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MATHEMATICS
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Answer the Questions from any one Option.

OPTION-A

Paper : MAT-RE-5016

(Ihimber Theory )

OPTION-B

Paper : MAT-RE-5026

(Discrete Mathematics)

Fhtt Marks : 80

Time : Three hours

The figures in the margin indicate
full marks for the questions.
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OPTION-A

Paper : MAT-RE-5016

(Number Theory)

1. Choose the correct options : 1x10=10

^ ̂ g

.  (i) Which of the following eqiiations cannot
have integer solutions ?

(a) 6x + 5ly = 22

(b) 33jc + 14i/ = 115

(c) 14x + 35j/ = 93

(d) 56x + 72i/ = 40

.  (U) Which of the following is a Fermat
number?

(.<phy>l Fermat

(a) 25

(b) 128

(c) 197

(d) 257
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(Hi) Which one of the following is true for

the congruence 6x = 2 (mod 4) ?

6jcs2(mod4) congruence

(a) There is no solution.

^  * i •

(b) There are two distinct solutions.

%n4 ̂  (distinct)

(c) There are three distinct solutions.

FoR5l (distinct) I

(d) There is only one distinct solution.

%lH'sr|3I (distinct)

(iv) The highest power of 7 that divides
150! is :

150!^ 7^ W^*4 §

(a) 24

(b) 18

(c) 30

(d) 12
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(v) Which theorem states that "If p is a
prime, then (p-l)!s-l (modp)"?

C5C® (p-l)!s-l (modp)"?

(a) Dirichlet's theorem

Dirichlet^

(b) Wilson's theorem

Wilson^

(c) Enler's theorem

Euler^

(d) Fermat's litde theorem

Fermat^ little
C

(vi) Euler phi-function of 1000 is :

1000^ Euler phi-WT ̂  S

100

(b) 250

(c) 400

(d) 200
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(vii) Mobius ju-function of 30 is :

30^ Mobius S

(a) 1

(b) -1

(c) 2

(d) 0

(uiii) Which of the following sets is a complete

residue system modulo m?

modulo

(a) 1,2,..., m- 1

(b) 0,1,..., m

(c) 2, 3,..., m + 1

(d) None of the above

vQ9|^ ?T5]?r
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(ix) Which one of the following statements
is true?

wHcSl 'FsJ?

(a) If (^) asb(modm),

then (CS(^) {a, m) = (b, m).

(b) a = b{modm) iff <iRc^

(a, m) = {b,m).

(c) Both (a) and (b) ̂ e true

(a) ̂  (b) "prfBit W

(d) None of the above

'51^

(x) The value of r(l80) is :

(a) 12

(b) 16

(c) 24

(d) 18
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2. Answer tlie following questions : 2x5=10

(a) If a prime p divides ab, then prove that
p divides ei^er a or b.

SW®f ̂  pC^ ^ I

(b) For any positive integer k

prove that (£W®t ̂  CT)

"If (^) a s b (modn),

then (OSUS) = b'^(modn)".

(c) If m and n are integers such that

m  n ̂

gcd{m,n) = l

then prove that (C^cC^ 2Rf®f ̂  CT)

a{mrL) = a{m) cr{n).

(d) Find the highest power of 5 that divide
518!.

518 I ̂  ̂®f ̂^5% 5 ̂ ^

^1
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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.

CT {1,2,4,7,8, 11,13, 14} ̂51^

In'#! modulo 15^*451 "okic*!^

serial

3. Answer any four questions : 5x4=20

5//W W W W 8 • .

(a) Prove that there are infinitely many
primes.

^ (?f ^5|%|

(b) Prove that 53^®® + 103®^ is divisible by
39.

2W«f W (?r 53103 + 10353^ 39 ^ I

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

aP~^ = 1 (mod p)

«Rt p pfa.

•  2hlT«t ̂  (?r

a^~^ .= l (mod p)

3(Sem-5/CBCS)MAT!REl/2/G .8



(d) Show that there are no positive integers

n satisfying <T(n) = 10.

(?[ cr(n) = 10 ̂  ^

(e) State and prove the Euler's theorem,

Euler? ^ ̂  I

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

n and relatively prime to n is ̂ n^{n).

^ (?f teM n > 1 ̂  ̂

4. Answer any four of the following questions:
10x4=40

IVC4>lMf biRSH ̂  ̂ %

(i) (a) Determine all the positive integer

solutions of 5jc + 3i/ = 52.

5x + 37/= 52 7ifl45^«tC5l4
7prf«r|sT I
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(b) Prove liiat there are infinitely many
primes of the form 4g + 3.

-  5+5=10

^ (?r 4q + 3

(U) (a) U 2"^-^ 1 is prime, then prove that

m = 2" for some integer n > 0.

■# 2^"+ 1 ^ COT

^m = 2".

(b) Prove that 41 divides 2^°- 1.

5+5=10

2W«f ^ 220-1, 41

(Hi) (a) If (^) Fis a multiplicative function
(F multiplicative

and (^) F(n)=2]/(d)
d\n

then (COT) prove that (SWcf <Rf (7f)
fis also a multiplicative function.
{f^QscQ miiltiplicaitve <poi*i I)
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(b) If (^)/is a miiltiplicative function

if ̂  multiplicative "^)

and F is defined by F?

i^R?T (7l)

d\n

then show that (CSoC® SWf CT)

F(8.3)=F(8).F(3).

5+5=10

(iv) (a) State and prove the Chinese

Remainder theorem.

Chinese Remmnder I^TTt

^ £t^«t ̂  I

(b) Solve the system of congruences.

^55^ congruence 2(®t1<^ci5l ^5^ I

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

5+5=10
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(v) Prove that the function //(n) is

multiplicative.

grsrfef^ (?r //(n) multiplicative

Also prove that CT).

di to, ifn>l

4+6-10

(vi) (a) Find the remainder when 41^^ jg

divided by 7.

41^5 ̂  7 ^ I

(b) State and prove the Wilson's

theorem.

5+5=10

Wilson ̂  I^NT ̂sfl^ gfsrfct ̂
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(vii) (a) 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

^ n ^ p «£i'5T
^ (?f n !^

I
fc=l

n

7

(b) Find the number of zeros that

appear at the end in the decimal

representation of 158!

5+5=10

158!^ decimal representation^

(viii) (a) Prove that for each positive integer

n>l

feM ^5r?|^ n > 1 ̂  ̂

n = X
d\n
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(b) If n = pf^ is the prime
factorization of n>\

n = Pi^ P2^.... p^', n>m
prime factorization ̂

then prove that

-1 _ 1 n'^r+l _ 1

.Pl-1 P2-I Pr-1
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

(a) Define a poset.

^£1^^ %It 1

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

liist ^ ^=1%

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

cM%?n

(d) Write the absorption law of lattice.

(e) Write when two lattices are called
isomprphic.

•C<|sfsJl| ̂  ColfS^ ̂ 5|t|]5''SRfW CWt "5??
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(f) Define complement elements in Boolean

algebra.

(g) Write De Morgan's laws in Boolean

algebra.

#iTrR I

(h) What is two element Boolean algebra ?

"3piiih ^ilq(.«r(Sil

(i) Define an ordered set.

(j) Give an example of a contradiction.

•ifeT, (^Ffm 1^) %[t I

2. Give answer of the following questions :

2x5=10

vsffl^ 21*1^ ̂  %|t g ,

(a) Prove that every finite lattice is

bounded.

2W®t ̂  (?F 2tf%C5t >^pivs I
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(b) Draw the Hasse diagram for the lattice
({1, 3, 6, 12, 24}, I), where | stands
for divisibility.

({1,3,6, 12,24}, I)
I  i£| |^N»)vsrj\st I

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

C4 a= b

ab' + db=0

(d) Draw a diagram for the Boolean

expression (x + y + z)(xy + x'z).

{x + y + z)(xy + x'z) ̂

(e) Draw a diagram of an OR-gate.

OR-C^ ^ I

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

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

^ 1^4 C^lt^ %1T I CT ̂ ^4
coiID^ 1^044 I
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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  1 B ^pr?rR I CT

S={0,.1} B^ 'il'5t ^I

(c) Show that the intersection of two sub-

algebras of a Boolean algebra is also a
sub-algebra.

(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 = {a, b, c} be the
poset with partial order 'cShow that

(A, <) and (B, c) are isomorphic.

A = {1, 2, 3, 5, 6, 10, 15, 30}

^511^ Rv»|*SrjvsK

^1 «Rt B=P{S)

"^r^© S = {a, b, c} <e'

I  (A <) ̂srt^

(B, c) ^1
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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

(f) Express {x + y){x! + z) and xin CNF of
three variables x, y, z. 2y2+2Vi=5

{x + y) (x' + z) x^ X, y, z
CNF^Sl^^l

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

%It o

(a) Define a partial order relation in a set.
Examine whether the following
relations satisfy sdl 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 x^ - 4x <y^ -4y-

(ii) A relation ~ on the set jR2 such as
(a, b)~{c, d) if and only if

|aib|>|cd|.
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^  ̂ %it I

3R Tfw >i<i»t«!iiwH ter

viiR-^w s .

(i) ^1^ R^ >mi ~ "^I'^

x~ 2/'?rf^^l-^<iI>tc^ x^ -4x<y^ -4y.

(ii) ■ i?2 Xs ^ -^f'Xs

(a, b) ~ (c, d) "^iR ̂ srN;

|ab|>|cd|.

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

(a + b) {b + c) (c + a) = ab+bc + ca
for all elements a, b, c of B. 5

(?f^^ CT ̂  ̂RraiJ? liioTCSi^

^<P(.eilc<iH a, b, ^

{a + b){b + c) (c + a) = ab + be + ca.

(ii) Prove the De Morgan's laws in
Boolean algebra. 5
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(c) Express each of the following
expressions in DNF in the variables
present : 5+5=10

(i) xyz + (x + y)(x + z)

(ii) xy' + y(x' + z)

^  DNF^

S

(i) xyz + (x + y)(x + z)

(ii) xy' + y{x' + z)

(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.

^ ̂ I wot

"^1 3^ W

C^slwft ^
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(e) (i) 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

#RrR DNF

X, y, z 'JRit

DNF C5t #n!|t I ^ (?r DNF

(ii) Express (x+y + z) {xy + x!zy in
CNF. 5

{x+y+z) (xiz + Afz)'^ CNF^

^1

(f) (i) Let the set of positive integers N
be ordered by divisibility. State
whether the following subsets are
totally ordered and justify your
answer :

(a) {2,4,24}

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

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

2+2+2=6
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I^WrFst 3R

1^ ̂  ̂ sM^
^1 ■

(a) {2,4,24}

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

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

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

(a) (x + y + z)(xy + x'z)

(b) xy + (z'{xf + y))

(g) Prove that a non-empty finite poset has

(i) At most one least element.

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

2Wf®f ̂  (Tf 5^^

(i) (list oiR'J) I

(ii) ^ I
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(h) (i) Define du^ of a lattice. Show that
dual of a lattice is again a lattice.

1+5=6

^  %lt I

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

4

(?r^ (?r RvsjIvstjvsH 12^

^ I Id^si <1^1 1 •
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