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OPTION-A
Paper : MAT-RE-5016
( Number Theory)

1. Choose the correct options : 1x10=10
% T A Sfeed ¢
(i)  Which of the following equations cannot

(1)

have integer solutions ?

o (PGB! TP SRS T 22
(@) 6x+51ly=22

(b) 33x+14y=115

(c) 14x+35y=93

(d) 56x+72y =40

Which of the following is a Fermat
number ?

wd (A €bl Fermat R4 ?

(@) 25

(b) 128

(c) 197

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

the congruence 6x =2 (mod 4) ?
6x=2(mod4) congruence (313 (FTw
O (D! ) 2

(a) There is no solution.

BRI Y 12

(b) There are two distinct solutions.

219 YOI 77 (distinct) TGN i |

(¢c) There are three distinct solutions.

279 fS0! ¥9% (distinct) SN SCz |
(d) There is only one distinct solution.
29 19 b1 FeF (distinct) L B0

The highest power of 7 that divides
150! is :

150 ! ¥ 239 3/ “f41 79 A% o 79 ¢
(a) 24
(b) 18
() 30
d) 12
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(v) Which theorem states that “If p is &  (vi)) Mobius p-function of 30 is :
prime, then (p—1)!=-1 (mod p)”?

303 Mébius u-FW 29 ¢
SER RO Tl Wre “3f p @Bl G

R, (908 (p—1)!=-1 (mod p)”? (@ 1
(a) Dirichlet’s theorem (bj3i=1
Dirichlet 3 S« © 2
(b) Wilson’s theorem @ o
Wilson 3 G297
(c) Euler’s theorem (viii) Which of the following sets is a complete
Euler  Soisiiw) residue system modulo m?

(d) Fermat’s little theorem o (ICO! 32 modulo m 9 e ST

Fermat3 little ool 2AeffeT 2
(vi) Euler phi-function of 1000 is : _ (@RS e o mr]

10009 Euler phi-&&« T'F 8 (L, The i)
el o0 o) 28
(b) 250
(c) 400 : (d) None of the above
=
(d 200 | @919 OIS TR
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(ix) Which one of the following statements
is true?

ol (I TfE Ao ?
(@ If @) a=b(modm),
then ((903) (a, m,) =(b, m).
(b) a=b(modm) iff (AW =T WD)
(a, m) = (b, m).
(c) Both (a) and (b) are true
(@) S (b) FLADIR 7}

(d) None of the above

G999 Wb Fej 7R
(x) The value of z(180) is :
7(180)3 WM 23 ¢
(@) 12
(b) 16

(el 24
(d) 18
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Answer the following questions : 2x5=10

Oeiq FR0I9 Beq ol ¢

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

I @G GRfET R4 p @ abF 239 T, (96F
NG M @ pE aF 9K bTF {9 I
(b) For any positive integer k
(RCIE e ode A2 kT A1)
prove that (&34 41 )
“f (3f) a=b (modn),
then ((9®) a” = b* (modn)”.
() If m and n are integers such that
@ m I n 7o TR A AC9)
ged(m, n)=1
then prove that ((OC® e €1 ()
a(mn) = o(m) o (n).
(d) Find the highest power of 5 that divide
518 1.

518 1% 239 T4 71l 53 WH® e [efm
34 |
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(e) Show that the set of integers
(1,2,4,7,8,11,13,14} is a reducecl
resu:iue system modulo 15.
oredt @ {1,2,4,7,8,11, 13, 14} SRE
TR A2fot! modulo ISQQ?TWW
S{effE |

Answer any four questions : 5x4=20

Rtz bIfI6 29 Tl 41 ¢

(@) Prove that there are infinitely many

primes.

ol T (@ GRS SRR o0t Se |

(b) Prove that 53103 + 10353 ig divisible by

(c) Let p be a prime and suppose that
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30.
oiel T (@ 53103 + 103533 39 ﬁ‘oﬁ‘im'

pfa. Then prove that
a?! =1 (mod p)

49l 263 p 9Bl Te GfRs eyt oie pA 2

ASTACR B K B 5 | R

aP™ =1 (mod p)

(d) Show that there are no positive integers
n satisfying o(n)=10.

@€ @ o(n)=10 7 Fa IR [ @
T T A T

(e) State and prove the Euler’s theorem.
Euler 3 ©25iwh! o1l S efsiet 54 |

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

n and relatively prime to n is %ng&(n],
ol 11 (@ R e WA n> 13 AR
N O % % n T AR G @ ORS FRA
@i 29 Sng(n).

4, Answer'any Jour of the following questions :
' 10x4=40

©oR TR eIzl SifatT ©ed I 3

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

5x + 3y = 52 AN FFCE 4GP
L Ciere |
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(b) Prove that there are infinitely .manj;_ (b) If &) fis a multiplicative function
ove tha

primes of the form 4q+ 3. [f‘ﬂm multiplicative e« 3¥)

5+5=10 and F is defined by (Y F3 K%
- G 491 = @)
ol T (T 4+ 3 S S ARIG,
Gfere TR SR Fn)= Z|l 7(@)
’ d|n
(i) (a) 1f 2™+ 1 is prime, then PTC’:Z that then show that (CST8 &34 =<1 ()
m= 2" for some integer n=Y-.
F(8.3)=F(8) . F(3).

I om+ 1 @Bt TR R T, (90 (RS RIA) 1
SN T (I I ot ol AR = 09

QAR m= 2", (iv) (a) State and prove the Chinese

(b) Prove that 41 divides 220 1. Remainder theorem.

5+5=10 Chinese Remainder S« &=
WWW@220_1,41C§{—&-@W| ¢ Al 9 |

(b) Solve the syétem of congruences.
(iii) (a) If @) Fis a multiplicative functio?

wed congruence AAICO! AN 4 |
(F 96l multiplicative T &%)

and (%) F(n)=Y f(d) x =2 (mod 3)

_ dln x =3 (mod 5)

x=2(mod 7

‘then (CSt) prove that (=i & @ ( )
fis also a multiplicative functior 5+5=10

(f Feee @bt multiplicaitve & 1)
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0 (vi)) (@) If nis a positive integer and p a
(v) Prove that the function pn) i ' prime, then prove that the

exponent of the highest power of

multiplicative. p that divides n! is

49 3 @ p(n) W01 @51 multiplicative M n 9O FIT TG T SR p @6l
G R 2, (90T o9 31 @ n ! 5

o |

239 S “[1 pI AH® 9© TF

=]

Also prove that (FoTs e ¥ ()

TN
z,u(d)={é’ %fn 15 (b) Find the number of zeros that
dfn Lt appear at the end in the decimal

4+6=10 representation of 158!
9+5=10
. 65 1S , : !
(Vi) (@) Find the remajnder when 41 158 !9 decimal rep%i;entatlona
o] i3 T <91
divided by 7. Gh w
4 | TOL
41959 7 (3 239 TR ©iCE fefa ! (viii) (@) Prove that for each positive integer
n1
’s
(b) State and prove the W! RO &I 98 T n>1 9 AR
theorem. 5+5510 oald /9 @
| n=) ¢(d)
. ; ol -
Wilson 3 Sejeiiwyest fordl o<
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(b) If n=p} p3* - pfr is the prime
factorization of n21
T ﬁ=p{“ pgﬁ.... pff, n=14d
prime factorization 2
then prove that
CorT Nid € (@
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OPTION-B
Paper : MAT-RE-5026

( Discrete Mathematics )

1. Give very short answer of the following :

1x10=10

oo 53 T3 fml ¢

(@)

Define a poset.

<ol ST e e s W@

(b) Write when two elements of a poset
are called comparable.
(foR <ol S T F<Efeq 1 (e werm
27

(c) Write when a partially ordered set
becomes a total ordered set.
@fen s TR S @bt T S
2 212

(d) Write the absorption law of lattice.
Gz R ERIERGRE R GE

(e) Write when two lattices are called
isomorphic.
Ffeal 7ol (ETvRe T2D W= (Hial 272
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() Define complement elements in Boolean

algebra.

I GEEE o e el

(g) Write De Morgan’s laws in Boolean
algebra. '

I weeRR 6 wofia fawet Bl

(h) What is two element Boolean algebra ?
M2-GTeR I ersat 59
(i) Define an ordered set.

ol e Fkafeq viget fmt |

() Give an example of a contradiction-

<ot Ry (mm ey Sfew ket |
2. Give answer of the following questions :
2)(5:10
e 2% Oed frml o

(@) Prove that every finite lattice is
bounded.

W T @ aAf o) M @z @@
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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}, |) I (== o =iz
X, TS | 9 Reege 3o |

(c) Prove that in a Boolean algebra, if
a=b then ab'+ ab=0.
el =1 (@ 9ol IERIN EieEEre I a= b
2%, (S8 ab'+ db=0 ¥H|

(d) Draw a diagram for the Boolean
expression (x+y+2z)(xy + x'z).

T T (x +y + 2)(xy + x'z) T Ba
S 4l |

(e) Draw a diagram of an OR-gate.
OR-(%6 b/ @ Sz 7541 |

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

Rizp1ea bif619 ©&x W3 ¢

(a). Define a distributive lattice. Show that
the dual of a distributive lattice is again
a distributive lattice. © 144=5

<) feed (ioes Akl Wl | (et @ [esq
@o% BI4 TLEe T [Aesd (=R 23 |
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(b)

(c)

(d)

3 Sem-5/

B is a Boolean algebra containing g
and 1. Show that S={0, 1} 18 & su
algebra of B.
OWIWBQ%‘T@H@WIM@'TCT
S=1(0, 1} ieeCs B <t gE-aCed! 2

; b-
Show that the intersection of two SU L
algebras of a Boolean algebra 18 also

sub-algebra.
(TS I B! IPrIT GCTE ol 2R
(= 27 o} RR-<Esdl 2|

d
Let A={1, 2, 3, 5, 6, 10, 15, 30} :’clrlof
consider the partial order 2 er
divisibility on A. Let B= P(S), the powhe
set of S, where S={a, b, ¢} be ;at
poset with partial order ‘c’. Sho‘.ﬁ 5
(A4, <) and (B, <) are isomorphic: go
oF | Y
A={1,2, 3, 5)6,:10, 15, 30} Lﬂﬁﬂ\ﬁ@
S RIS < 77 Rereroid < ﬁn\ﬁﬁ
& @ F B=p(5) ¥H ST O ﬂ\Lg?ﬁ
TS S={(q, b, c} 77’ T Cal
SIFR @i e orgeat @ (A %)
(B, <) w2y wafers 71

CBCS) MAT RE 119/ 18

4.
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(a) Define a partial order relation in a set.

(e) Define absorption and idempotent laws
of Lattice. Show that the idempotent
laws follow from the absorption laws.

1+1+3=5
(TR GRERH ST SRWCIGS e siceal
w3l | (et (@ R AT SRS
2 AR FE |

(f Express (x+y)(x'+z) and x in CNF of

three variables x, y, z. 2Yot2Vs=5

(x+y) (X' +2z) IF xT x, y, z 55F T&
CNF © &3 <41 |

Give answer of the following : (any four)

10x4=40

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 x°-4x<y®-4y.

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

‘ab‘z'cdl.
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(cc Express each of the following

) L 1 | O expressions in DNF in the variables
<ol Vi‘@i:S\'J i @ e e el present : ' 5+5=10
T (TR SRR T T AR T

el ()  xyz+(x+y)(x+2)

() I R Fefe R® 4 7HE ~ IO
x~y I AWE 3 —ax <y’ -4y

(@) xy +y(x +2)
weg afern) e ©e 245 eEiss DNF ©

AP 41 3
(i) RS R? © o 77T ~ TS () xyz+(x+y)(x+2)
(@, b) ~(c, d) IW =i TR - , ,
() xy +y(x+2)
\ab\ Z\Cd\.
(d) A committee consisting of three
; _ W members approves any proposal by
®) () FO‘.’ any Boolean algebra B, sho majority vote. Each member can
that - approve a proposal by pressing a button
(a+b) (b ¥ Lea attached to their seats. Design a circuit
¥ 1)( t)(e+a)=abrbotod as simple as you can which will allow
r all elements @, b, ¢ of B- - current to pass when and only when a
TR @ ﬁ o «eisEl B3 proposal is approved.
RENER (T g, b, cq AE Rl AP Bl ST SBHEH (69
(a+b)(b+c)(c+a)=ab+b0+ca' R0 41 T e
TS KIS Jor oA GrRID! SRBIRR A e
(i) Prove the De Morgan’s 12WS ir51 o5 e TR A | AR Gl AT =
Boolean algebra. o7, (ofonz Rige MiRs = AR &bl e
T e f o ot T Silckal
ERIR R
Contd.
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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, 2

Show that a complete DNF 1is
identically 1. 1+1+3=5

feal @bl Jfemm afE DNF 3 @
@?%ﬁmmx, Y, zQiﬂﬁW”?i‘(

DNF (B fordl | @it =t @ =9 DNF

B! AN 1 e |

Express (x+ y+z) (xy+x2) in
CNF.

(Xt y+2z) (xy+x2)F CNF© H
|

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

() {3,5,15,25)

() {83,15,45,90, 360}

0+2+2=0

3 =
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A

(1)

(1)
()

RereTel @3 TS I B R
RS N AR O Soeafe (5201 F=sjef
e 7o [/ &1l OiF I ameq
=l | '

(@) {2,4,24}

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

(¢ {3,15,45,90,360}

Draw the diagrams for the
following networks : 2+2=4

(@) (x+y+ z) (xy + X'z)

(b) xy+((X+Y)
@9Eq THTIEIRE 29 O Bl

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

At most one least elemenjc.

At most one greatest element.
5+5=10

el 1 1 <451 OfRE S e @
Fzfod

(1)

mﬁﬁiﬂﬁﬂﬁﬂﬁ%mﬁw|

(i) D TS <D iy (el 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

6% GBRF Sraer e oy | or4edl @

@R GO Geet sferm oy @ifog =1 |

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

4
(S @ Rormper wifigs 129
W‘@Q"Wﬁﬁﬁﬂﬁ%l,ﬂﬁ @o"
T 2R o by i o |
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