiE
<E-{ t{e Cq P{ {stql x, A, z e P < <l(3

,.r fr{,
(x.y qF" g<zl=(x<z)

(c)

(i)

(ii)

o
(i4
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gflq cil c{ {fi '<' < q(@l

x<Aa(x.y <l x=Y) q{,F(;r{rd'<'P<

s"r<s qfi q$rc aq q"{6 {< tqtiN, sflq +q rl
p< \e"FrE gfrrtr sl(Frc @n {-'16 f, q+

firl ctrt ffil '<' {'?f6< 'R tE< s{l

Prove that a lattice ordered set (L, <)

can be converted to algebraic lattice

(L, a, v) and converselY'

enH GI ({,sbtqiftsslt< @frE qffi (t, <){
M4q{qffi (r, n, v) tqq$Mq6{ffi
(r, n, v) s qliftsql< @fis (r, <) qlftE

q"tts ok< ffir

Show that a sublattice of a distributive
lattice is distributive. Prove that for any

two elements x, g in a lattice 'L, the

'interval' l*,al= \" e Llx<a<Y) is a

sublattice of -L. 5+5= 10

cr{s<l c{ qA ks<"t RR{s q'rft< Bqstfts

{iv<.t i?fi1w I e{lq $<t cs qrft 
'-<

frr$,ftal ltt ffi{ x, u< <Ir<'q$FT'

l*, a\= {o e L I x < a s g} m'{il E"fqrft r

(d)

(e)



A Show that the set l[, having partially
ordered by 'divisibility' is a distributive
lattice. Is it complemented ? Show that
the partially ordered subset

Q = {r,2,4,5,6,12,20, 30,60} of

(i io, <) , where No = Ar U {0} and

a<be alb is not a lattice.
6+2+2=7O

chls<I CI'fr-.r=lGT\ EFI ql'F|reft< EfrE ffi'$
N c(Efb(br tis<q lill rl{r sEI qfr I

E "fq-+Tc (complemented) cqft t Cn{s<t c{

(r,ro, <)-< vl$rsvtm ofrs B"EQG

Q = 1 1, 2, 4, s, 6, t2, 20, 30,60] ,{a qlfi

4qn {}o l% = irU{0} qf+ a < b c+ alb.

(d There are eiectrical switches next to
the three doors in a large room to
operate the central lighting. The three
switches operate alternatively, i.e., each
switch can switch on or switch off the
lights. Determine the switching circuit
p, its symbolic representation, and
contact diagram. Each switch has two
positions - either on or off.

4+2+4=7O
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t
I

cu16d' qEF( u.qltE ,{il vls< 6sl5r{ &ffil
({{< TI{CS ?<EI&s r?E qtrsl effi EiIF

fr-o-dstr< sFI sF, q{q afutt Fru ERn qq

<r T{ $fr1 "flrsr ffiq <6ft p, ?3< sfrfi
G"ltqq fr.fu mr q$ hIrdk' Eq q(F €l I

ct"6t FQu< ktt qaEt< ctr(s - En q-{.<t qT 
I

@ Define Boolean algebra and Boolean

homomorphism. Prove that, for all x' g
in a Boolean algebra 1+1+8=1O

{ftr asflAs w lfu \r{qqsr< rtgtfi$l
g:Incl c{qDt 3ftiAq{ftser"oFIx, Y<

<tr<

0 \x^al=xvA

(it

(iit x<y ct x'>g'

(iu) x<a>(xa9'=O)

'0' is the 'zero element' of the Boolean
algebra.

'o'{a Tff{ Mds< 'W b"tttT{'l

(xvy)' = Y' 69

Conr.d.


