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

1.  Choose the correct options : (any ten)

'1x10=10

wE O Al et o (Rizeiear wzhy)

1)

(%)

The solution of pair of linear
congruence x =3(mod5) and

x =4(mod?3) is

x =3(mod5) ¥% x = 4(mod3) linear
congruence YBI{ A ]

(@) x=13(mod5)

(b) x=28(mod5)

(¢ x=13(modl5)

(d) x=13(mod3)
Euler phi-function of a prime number
pis
p 96l GNfere Y 2e O Euler phi-
function &
(@ p
(b) p-1
(ehivp/2-1, - .
(d) None of the above
82FF 9IS T

BO3F0 0211 0

]

(iii)

()

(v)

BO3F0 0211

Number of integers which are less than
and co-prime to 108 is

108 ©F & W% OF AT GME SIS AT
o WA=

(@ 18

(b) 17

" (o). 15,

(d) 36
The remainder when 2% is divided by
7 is

250 7 (¥ T PG ST

(@) |
(b)
(c)
(d) 8

One of the solution of the congruence
15x = 6(mod21) is

15x = 6(mod21) congruence (G &bl
TN 2 '

o AN

(@ S
(b) 6
e 7
(d) 8
3 - Contd.



(vi) If the integers a, b> 0, then set of 5_111 (viii) If I 100 1= x(mod101), then x is

?n'tegers of the form ma+nb(m,n e Z) | it

includes

W a b> 0, Yo oIe T 27| (oo (e

ma +nb (m,n € Z) ST FFCAN S f /LoD

A ARG (c) 101

(@) their gcd but not lem (d) None of the above
f5izeq ged %% lcm 58 @9RF oIS TT

(b) their lem but not ged (ix) Which theorem states that “if p is
294 lem &€ ged 2@ prime, then a?? =1 (modp)”?

(c) both lcm and ged ST B TSR TS X p B G
lem 1% ged FUAGIR l ] 1 cofeqt &, grl=1 (mod p)”?

(d) neither gcd nor lem
ged 9% lem qBe T
(vii) For any integer a satisfying

13% = x(mod 3), then x is
It e Y x I @ 132 = x(mod 3)

(a) Dirichlet’s theorem
Dirichlet ¥ o=

(b) Wilson’s theorem
Wilson 3 Tois{iw

(c) Euler’s theorem

PG PR RICES]

@ 1 Euler 3 ool

(b) 2 ; (d) Fermat’s little theorem
(c) O Fermat 3 little S5
(d) 3 |

BO3F0 0211 5 . Contd.
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1If a positive integer n divides the °

difference of two integers a and b, then

trﬁcﬂ%twwwmmnmam b T
Y R ST ol IR, cofont =@,

(@) a=bfmodn)
(b) a=bfmod n).

. (c). -a=n(modb)

- (d) None of the above

(i)

evﬁa qoe =
Let p be an odd prime. Then
~1(mod p) has a solution 1f pisof
the form

«@I%E, p <GB &g cﬁﬁasw\ﬂmﬁf—m
x2 = -1 (mod p) <0 T AR, MR
pICHR . '

(a) - 4k+1

() 4k

(c) 4k+3

(d) None of the above
89T hle T

BO3F0 0211 6

1

(xu) If A% ac = be (mod m) and W%
d =ged (m, c)

a={moa)

(b) a c(mo'd%)

(c) asm(mod'b)‘

lil

(a)

m

o o b
d a= m(modz)

(xiii) The highest power of 7 that divides 49! Is
'49!@'@16\%%73%%@
b) 8
(¢ S
(d) 10
(xiv) The unit place digit of 1273
1278 I R IR S
(@) 4 '
(b) 6
(c) 8
(d) 2

BO3F0 0211 7 . Contd.




(xv) The product of three consecutive

positive integers is divisible by

o6l @i @meT oe R HowETs

(xvii) The set of integers such that every
integer is congruent modulo m to
exactly one integer of the set is called

modulo m.
TefRcsl Kot SR 21 S20eH! {
(@ 4 : i & e T2 AEOCEe TS SAfSTo! Tde AR
(b) 6 - | FCRSIBIRE 0 ol TG FRYIF GTTS
@ 7 congruent modulo m 2 OIF modulo
e . : Reduced idue t
(xvi) If ais a whole number and p is a prime _ (a) Reduced resi system
number, then according to Fermat’s ZOTIN SRC 2elfe]
theorem . (b) Complete residue system
TZ @ 9ol ofef 27 BI% p 51 T A2l - ' sy SR el
FHMOToRI 1B T S ' ) (c) Elementary residue system
(a) af —a is divisible by P entqjﬁai A ?.i"ﬁﬁ[
af —a, pIREE ® ; (d) None of the above
(b) aP -1 is divisible by p | @9 @IS T
alP =l Jole) = ' (xvii)) If M 36 1= x( mod 37), then x is
) qP-t-11is divisible by p _ cofedl, x I AW =]
(a) 36
af-1-1,pP% Forey = b) 1
(d) 4P-1_g is divisible by p (c) 10
d) None of the above
gP1_q, p I RIEH () .
| oY oIS T
BO3F0 0211 8 BO3F0 0211 9 Contd.




2. Answer any five questions: 2x5=10
- el <Hiobt e et 1 3
(@) Show that if (ryeat m e

185a = 1295(mod 259 then (oI,
a =7(mod37) '

~ (b) If x be any real number. Then show
that I x 961 HIE I$T 7Y =,

c@i%tnim et @, |
: 0 if x is an integer
[x]+[-x1={ e

S |

(c) Find the solution of following linear
Diophantine- equation 4x - 7y = -20.

4x - 7y = —20 R Diophantine
FARREICEIR T [T =0

[d) If M a z—b(modn) and % m|n, then
‘show that a = b{modm).

- cefem (ST @, a = b(modm) |

fe) If gcd(a, b) =1, then find
ged (a+ b; @ - ab+ P).

BO3F0 0211 .10

!‘
g {
h E
‘-'N”

(9)

T ged (a, b) =1, c—f%m , -
ged (a+ b, a® — ab + be)asnﬂ;fémn
If: m and n are integers such that
ged (m,n) =1, then z(mn)= z(m) =(n).
it m O n T e Y W ACS,

ged (m,n) = 1-CofSaL e 3= a,

tfmn) = t(m) () |

Find all the prime numbers p such that
p?+2 is also a prime number.

DR IR R p B TS p? 42

(h)

)

BO3F0 0211 11

€ ot Ghifee F A

'Find the number of zeroes at the end
of the product of first seventy natural

numbers.

2w 706! FEIRT MR TR 181 B
<] P AR R el w1

Find 7(756).

7(756) I N Tfe |

Evaluate the exponent of 5 in 500!
500! 5 ¥ exponent fAfa =0

Contd.



3. Answer any four questions : 5x4=20

Rzt 51351 2w Tes <1 ¢ :

(@) If ¢ is Euler’s phi-function, then find
 ¢(p(7058)). :

- M @ tﬂﬁ Euler ¥ phl-m 2, (S
" p(p(7056) 7 T el =)

(b) Show that if p is an odd prime, then
2(p-3)!=-1(modp). :
aﬁpaﬁweﬂmam,mmﬂwm
. 2(p-3)1=-1(modp) |

(cj : .Fmd- all integers that leave a remainder

of 4 when divided by 11 and leaves a
remainder of 3 when divided by 17.

GG TBIAR e AH e 31, R
11§ RV IRE 4 ST e 17 @ =
IR 3 ST AT |

(d)’ Solve 3[x]=x+2{x} where [x] denotes

greatest integer less or equal to x and

{x} denotes the fractional part of x.
e 90 ¢ 3] x] - x+2{x),

| T [ x] @ x TN T x P I TS
Te AR IO O {x} @ x I TAE
o &

BO3F0 0211 12

. (e) Find last two‘digits of 5430,
543807 (T 75 ok [T i1

0 If aa, .. a,is a complete residue
system modulo m, and if k is a positive
. iiiteger with (k, m)=1, then ka, + b,

. ka,+b,..., ka_+b,is a complete residue’ )

system modulo m for any integer b.

‘iﬁ a,a, .. a < Fl""ff residue system
modulo m q i kcﬂﬁWW
Y TS (k, m) =1, (A ka, + b,

ka, + b,..., ka_+ b <5 R ere
R b I W‘f residue. system modulo
m &I ' |

'(g) If nis a prime integer with n, > 2, then

.show that (n-1)!=-1(modn).

3 n <1 CTETE O FRA TS 1 > 2, (oo
el @, (n-1)!=-1(modn)-

BO3F0 0211 - 13 Contd.



. (W If k denotes theé number | '
of distinct '
- prime factors of positive integer n. Prove 4.\ | AAnswer any four of the followmg quleg:.l:njo
that anlﬂ(d)“?k.- | | | | e epTRe Rt BRI et 4 ¢
Mz e - . | (i) (a) Define the arithmetic function 7.
- Seot <l AP T WY o I By GO . If n is a square-free integer having
: Q‘PH'WE Rk, @F?ﬁ aqMS I T, ) r prime factors, prove that r(n)A 27.
| Zd,nlﬂ(d)l—Zk | | . Arithmetic- ¥R 73 @ f W n
) sh . ' | | @Bl B G Testins RS 39 e
) ow that, the set of integers L R, (908 9N W @, rn)=2"

{5,13, 27, 31, 34}is a Complete Residue ERIOREEEP S
s . (b) }If p is a prime, prove that

System (RRS) modulo 5 \ (p )
T k k-1
& @ p*-p*'. Also establish
) - :
CW?_\SQT @, {5,18, 27, 31, 34} W MYK !J}” ‘ : that g(n) is an eéven number for
HR2fSTH! ‘{I‘f»‘f 39}9 Residue System (RRS) = n>2. 5+5—10
modulo 5. | | | : W p GHfer, a0 @@,
: . kY= pk — pkl SIGH :
G) If p,is the n® prime, then show that _ ¢(p )_ p*-p nz 2.3
L1 . IR T R @, ) @O IH
— +—+...+— is not an integer. . HA | .
b D - Pn & : N ‘
' (i) If x be any real number. Then show
zrﬁ n o GfERs TR p, W, (90T (& that B 1+3+3+3=10
- L ﬂﬁxaﬁﬁmmvmﬂmiﬂ,@%m@
@ —+—+.. +—Wﬂ\ﬂﬂml . R @, : ~

b P Pr
(@ [x]gx<[x]+1

4 :
BO3F0 0211 1 , BO3FO0 0211 15 Contd.




 (b)

©

(d)

(i) (@)

o

BO3F0 0211

[x+m]§ [x]+ m, m is any intege.r.v
m RS w2e wee

]+ lylsbx+y]

m m

integér
I m G e e

Prove that every positive integers

n (>1) can be expressed ‘uniquely

as a product of primes.

oI 9 (4, 2RO A o e
n (>1) T 4 ©IR. (o )Y
R <3 Tplest epr FR] AR

Determine all the solution of

\

f(x) =x?-Tx+2 (mod53)

flx)=x?-7x+2 (rﬁodSe’) 9

WGIRE@N AWy N ¥ 5+5=10

16

] _[x] . .
T s if mois a positive

Ll

(iv) If a, b, ¢, d, n are integers and n > 0,
then establish the following

MW a, b, ¢, d n IS ALY TS n > 0,
. cofonl awid Ft @,

@

(b)

(d)

v (a)

BO3F0 0211

if I a = bfmodn)then cofean

~ac=bc(modn)

if I a =b(modn)then cofea

ac = be(modnc) for ¢>0

if ¥ a = bfmodn)and %
c= d(modn) then cefew,

atc=btd(modn)

if I q= bfmodn)and W=
c=d(modn) then efe,

ac = be(modn)

Show that if a,a,,.., Aym) is a

RRS modulo m, where m is a
positive integer with m + 9, then

A+ + ...+ Ay = 0 (Mod m),

17 Contd.,



e @, TRy, dy, -.ry Ay O

RRS modulo m ™ IS m ¢l NINE
WS FRY ACS m»2, (ST,

GGy et Oy sd(modm)l

(b)

If a b and ‘m are three integers
such that gcd(a,m)=1 and

. ab=0(modm), then show that

b=0(modm). 5+5=10
W a, b I m TSFGI =e WY TS
gcd(a,m)=1 W% ab=0 (modm),

cofeT, oryedl @ b=0{modm).

(vi) State and prove Chinese remainder
theorem. Also solve the system of
congruence.

Chinese remainder GoAAMe! TR ase 1

T

BO3F0 0211

ﬁﬂt@' W&{ congruence ANTICOR T ﬁ‘ﬁ

x =1(mod2)
x =2 (mod3)
x =3 (mod5)

18

(vii) (@)

MM a,, Gyyeees
system modulo m T, cofeq &=

(b)

(i) (@)
)

) (a)

. BO3F(Q 0211

If a, a,.., a is a reduced residue

system modulo m, then k = g(m).

a, <! reduced residue

RS @, k = p(m).

Find the remainder when 11% is
divided by 13. - 5+5=10

1133 13 {9 IR ooy e -
= R

Prove that z(n) is an odd integer
iff nis a perfect square. -

o W (T, 7{n) @B WL S AR

MW o MW n @Bt T 2o =

' 7(n)

Prove that aud =n 2, for any
positive integer n. 5+5=10

"~ r(n)

Ay N @, My d=n? , R

AN ¢ WA n I AR

Prove that the quadratic

congruence x? + 1= 0 (mod p),
where p is an odd prime, has a

solution iff p=1(mod4).

19 : . Contd.



e

AN A @, %2 + 1 =0 (mod p) IO P
- @B} SR (e, fAae congruence I
B R AR T i G T

PE'l-(mod4). ’

(x). (@ 1f a,b=0 iand ¢ be any three
| : integers and d=gcd (a,b). Then
| . "~ show that ax+by=c has a
- solution iff d|c. |

Furthermore, show that if x, and

Y, is a particular solution of
ax+ by = ¢, then any other solution

) b .
of the equation is X'= X, —Et and -

a . .
Y=Y+t tis an integer.

BO3F0 0211 20

(b) 3 n>1 and W= ged (g, n) = 1,
‘ then prové that cofSaiga owd ?1?31'1‘
@, a*™ = 1(modn). - 5+5=10

(b)

BO3F0 0211

M a,b =0 A% c R F$HE =g
7 W% d=gcd (a,b) W, (ST MYSA
@, ax + by = ¢ ATFIIOR AL ARK
R i GG TAWCE d| ¢, ST RS
@, TWE x, §* y, ax+ by = c IR
T (OISR AT ITINCGR S FAIT

, b, - i a, _,
x=x0‘—a-t maa y=yofa—t J9 t
<5t =Re R |

Find the genéral solution -of
10x-8y=42. - ~ 7+3=10

10x -8y = 42 T GRS TR Fefq

Sl
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1.- Give

(any tenj

- OFq

@ I

(b)

OPTION-B
Paper : MAT-RE-5026
~ ( Discrete Mathematics )

very short answer of the following :

SRS W‘N‘Wﬁﬁm 2 (Rewizr w2bt)
Is ( “,/) a lattlce?
(z*,/) Gt mﬁsi‘ﬂm‘?

Write the commutative law of a lattice.

- B @iBoa T R Rt fr |

()

Define conjunctive normal form.

fmzﬁ"?mﬁf%ﬁ%m

(@

State the absorption law of Boolean

algebra.

B e T

(e) Give an example of tautology;
- @bt g Wct faa |

(f) Define a complemented lattice.

@mmﬁﬁquml

" BO3F00211

22

1x10=10

)]

(h)

Q-

0

- (k)

@

- m

Write the De Morgan’s law.

% s et v

Define a 'sub'-lattice..

4Bt Tet-celonR Tt e

Write the simplified Boolean expression

of (x+y)(x+z)(y+z) N

(x+y)(x+z) (y+2): "ﬁﬁiﬁ ﬁ"] aifd

ﬁmﬂ IGRIt

Write the binary operatlons defined for
a lattice.

mmﬁwmmml

Product of two lattices is a lattice.
(State true or false)

@tmﬁ%&a@wm (o5 =

(Of&h! 7oy A =)
Deﬁne a totally ordered set.

@5t T T e Ticwt fa

Write the boundedness law of Boolean .
algebra.

i Treites iR @it B

BO3F0 0211 23 _ : Contd.



(n) Give an'example of an ordered set.

<ot T Sikefed Tt i

(0) Under what condition a poset is said
to be a lattice ?

R 56 b1 PRe T A @y [
- () Define a bounded lattice.

o1 T oo et x|

(q) When two ordered sets are said to be
isomorphic ?

- WO T S fent iR TS =2

(r) Write the ¢onditions to be fulfilled- by
an ordered set.

xﬂﬁ@ﬁ?ﬁ 2T TR |

2.  Give answer of the following : (any five)
. ' 2x5=10
R IS YR Rt 8. (et lisbt)
(a) Verify that : Teye! e |
(prg)vipr-a)=p

- (b) Express E(x,y,2) =x(y'2z) as complete
sum of products form.

Tyl @R I ot Tyl |

BO3F0 0211 24

()

@ .

(e)

Prove that in a Boolean algebraAB,
ol T (@ G5t T Jenifde B-9
(@)=a, VaeB., | |
Give an example of & distributive lattice.

dmﬁfwcmﬁé%mﬁmﬁmli

Write the propertles of a modular
* lattice. '
'Wﬁ?@ﬁﬁ?ﬁ@@ﬁ%Ml
() Simplify: xXY'+xy + x'y
R 8 XYy + XY
" (g) . Give an example of a bounded lattice.
1 sifRem GaeR T |
(h) Express the following as sum of
product form: A+BC.
A+BC 3 oia (@ioree f2picet arept F11.
() Prove that the set of natural number
form a poset under the relation ‘<’
ol 1 (7 ISR AR FREOUB <" TR
il @Bt SR TR AR | :
BO3F0 0211 ‘ 25 Contd.



(d) Find the greatest lower bound and‘
least upper bound of the sets {3,9,12}

and {1,2,4, 5, 10} if ex1$t in the posetv

() Define least and greatest element of
. an ordered set. |

fmﬁ“\ﬁmmﬁé—wcﬁm ~
|- | | 3 Y 1ﬂ
. 3. ‘Answer the followi ' _ ( + 11) WT\f‘\‘ﬁs C‘Fﬁas 7{\2‘%3 Wrm
e mm«mﬁ,:g (any four) 5x4=20 | - 3,9, 12} & {1, 2, 4,5, 10} 72T RIS
(ﬁmwwﬁ?r) ﬁﬂﬁﬁaﬁmaﬁﬁwmﬁcﬁz«n

. (e) Prove that in a distributive lattice, if

(a) Slmphfy the fi
°11°Wlng Boolean
‘an element has a complement, then it

eXpressmn . - o
W@QWWWO ‘ : o I is unique. .
| -2fy+ el < GO B R (eIiEee @Bt (TR
: Y z)(x+y+z) | o U COUS R G W
(b) PI'OVC that in a B ’ . 1 . $
‘ oolean algebra, the () fLisa lattice and a,b, ce L then .

o 1 T %mﬁw
0 W 1

Gl 751 @ ﬂﬁLaﬁﬁﬁsﬂma,b,ceL , 4T T @
¢) Sh i : pvc)zlaab)vianc). -
() }ow with "f‘r_l,example that union of ‘ ‘ an ve) ( v )-

two sub-lattice may not be a lattice. (9) Express the Boolean function

51 THRR RIS (7Y @ K51 Boi-aifiipa flx,y2)=x+Yyz s sum of minterms.

vos BEd I TN oo RO

A O ToA-(5 TS AT |
| o Rpleel 2R A, fxy,2)= X+ Y2

BO3F0 0211 26 , .
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(h)

What is logic gate? Mention some

.- important .logic gate and explain any

one with mm table.

AR (o5 1 w%mﬁrma’f@w (5153

mﬁmmwaﬁrwmaﬁﬂn
=0

Answer the following : (anj | Sour)

10x4=40

oo SIS ©eR fmt ¢ (R iIsY)

- (a)

Determine all the possible sub-lattices
of Dy,, where o

| Dy ={,2,3,5,6,10,15, 30}.
Dyo I TGN TG -6 Sferear
"Dy =1,2,3,5,6,10, 15, 30}.

(b) Prove that a non-empty finite poset has
el 1 (T B! /& T SR Ffs Ao
(i) at most one greatest elemént
s &b 9ol Y e AT
(i) at most one least element.
oo @ B ARD (e AT
BO3F0 0211 28

(c)

@

Show that -in- a complemented
distributive - lattice the followmg are .

equivalent :

el (T Ot ST ﬁvm car%w IR ST
faat TR TR : |

i a<bh

) anb'=0

(iiif a'vb= 1

(iv) b<a

Represent the following in dlS_]unCthC '

normal form (dnf)

oo TR wiEhe T fiﬂm o -
Rl |
6 (a+ b)‘(a’+ b) -
(i) (bc+ac) (ab'+c)
(i) (a'b)(a+Db)=Db
Prove the following: identitie
Boolean algebra: :

o gz 1A oo RS o
7408

() (a+b)la+ c)=ac+ab

(1) ab+abc+a’b+abc=b+ac

(i) (a+b)(a+b)=b

s using

Contd.
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0

)]

(h)

What is a Karnaugh map ? Use

~ Karnaugh map to simplify the
‘following : :

; Wﬂﬂ%?iﬂﬁﬂﬂwwﬁaﬁ*{qw

- 2
(i) ABC +ABC

(i) A'B'C'+ AB'C" _
Let A={1,2,3, 4} and consider the
relation given by

M A={l,2, 3, 4} W% T T tw

R ={11) @1) 22), 31) (3,3), (3,4), (4,4)}

Show that R is partial ordering and
draw its Hasse diagram.

o 4 (T T ST 9 W Cqsqfstq H

G 9|

Prove that in any lattice (L, A,v) the
following are equi'valent'
emwﬁmm @6 (L, A, v) IR o
frarTsE gy

) a/\(bvc)=(a/\b)v(a/\c)

(i) av(pac)=(avb)alave)
a,b,cel.

BO3F0 0211 . 30

6)

0

. Boaro 0211 31

Sunphfy the followmg Boolean
expressmns

Wﬁﬂmww

] Z(y+Z)(x+y+Z)

@) xy+xz+yz

i) x+ ylx+y)+x (x’+y)

For a Boolean algebra B prove the
followmg ;!

WWB?W‘TWWM

i

) (a+b) =a'b
(i) (a.b)' =a'+ b,',

m————

10



