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Answer the _Quelstions from any one Option.

OPTION-A
Paper : MAT-RE-5016
( Number Theory)
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Paper : MAT-RE-5026
( Discrete Mathematics )
. Full Marks : 80

Time : Three hours

The figures in the margin indicate
Jull marks for the questions.

- Answer either in English or in Assamese.
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(i) Which one of the following is true for
OPTION-A ' the congruence 6x =2 (mod 4) ?
Paper : MAT-RE-5016

( Number Theory ) 6x=2(mod4) congruence 3" (Faqw

; | O (P! ey 2
1. Choose the correct options : 1x10=10 i (@) There is no solution.
o Bes A Shvedt 3 | R I G 7T |
() Which of the following equations cannot | - (b) There are two distinct solutions.
have integer solutions ? _ b 29 75! Feg (distinct) T S|
S CPICE! I e A R 2 (c) ’i‘here are three distinct solutions.
@ 6x+5ly=22 ‘ % o 7o (distinet) A S|
(b) 33x+14y=115 | _ (d) There is only one distinct solution.
(c) 14x+35y=93 | 19 319 91 F97 (distinct) SiH Sz |
(d) _563‘ +72y =40 . I (iv) The highest power of 7 that divides
(i) Which of the following is a Fermat Qe
' number ? 15019 23 I3 511 73 koG W 27 3
O (PIACH @] Fermat 2 (@) 24 |
(@ 25 (b)) 18
(b) 128 (c) 30
() 197 ' (d) 12
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(v) Which theorem states that “If p is a | (vii) Mébius p-function of 30 is :
~prime, then (p-1)!=-1 (mod p)”?

309 Mobius p-¥eH TF ¢
O (PICST CoteAi SCe “3f p B GNfeTE S

TP, (90T (p—-1)!=-1 (mod p)”? | (@ 1
(a) Dirichlet’s theorem (b) -1
Dirichlet 3 @mnw; i
(b) Wilson’s theorem o
: d 0O
Wilson 3 ©9isjiny
(¢) Euler’s theorem (viii) Which of the following sets is a complete
Euler § ©i#{j residue system modulo m?
(d) Fermat’s little theorem o (FIFCH! 752l modulo m ¥ =54 SR
Fermat ¥ little ©oioiy l ‘ G
(vi) Euler phi-function of 1000 is : ‘ @l 2. ,m~1
10009 Euler phl—w E’?i ] (b) O, 1’ e, m
(@) 100
e 2,3, mt 1l
(b) 250 ‘
(c) 400 (d) None of the above
@ 200 GHT OIS TR .
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(ix) Which one of the following statements S e T SR il b e Gl T Y Bl
is true? ‘ . n o
e (IR0 Bfe ey ? |

(@) 1If a prime p divides ab, then prove that
p divides either a or b. \
I GBI GTIfeT® MYl p @ abF ]9 T, (903
NG P T p R a JKE bF 9 I

(@) If @) a= b(modm),
then (C309) (a, m)= (b, m)-

() a= b(modm) iff (3t =i ) . (b) For any positive integer k
(a, m)=(b, m). | (R 4 = 74! kT 1)
prove that (&4 T ()
“If () a=b (modn),
then ((9T8) a* = p* (modn)”.‘

(c) Both (a) and (b) are true
(a) T (b) TG 7
(d) None of the above

@9[Fq GBS oy AT (c) If m and n are integers such that
l \ @ m ©F n o e A TAO)
ged(m,n)=1

(x) The value of 1(180) is :

(180)F W 7 ' then prove that ((S(% &4 S ()
7(180)9 93 |

o(mn)=a(m)o(n).

(@) 12 !

(d) Find the highest power of 5 that divide
(b) 16 ' 5181, 7
(c) 24 518! F 239 ST 741 57 T Wre Fefy
(d) 18 el
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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.

e (@ {1,2,4,7,8,11,13, 14} oY
TR A2l modulo 15 F GBI 2T SR
AT |

3. Answer any four questions : 5x4=20

Rizpizant 5151 2i%iq s a1 3

(@) Prove that there are infinitely many
primes. :

ol T (T G AR FAE B Py |

(b) Prove that 53103 + 103%3 is divisible by
' 39.

AN 91 (¥ 53103 + 103°3F 39 (F 299 W |

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

a?! =1 (mod p)

91 26 p b SR EIfeRs WY SiF pf a.
- (o0 oA ¥ (I

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

(e)

n satisfying o(n)=10.

(e @ o(n)=10 F Fim IR 78 Gl

N SRS TR B

State and prove the Euler’s theorem.

Euler I SoA=iwco! ol Wi owid 5 |

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

n and relatively prime to n is —é—ngﬁ(n)_

2 T @ i wde WP n> 13 IR

n OlF AF 9% n I E NS (a1 SRS TR
@oiws 27 sng(n).

Answer any four of the following questions :

10x4=40

©oR ePTRR [RCPIcAl BIfEbIY e 9 ¢

()
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(a) Determine all the positive integer
solutions of 5x+3y=252.

5x +3y =52 AP T 4T
YW S |
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(b)

@ (o)

(b)

- (i) (a)

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

5+5=10

A B (T 4g + 3 SFT AN T
ChfER R =R|

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

M 2m+ 1 GO G MU 27, (oS

2516 91 (T (I 6! SIS FAGi n > 0F

@ m=2n

Prove that 41 divides 220— 1.
5+5=10

ol 99 (@ 220- 1, 41 (3 [eey|

If (3M) Fis a multiplicative function
(F @0 multiplicative T 23)

and (9IF) F(n)= ; f(d)

‘then (%) prove that (2%l T4 ()

fis also a multiplicative function.
(f [NtEe @Bl multiplicaitve e I)
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il

(b)

(iv) (a)

(b)
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If (3f) fis a multiplicative function
(f 9Bl multiplicative TF&= 23)
and F is defined by (Wi$ F3 e
O 4999 =¥ @)
F(n)= ; f@)
din
then show that (CoCS &34 << ()
F(8.3)=F(8) . F(3).
 5+5=10

‘State and prove the Chinese
Remainder theorem.

Chinese Remainder GoA“WTH! ﬁ‘aﬂ
i e 4 |

Solve the system of congruences.

O congruence NRIH! TG 1 |

x =2 (mod 3)
x =3 (mod 5)
x =2 (mod 7)
5+5=10
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(v) Prove that the function x(n) is

(vi)

multiplicative.

A F @ p(n) THNC! @61 multiplicative

o7 |

Also prove that (199 299 T (F)

> u(d)=

d[n

(@)

(b)

5 amfeni=i]
O_, it'n =11

4+6=10

Find the remainder when 4165 is

divided by 7.
41653 7 (3 29 R0 COIeAa fRef |

State and prove the Wilson’s

theorem.
5+5=10

Wilson 3 SHA=WICH! forat o aisiel <5l |
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(vii) (a)

)

(viii) (@)
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If nis a posiﬁve integer and p a
prime, then prove that the
exponent of the highest power of
p that divides n! is

M n GO EHISE TG A AF p G5
G A7 2T, (oS &AM T @A n !
294 TR o[ pT FACH® WO TF

S [LJ
k=1 Pk
Find the number of zeros that

appear at the end in the decimal
representation of 158!

5+5=10

15819 decimal representation<

e Remieot ®jey Afw e

Prove that for each positive integer

n>1
R EES e WA n>13 AR
2499 9 &

n="> ¢(d)

d|n
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(b) 1f n=pl pi*...p¥ is the prime
factorization of n21
o n=pl pf2.. . pfr, n213
‘ prirhé factorizatlon Yy
~ then prove that
(o0 o ¥ @
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'~ OPTION-B
Paper : MAT-RE-5026
( Discrete Mathematics )

G1ve very short answer of the following :

1x10=10

Gﬂ%;‘s{@@i ﬁ?’n 3

(a)

(b)

(d)

(e)

"Define a poset.

,aﬁm\%@ﬁaw’qﬁﬁwﬁml

Write when two elements of a poset
are called comparable. '

R < e e ik 951 G

Write when a partially ordered set
becomes a total ordered set.

o o T A @t T T
#fe w2

Write the absorption law of lattice.
v Geedoa Rt Bt

Write when two lattices are called
isomorphic. |

foul 5 (v SR SRR PR 2

3 (Sem-5/CBCS) MATRE1/2/G 15 " Contd.



(g)
(h)
(i)

G

Define complement elements in Boolean
algebra. !

RN R s e Gier et fm |

Write De Morgan’s laws in Boolean
algebra.

IEmN <ETeRR & Sef st B

What is two element Boolean algebra ?
WB-(eTE I erremt Bee

Define an ordered set.

o1 e kafeq Fee fmi |

Give an example of a contradiction.

<ol REi (i fiw) Sfex ke fal |

Give answer of the following questions :

2x5=10

O 2% Bed fral g

(@)

Prove that every finite lattice is
bounded. '

R 9 (@ AfSh! Mo @iy sifFag |
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(b)

(c)

(@)

(e)

Draw the Hasse diagram for the lattice
({1, 3, 6, 12, 24}, |), where | stands
for divisibility.

({1, 3, 6, 12, 24}, |) o= (22 oa &<
=, TS | 9 Rerere 3@y |

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

el T (@ 9ol I eTeEte I a=b
2, (9% ab'+ ab=0 27|

Draw a diagram for the Boolean

“expression (x+y+z)(xy +x'z).

iﬁ‘lﬂﬂaﬁ'(x+y+z)(xy+x'z)$m
oS 4 | '

Draw a diagram of an OR-gate.

OR-(516 W6 o Wi 51 |

Give answer of the following : (any four)

ox4=20

Rzl bifasIT Bea a8

(a) Define a distributive lattice. Show that

3 (Sem-5/CBCS) MATRE1/2/G 17

the dual of a distributive lattice is again
.a distributive lattice. 1+4=5

a5t Resdl (ive Fkesl Wl | (rgea @ Rowel
@z CHR e Wi o @he 2|
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(b)

(c)

(@)

B is a Boolean algebra containing 0
and 1. Show that S={0, 1} is a sub
algebra of B.

0 91 1 IS B 9ol JeRA Go1esd! | MRSl @
S=1{0, 1} 72w BI G5 BY-Ge&l 27 |

Show that the intersection of two sub-
algebras of a Boolean algebra is also a
sub-algebra.

(TSAl (T 0! IR ST K61 B- G ST
(e 519 bl BTl &9 |

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 erder ‘c’. Show that
(A, £) and (B, <) are isomorphic.
A={1,2,3,5,6, 10, 15, 30} ¢l 75
Tk 3 RO <’ 2 Reeqor a3 S
@ 1 TA B=P(S) TA ST 9 Fzfe
% S={a, b, c} T4 ‘C’ GRHF TR ¢F
S Pl MO | (9ed @ (4, <) O
(B, <) W5 [ |
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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

(S0 GG SN SNBACIS N sieea|
3l (€A (@ RIS W BT I5S
[a e = |

Express (x+y)(x'+z) and x in CNF of
three variables x, y, z. 22+2%=5
(x+y) (x'+2) IF xF x, y, z 55 I&
CNF © a5 41 |

Give answer of the following : (any four)

10x4=40

Rtz sifar Boq Fal 3

(@)
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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

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

if %° —dwe <y’ —4y”

(i) A relation ~ on the set R? such as

(@) 5] S and only .6
lab|2|cd|.

Contd.



<1 RS IR T ST el il | e
TR (PR ST T AT TR A
R 2= =10 3

U WWW%R@@W ~ TS

x~ y WMAS IR £ - 4x < y® -4y,

(i) IS R2 E‘ WW ~Te
(@ B)~(c, d) I =i iz
|ab|2|cd|.

(b) (i) For ariy Bool.e‘an algébra B, show
that ‘ ‘

| (a+b)(b+c)(c+.a).=ab+bc+'ca

" for all elements a, b, cof B. 5

| (SR (T GBI IR TSR B

R (e a, b, ¢I AR
(@+b)(b+c)(c+a)=ab+bec+ca.

(i) Prove the De Morgan’s laws in

- Boolean algebra. ' 5
qﬁmuﬂamm%wﬁaﬁwmmm
1 491 | '
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(c) Express each of the followmg
express1ons in DNF in the variables
present BT 5+5=10 -

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

) o +y(d+z)
w20 ART OIS A BARERT DNF ©
WW°

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

(d)j 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.

GRACE 4 A W | AT TR (OSTERT -
e IS 3o B ritt ewRT A e
o S IR AW | AT B 2B 4
=, (ofoniz Rpe exile = s @B v
Tén! W 4 |
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e

(@)

1/

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
(a1 <51 3T A DNF 37 o
2h? fof bl 5% x, y, z U] Aoyl
DNF (51 &1 | @it 51 @ 52}f DNF
B! S 13 FTwey |

Express (x+y+ z) (xy+ Xz) in
CNF. 5

(x+y+z) (xy+x2)'F CNF© oap
41 |

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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Teierol @ TITIS AN SAQ F2YF
732l N9 IR O GARRZNS (B2B] 75l
e WS @ el o e e
>4 |

(@ {2,4,24)

(b) L {3)5, 15,257

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

{ii’} Draw the diagrams for . the
following networks : . 2+2=4

@ (x+y+2) (xy+x’z)
(b) xy+(z'(x +y))
\@7[7F TOAIART 2R I 9|

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

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

e 1 (@ ol TR e wikis i
%Qfeq _

() D TR <GB T G A

(ii) FE® TUE Go A G AF |

ntd.
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(h) (i) Define dual of a lattice. Show that
dual of a lattice is again a lattice.
| o 1+5=6 -
@b <O BReR A | et (@
R GBR TR i Bt @Tdg =

(i) Show that the set L of all factors
of 12 under divisibility forms a

- lattice. Draw its Hasse diagram.

' ' 4

(TSI mﬁwmw%w 123
TREIRR Tertims g2f® L @bt ity
[ TR R B @Bt wigw 3] |
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