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Answer the Questions from any one Option.
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Paper : MAT-RE-5016
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Paper : MAT-RE-5026

( Discrete Mathematics)
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Time : Three hours
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full marks for the questions.
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OPTION-A
Paper : MAT-RE-5016
( Number Theory)

1. Choose the correct options : 1x10=10
w7 Beq 3o S ¢

(1)  Which of the following equations cannot
have integer solutions ?

T (! TR O A A2
(@) 6x+51y =22

(b) 33x+14y =115

(c) 14x+35y=93

(d) 56x+72y =40

(i) Which of the following is a Fermat
number ?

O (PINCEI OB Fermat A4 2
(@) 25

(b) 128

() 197

(d) 257
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(iii) Which one of the following is true for
the congruence 6x =2 (mod4) ?
6x=2(mod4) congruence OR (FIo
OEE (N6 A9 2
(@) There is no solution.

AR (@I AL TR
(b) There are two distinct solutions.
B4 WO ¥9F (distinct) LA SICR|
(c) There are three distinct solutions.

e Gl FoF (distinct) T SR |

(d) There is only one distinct solution.
39 WY 951 FoF (distinct) TG SR |

(iv) The highest power of 7 that divides

150! is :
150 | 3 29 S99 7 9 A WS 21 3
(@ 24
(b) 18
{c) 30
[d) 12
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(v) Which theorem states that “If p is a
prime, then (p-1)!=-1 (mod p)”?

TN (O] oy S ‘M p B GNfeRe
RAL, (8 (p—1)=-1 (mod p)”?
(a) Dirichlet’s theorem

Dirichlet 3 Go{{i7]
(b) Wilson’s theorem

Wilson 3 ©oi#iimy
(c) Euler’s theorem

Euler 3 ©io{iy

(d) Fermat’s little theorem

Fermat 3 little o=y

(vi) Euler phi-function of 1000 is :
10009 Euler phi-¥eW 37 ¢
(@) . 100
(b) 250
(c) 400
(d) 200
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(vii) Mobius p-function of 30 is :
309 Mobius p-TH %'F 3
(el
(b) -1
(cli 52
(@ O
(viii) Which of the following sets is a complete

residue system modulo m?

o9 (FINCH! 2R modulo m 3 T SR
SfelieT! 2

ol b e e
() 0,1,..,m
€ 2,38,..,m+1

(d) None of the above
@7 «BI8 T2
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(ix) Which one of the following statements
is true?

OR (P Of e ey ?

(@ If @AW) a=b(modm),
then (CSC8) (a, m)= (b, m).

(b) a=b(modm) iff (I =% AfwR)
(@, m)=(b, m).

(c) Both (a) and (b) are true
(@) B (b) TEADR 7]

(d) None of the above
SRR I8 ] 7T

(x) The value of 7(180) is :
7(180)F ¥ 27 ¢
(@ 12
(b) 16
(c) 24
(d) 18
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2. Answer the following questions : 2x5=10
I AHCRIOR Ted el 8 '

(a) 1If a prime p divides ab, then prove that
p divides either a or b.

W GOf (MR A p (§ ab< 9 TH, (08
A TN @ p & aF T[T 2794 T

(b) For any positive integer k
(R GA 9 W18 TR k< AR)
prove that (&4 S (@)
“If (af®) a=b (modn),
then ((9C8) a* = b* (modn)”.
(c) If m and n are integers such that
@M m F n 7B TG FLA ACD)
l ged(m,n)=1
then prove that (CS(S &3id F1 ()
o(mn)=c(m)an).
(d) Find the highest power of 5 that divide
Syl

518! F 29 BRI 2191 59 AAE® 9o [
4 |
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(e) Show that the set of integers

{1,2,4,7,8,11,13,14} is a reduced
residue system modulo 15.

medt @ {1,2,4,7,8,11, 13, 14} S8
WY R[S modulo 15 <GB! N SRT
el |

3. Answer any four questions : 5x4=20
- [ Bifehr dee Be <= 3

(@) Prove that there are infinitely many
primes.

Zid T @ N TRAT AZfSwH S|

(b) Prove that 53193 + 10353 is divisible by
39. :

o¥id 91 (T 53103 + 10353 39 (¥ 719 Y|

(c) Let p be a prime and suppose that
pfa. Then prove that

a”! =1 (mod p)

41 R8T p bl TG GRferF 2 ST pf a.
SACTACH P R B R

aPl=1 (mod p)
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(d) Show that there are no positive integers

(e)

n satisfying o(n)=10.

oed @ o(n)=10 % Fm SR A @I
GRS 1% YT A2 |

State and prove the Euler’s theorem.

Euler I Sovivco! Tl =i sl <541 |

Prove that for the integers n>1, the
sum of the positive integers less than

n and relatively prime to n is %ngﬁ(n)_

oM T (@ R e WA o> 19 AE
n Ol& 3 % n I FE CNETS (2 S AP

o T3 Snpn).

4. Answer any Sour of the following questions :

10x4=40

OoTd SRR [RepieAl bIfAbR Oed I 8

()

(a) Determine all the positive integer
solutions of 5x+3y=52.

5x + 3y = 52 ANNFIBR T LGS
A Sferedt |

3 (Sem-5/CBCS) MATRE1/2/G 9 Contd. '



(b) Prove that there are infinitely many
primes of the form 4g+ 3.

5+5=10

A TG (T 4q+ 3 SPRE ST FAF
T AL SNE |

(i) (a) If 2m+ 1 is prime, then prove that
m = 2" for some integer n>0.

W 2m+ 1 @O G R T, (9%
16l 1 (A (I <51 B0 3l > 09
QA& m=2n,
(b) Prove that 41 divides 220- 1.
5+5=10
o N @ 220- 1, 41 F Rerwy|

(@) (a) If(3AW) Fis a multiplicative function
(F <6l multiplicative & )

and (I%). F(n)= Y f(d)

d|n

.then ((ST¥) prove that (eiis =i @)
fis also a multiplicative function.
(f Ftwe @b multiplicaitve T [)
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(b)

() (a)

(b)

If (IW) fis a multiplicative function
(f 9Bl multiplicative %W 23)

and F is defined by (% F3 k@l
Gl 4999 =W (@)

F(n)= Zlf(d)
din
then show that ((St3 &3 T (@)
F(8.3)=F(8).F(3).
5+5=10

State and pfo_ve the Chinese
Remainder theorem.

Chinese Remainder ©oo{iwio! &2
i A 9 |

Solve the system of congruences.

wed congruence AAETICO!N AL F41 |

x =2 (mod 3)
x =3 (mod 5)
x =2 (mod 7)

5+5=10
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(v) Prove that the function ,u(n) is
multiplicative.
o T4 @ p(n) TN OB multiplicative
e |
Also prove that (F197C9 &= 9 ()

2, ud)=

{1, =1
d|n

0 ifn>1
4+6=10

(v) (a) Find the remainder when 4165 is
divided by 7.

4165¢7@i€ﬁ$ﬁm®mﬁcfﬂw:

(b) State and prove the Wilson’s

theorem.

5+5=10

Wilson I Coi=iWiB1 forat i 2isiet 25 |

3 (Sem-5/CBCS) MATRE1/2/G 12



(vii) (@) If n is a positive integer and p a
prime, then prove that the
exponent of the highest power of
p that divides n! is
I n GBI ISR SRS TR HE p @6
G TR 2T, (S0 A6 6 @ n!
299 SR 2[4 pI AH® WS T3

5l

(b) Find the number of zeros that
appear at the end in the decimal
representation of 158!

5+5=10

15819 decimal representationd

i e e e Refa i1
(viii) (@) Prove that for each positive integer
nx>1

RHE IS ORe AN n>1 3 AR
oA T

n=y 4(d)

d|n
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(b) If nzpfl p§2.... pkris the prime
faqtorization of nz1

RIG nzpfl pgz.... pfr, o n>=13
prime factorization <d

then prove that

(o0 gvid =9 @

' k
o(n)= p -1 ppt - i
5+5=10
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OPTION-B
Paper : MAT-RE-5026

( Discrete Mathematics)

1. Give very short answer of the following :
1x10=10

s 53 Te fral ¢

(a) Define a poset.

1 R i cefe el @l

(b)) Write when two elements of a poset
are called comparable.

o foal B o i 2R o1 (T o
2

(c) Write when a partially ordered set
becomes a total ordered set.

e o @hie skefe «bl wod TR
)26 792

(d) Write the absorption law of lattice.

T @eoe a1l |

(e) Write when two lattices are called
isomorphic. '

el o1 (b IRy ST (PRl 272
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(i’ Define complement elements in Boolean

algebra.
RN GEEE e CTeE TRl |

(g9 Write De Morgan’s laws in Boolean
algebra.

Ifee GeTEER & wsfime REsst fore |

(h) What is two element Boolean algebra ?

73 G 3R e 2

() Define an ordered set.

Bt EFﬁ?ﬁ e et fra |

() Give an example of a contradiction.

<5t Rt (miw fwy) S s1emr |

2. Give answer of the following questions :
2x5=10
Ooq 2f%q Bed fra ¢

(a) Prove that every finite lattice is
bounded.

e 1 A 2Ot Mfire @ g #ifqs |
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(b) Draw the Hasse diagram for the lattice
({1, 3, 6, 12, 24}, |), where | stands
for divisibility.

({1, 3, 6, 12, 24}, |) (=o=s (2= fod ==
=, e | 9 Reerel @ |

(c) Prove that in a Boolean algebra, if
a=b then ab’'+ ab=0.

A 9 @ ot Jeraie ersEre I a=b
2, (O ab'+ab=0 291

(d) Draw a diagram for the Boolean
expression (x+y+z)(xy + x'z).
e AW (x+ y + 2)(xy + x'2) T Ba=
A T | :

(¢) Draw a diagram of an OR-gate.
OR-(55 B B & T |

3. Give answer of the following : (any four)
5x4=20

fizaica BIf9614 ©el fra ¢

(a) Define a distributive lattice. Show that
the dual of a distributive lattice is again
a distributive lattice. 1+4=5

<5l Read (eifbes Ticeal a1 (ryedl (@ Ko
@R B TEE S Rosel @i 83 |
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(b) B is a Boolean algebra containing 0
and 1. Show that S={0, 1} is a sub
algebra of B.

0 9% 1 I& B 90! Jerin Geedt | edl @
S={0, 1} 2! BT G5} BE~9sal 29|

(¢c) Show that the intersection of two sub-
algebras of a Boolean algebra is also a
sub-algebra.

S (T 51 IR IFTERIR Whl R rediq
(T o} @b QR-GETEal 29 |

(d) Let A={1, 2, 3,5, 6, 10, 15, 30} and
consider the partial order <’ of
divisibility on A. Let B= P(S), the power
set of S, where S={gq, b, ¢} be the
poset with partial order ‘c’, Show that
(A, <) and (B, c) are isomorphic.

A4=1{1,2,3,5,6, 10, 15, 30} 95 7:zf>
S G2 FAZOIS ‘< 2 ereTeR o LIRS
TN A TH B=P(S) TF S3 e FeafS
% S={aq, b, c} T ‘<’ T Ty O
T @i W1 e @ (4, <) O
(B, C)WT?EW%EFQ?I
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(e) Define absorption and idempotent laws
of Lattice. Show that the idempotent

laws follow from the absorption laws.
1+1+3=5

(IR RE{5 ST SRS s ikee!
ol | (TY8a (T TP AT SECAES
S S |

( Express (x+y)(x'+z) and x in CNF of
three variables x, y, 2. 2Ya+2%=5

(x+y)(x' +z) TF xTF x, y, z 5 I&
CNF © =M 41|

4. Give answer of the following : (any four)
10x4=40

Rzt bifE6i9 el WAl ¢

(a) Define a partial order relation in a set.
Examine whether the following
relations satisfy all axioms of a partial
order relation : 2+4+4=10

(i) A relation ~on the set of real
numbers such as x ~ y if and only

if S —dx<y® —4y.

(i) A relation ~ on the set R? such as
(a, b)~(c, d) iff and only if

|ab|2|cd|.
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@Bl Ao TRMT T I Al i | eew

THF (2012 FRKE P IR AR [

WA AT 9 ¢

(i) IV RAE O RS I 79F ~ T©
x~y W EEIME x° - 4x < y® - 4y.

(i) 2 R2w 4 T - T
(@, b)~(c, d) I =% Itz
|ab|>|cd].

(b) (i) For any Boolean algebra B, show
that

(@+b)(b+c)(c+a)=ab+bc+ca

" for all elements gq, b, c of B. S
(MG (@ 9l I YTl B
TR G @ b, ¢ &I

(@+b)(b+c)(c+a)=ab+be+eq.

(i) Prove the De Morgan’s laws in

Boolean algebra. ' 5
e ereRiE fe et TRIICH! ot s
) G
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(c). Express each of the following
expressions in DNF in the variables
present : S5+5=10

O xyz+(x+y)(x+2)
(ii'} Xy +y(x' +2)

ols Yforst 9T e o 5EREIeE DNF ©
paa L)l S 1

Q)  xyz+(x+y)(x+2)
(@ xy +y(x +2)

(d) A committee consisting of three
members approves any proposal by
majority vote. Each member can
approve a proposal by pressing a button
attached to their seats. Design a circuit
as simple as you can which will allow
current to pass when and only when a
proposal is approved.

fSRsRF TR o1 I SABVRERR (Si6S
GRACS oZ T W | 2Af ST TR (OSE
S FRYE: O B qrivt evgike e fem
(o6 B IR AN AfSTE GO o s
7y, (ofediz Ryje o[RS 27 “[ite @B e
TEA S A4 |
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(e) () When a Boolean expression is said
- to be in DNF ? Write the complete
DNF in three variables x, y, z.
Show that a complete DNF is
identically 1. 1+1+3=5
ieal qb! N T DNF 36 it
Zq? B0 5619 x, y, z ¥ Ao
DNF (5! feril | &l S0 (@ 75« DNF

«B1 S 1 F FI@e |

(i) Express (x+y+z) (xy+xz) in
CNF. S

(x+y+z) (xy+xz)F CNF© =5
9 |

() () Let the set of positive integers N
be ordered by divisibility. State
whether the following subsets are

totally ordered and justify your
answer :

(@) {2,4,24}
(b) {3,5,15,25}

(c) {3, 15,45,90, 360}
2+2+2=6
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Relerel @9 THge AN o4 TRAE
el N9 I o Bopieale (@201 =9l
G s wWHE Rl oE IS e
|

@ {2,4,24)

(b) {3,5,15,25}

(c) {3, 15,45,90,360)}

(i) Draw the diagrams for the
following networks : 2+2=4

(a) (x+ y+2z) (xy+xz)

b xy+(2'(x'+y)
G TR B O 4 |

(g) Prove that a non-empty finite poset has
(i) At most one least element.

(ii) At most one greatest element.
5+5=10

o 9 (@ 9Bl SfeRe M wifks wie
R2foq

(i) TE® RS GO SR G AT |
(i) D AR <O AR GheT AT |
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(h) (i) Define dual of a lattice. Show that
dual of a lattice is again a lattice.
1+5=6

(IR BR Traer ke | orgeat @
(=102 GOIF TEE s 51 (Al 24 1.

(i) Show that the set L of all factors
of 12 under divisibility forms a
lattice. Draw its Hasse diagram.

4

et (@ Rolerer widiee 127
| TRCERI BT o L <ot =1fog
2| 2R 7R g bt sz 591
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