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3 (Sem-5/CBCS) MAT RE 1/RE 2
2021
(Held in 2022)

MATHEMATICS
(Regular Elective)

OPTION-A
Paper : MAT-RE-5016
( Number Theory)
Full Marks : 80
Time : Three hours

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

Answer either in English or in Assamese.

PART-A
1. Choose the correct
following :

SR 2HTIROIR wE Tes iz Siene ¢

() If a and b are any two integers, then
there exists x and y 'such that,

AW a W< b GOl R@EN Ty g4y =3,
(oo O x e yZ(BTW{?UT AN, Qe

(a) gced(a, b)=ax+by

option from the
1x10=10

Contd.




) ged(ab)=ax=by

(c) ged(a, b)=ax" +by"

@ ged(a, p)=(ax+by)
itive inte
.. Let m be a Posi ger.,
(i1) integers a and b are congruent modulg

m iff
W 7'2’&‘ m gﬂﬁ ﬂiqlTR]as ﬂgQUT' a m b W%

sl 4Bt congruent modulo m ] I gy,
GsTE MR '
(@ mlla-b)
() m|(@a+b)

) mllaxp)
(d) Both (b) and ()
[ (b) 9= (c) T |

| (iii) 1If @) a =b (mod m) and (S1<)
c=d (mod m) , then (CoToRZCA)
(@ a+c=b+d(modm)
(b) a-c=b-d(modm)

(c) a-c=b-d(modm)
(d) All of the above
(82T HBIZEIRN)
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(iv) The RRS modulo 6 contains the set of
Integers

RRS modulo 6 © wem s2e sz 7zfo06!
ES

(@ {o,s)
(b)  {1,s}
© {12, 3}
(@) {1,3,6)

The solution of the linear ‘congruence
2xs’1(mod3) 15 ARREESY

(v)

2x =1 (mod 3) &= congruence (BIF
REINICEES i AT
(@ x=2(mod3)

(b)) x=1(mod3)
() x=0(mod3)
(d) None of the above
© (e «bie wZw)
Euler ¢ function of a prime number D

ie., ¢(p)=>

Bl (ﬁﬁ%@vmmp? W\i‘aﬁqs_w'wﬁg
#(p)=>

(@ p

(b) p-1

4n

(vi)
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(€ 51

(d) None of the above
(89IFF IS 7ZY)

(vi) Which theorem states that q¢ pis,
prime, then (p-1)! =-1 (mod p) .
(a) Dirichlet’s theorem
(b) Wilson’s theorem
(c) Euler’s theorem |
(d) Fermat’s Little theorem
MM p GO G WA W, efy
(=)t =1 (mod p) — a1 < v
Ty =] 2
(a) Dirichlet 3 To=ivg
(b) Wilson I Goioiwy
(c) Euler ¥ _ﬁ??{?{fﬁ]
(d) Fermat ¥ Little Goow

(viii) “Let p be a prime and p does not
divide a, then a” -1(mod p)” is
statement of

(a) Dirichlet’s theorem
(b) Euclid’s theorem

(c) Fermat’s Little theorem
(d) Wilson’s theorem
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‘@AY p OB Cﬁ\fﬁ%ﬁ‘(‘«’mmp, a3 Reigg

2, CE%TITSCF‘ ap-lsl(modp)” ﬂﬁ]‘
O (PO ToAoAiviR 9

(@) Dirichlet g E"I"fﬁ]
(b) Euclid I Toieiw

(¢) Fermat T Little ooty -

(d) Wilson I Totofiwy -
(ix) The unit place digit of 346 is

3% I T PR oI =

(@) 3

(b) 7

(c) 1

d) 9

(x) The highest power of 7 that divides
S0! is

501 @zﬁfT§17?a$mmﬁsﬂr7£t§§
(a) 7

(b) 8
(c) 10
- (d) 5 ,
Answer the following questions :

. 2x5=10
O] XS R el Tl ¢

(a) Apply Chinese remamder theorem to
solve

2,

SIS S Toloiwg ezl IR T
~ x =3 (mod 5)
x =5 (mod 7)
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(b) Find ¢(100).
¢ (100) T W Tferear

() Prove that r(m) is multiplicative, i.e.,
r(m'n)=r(m)z(n).
ol 9 F, 7(m) IR @y el
r(m-n)=r(m)z(n)! |

' (d) Find ¢(12).
o(12) I I e =11
(e). Let x and y be any real numbers,
- prove that [x]+[y] < [x+y]
(Where [x] denotes greatest - integer

<x)

43 T x T yzﬁﬁmmwmﬂmmq
A [x]+[y] < [x+y]
(TS [x] 9B FAAH TS WY < x)

3.  Answer any four questions : 5x4=20 -

oo} fIcFiTe bifdb) 2%t Te’ 9 8

(@) Find the remainder when 30%0 is

divided by 17.
3040 T 17 @ ]9 IR oy ey ¥4

3 (Sem-5/CBCS) MAT RE1/RE2/G 6




V

(b) If d=gcd(a,n) prove that the linear
| congruence ax=b(modn) has a
solution if and only if d|b.
MW d=ged(a,n), @4 ITA &
ax=b(mod n) @RS congruence I b
TG AR 7 == e 3 d | b

(c) 1f p i1s prime and k>0, then prove
that |

I p GG cﬁ’r%awi\ﬂnmm k>0 =,
Cot® oANiY 91 @

4lpt)=p* - p"'1 - p* (1 —»'1')

p
Venfy this result for #(16).

¢(16)<mzw%ﬁwmw\ |

(d) For n= p p is a prime, prove that

n= Z¢(n) 'where Z denotes the
din e

sum over all positive d1V1sors of n.

n=p ,il'\opxﬂﬁmﬂ\?m I e
o @, n= Z¢(n)zr\->z @ n I F@NS
din

ez mﬂtﬁaﬁm IE
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(e) Prove t hat o lnt(}ger of the form
4n+ 3 is the sum of two Squareg.

ore 91 (F, 4n + 3 HIFF 10 Ioiq ey
A TS TR AR @R

() Show that an integer p>1 is a prim,
if p divides a.b implies either p

divides a or p divides b.

myedl (3, G5l TS AT p>1 9oy Ghfr
=AWz a.b, p @ REER @I — = g, p
@ Ry @t b, p @& Rerey |-

PART-B

Answer any foar from the following questions:
10x4=40

o TR Sfal R BIfRb! ST Oed 73 ¢
4. (a) Show that, the set of integers
{1,5,7,11} is a RRS (reduced residue

system) modulo 12. S
Y€l @@, {1,5,7,11} S FRA L0

@Bl modulo 12 ¥ RRS|
(b) If a b,c be integers such that
ac=bc(modm) and d=gcd(c, m),

then prove that a=b (mod _rg_) . 5
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IM g, bc WY WY W, IO
ac=bc(modm) R d=ged(c, m)

cofeaeTs, e =1 @ asb(mod—'g—).

5. (a) If pis a prime, then prove that
W p @O GRS, (o0% 2w 3 [

$(p1)=(p-1)¢(p-1)) 9

(b) Prove that 5n+3 and 7n+4 are co-

prime to each other for any natural
number n. 5

A T (@ R reiidE Al n I @
5n+3 Y 7n+4 wmvf@r eﬁﬂmﬁa
ﬁicfm’%ﬁ?"im

6. (a) If p is a pfime, then prove that
(p-1)! =-1(mod p)- Vv D
W p @6 Gl =W, (S8 o F @
(p-1)! =-1(mod p). | |

(b) Solve the following = simultaneous
_congruence : | S

x=3 (mod 11)
x=5(mod19)
x =10 (mod 29)
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w&d A2 congruence (B! A ] e

x=3 (mod 1 1)
xX=95 (mod 19)
x=10 (mod 29)

7. (a) Using property of congruence, shoy,
that, 41 divides 220-1. =

Congruence I of TR FR e
2201 41 ﬁ'@T@r‘II |

(b) Prove that any positive integer
‘n(n>1) can be expressed uniquely as

a product of primes. = 5
axid. 9 (@ @ @IS Se e

n(n>1) T CNiere MUK 9T fpis
T o o FRI AN

8. (a) If nis any integer can be expressed as

a a
n—_-pf’l_,pZQ....._pkk, then prove that

- pn)=n]]|1-— | 5
=\ P L -4
Tf R we )Gt n 5, |

n=pil.p;%..pi* @ g3 SRR AR,

- k
ot w1 @, #n) = nn(l-—l—)
j=1 Pj
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(b) 1If m and n are any two integers such
that (m, n)=1, prove that

#(m, n) = g(m).4(n) 5

m SR n W wRe Wy s
(m,n)=17 ASTAV) WC{WN

6(m, n) = ¢(m).4(n) |

-k, ..
..... pr" is the prime
factonzation of n>1, then prove that

I n=p{c1.p’2c2 ..... pEr @ n>1 9
(N Teotins =1, (o0 amid =1 (@
t(n)=(k, + )iy +1) ..... (k, +1)

ki+1

i ko+l ky+1 |
G(n)=p1 lx,p2 L e e - =%
pl—-l p2—1 pr—l

~(b) Find the number of zeroes in the end
of the product of first 100 natural

numbers. . S
2 100 Bl FoiRE MU [ATeR (TS
sl W A Wefa =1
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10. (@)

11.
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Define Mobiu’s function. Also Prove

that %8, )= p(m)- u(n)

Hence find ©(6)- 5
sRaR e el R oeme =y
u(m-n)= p(m)- #(n) "

s/ o[ 1(6) g T Sferedr |

(b) For each pos1t1ve integer n>1, show

- that
if n=1
dlzn'u(d) { if n>1 | E
ARSTH (AR TS AR n>1 9@ Rl
; g n=1"
d)=
N:%y() {O, g n>1

(a) Let a, m?> 0 be integers such that.
(@,m)=1, then prove that
a?™ =1 (mod m) ~ 5
Mz a, m > 0 T4 WY W IT© (@, m)=1,
COrT avld <91 @
| a’™ =1 (mod m) ,
(b) Solve (AL F4Y) 5
f(x)=x*+x+7=0(mod3)




OPTION-B
Paper : MAT-RE-5026
( Discrete Mathematics)
Full Marks : 80
Time : Three hours

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

1. Give very short answers : - 1x10=10

(a) Define upper and lower bound of a
poset. | '

(b) What is a chain ?
(c) Write the commutative law of a lattice.
(d) ' Define a sublattice.

(e) Every singleton set of a lattice is a
sublattice. State true or false.

() State De Morgan’s law.

(g) Write the identity law of a Boolean
" algebra. |

(h) Define a Boolean variable.
(i) - Define a complemented lattice.
() Write the basic operations of a

Boolean algebra.
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2. Give short answers : 2x5=10

(a) Let A= {1, 2, 3; 4; 6) 8) 9) 12) 18, 24} be
ordered set with the relation ‘x divideg
y'. Draw its Hasse diagram.

(b) Write the properties of a distributive
lattice. |
(c) Give an example of a modular lattice,

(d) Prove that in a Boolean algebra B,

(@) =a, YaeB.
(e} If L be  a lattice, then for every
.a,belL, prove that qvb=»b iff g <p.

3. Answer the following : (any four) 5x4=20

(a) Show that (Z+ , /) is a lattice.
(b) Express the Boolean function
f(x,y,z)=x+yz in a sum of
' minterms. ' 2
(c) In a distributive lattice (L, <) prove
that anb=anrc and
avb=avc=b=c. =
(d) Give an example to show that the

union of two sublattices may not be a
sublattice.

(e) = Express the Boolean function

f(x, Y, Z)= xy+x'y as product of
maxterms.
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(f) Prove that the elements O and 1 of
Boolean algebra are unique.

4. Answer the following : (any four)
10x4=40
(a) Prove that a non-empty finite poset
has
() at most one greatest element;
(ii) at most one least element.

(b) Show that in a complemented
distributive lattice the following are

equivalent
(i) a<b
() anAnb =0
(iii) a'vb=1
(iv) b <a |

(c) Consider the subsets {2,3}, {4,6},

{3,6} of the poset {{1,2,3,4,5,6},/}

Find for each subset (if exist)
(i upper bound and lower bound;

1(ii) greatest lower bound and least
~ upper bound.
.+« a short note on Karnaugh map
@ X’llglttlfod in Boolean algebra. Find the
Karnaugh maps "and simplify the
following expressions -
) AB+AB
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(i) AB'+A'B
(iii) AB'+ AAB+A'B’ |
(e) Simplify the following
expressions :
() x(y+Z)(X+y+Z)
i) xy+x'z +yz
(iii) x+y(x+y)+ x(x' +y)

(f)  Determine all the sublattices of D;,
containing four elements.
Dy, ={1,2,3,5,6,10, 15, 30_}» f_
Also draw the Hasse diagram i

j
(g) In a Boolean algebra B prove the

following :
(a+b) =a'.b, Va,beB
) (ab)+(a'+b')=1, Va,beB
(iii) (a+b)(a’+c)-=ac+,aB, VYa,b,ceB

(h) Express the following in disjunctive
normal form : (any two)

B f(xy z)=(yz+xz') (xy +2) |
@) (Y z)=(xrxy+xyz) (xy+ (xz) )(y+x97)
(i) f(xy 2z)=(xy) (x+y)
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