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(Held in 2022)
MATHEMATICS
P " (Honours Electlve)
Answer the Questions from any one Option.
6PTION—A
Paper :. MAT-HE-5016
(Number Theefy )
 DSE(H}-1
F‘ull Marks : 80
Tnne Three hours

' The ﬁgures in the margin indicate
- Jull marks for the questions. o

PART-A

Al.r | Choose the correct optlon . 1>£10 10

@i). Two mtegers a and b are coprime if

+ there -exists some mtegers X, y such
that

(a) ax+by 1(

... Contd.



(w) Suppose that m; are pairwise relatively

. (b) asx— by=1 : S | prime. and q; are arbitrary integers
() {ax+by)t=1 (i=1,2, ... k) then there exist solution .

' d) None gf the.avbo x to the simultaneous congruence
. 3 ve

x=a;(mod m;), such that x are

(@ Let d=god(a,b)neN. If d|c and ' (a) congruent modulo
. (xo: Yo) is -a solution of linear | o ‘M-;ml.mg.ma... mk :
' Dlophantme equation ax + by =c, then o _
.all mtegral solutlons are given by « | . | - (b) congruent modulo M= Zm
. - ' , j=1
A bn -~ S |
‘ (a) _(x, y)=(xo_+ ik Yo —%l) S _ (c) congruent modulo m;
- T ! (d) Both (a) and (b)
X, Y ( Xo __, +__) : ~ (v). The product of four consecutxve posmve
(b) ( ) d y° d ' - - integers is dmsxble by .
o : -~ {a) 20
. b . ,
- (c (x, y)= (xo +7, Yo ——d'i) , : ). 22
. - | S @24
: (d) j {(x: y)=(x0 —'g&rl: o +b—n) U ' o (d) 26
, - d - _ (vi) Euler’s ¢- functlon of a’'prime number. .
(iu) A reduced re81due system modulo mis | Py ke ¢(p) s
| a.set of integers r; such that = | @ p
(a) [i,m]=1 ' R . . (b) p-1
® @Gm=1 | I g—l
s (c) (r,, m)¢1 4 . o 1 , - @ None of the above . -
(d None of the above |

. 3 (Sem-5/CBCS) MAT HE 1/HE 2I’HE’3/G‘ 3 N Contd. _‘
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(vu) For wh1ch value of m,
CRS (mod m) = RRS (mod m)?

(@) I mis a prime

() Ifmisa composite’
() fm<10 '
(d) Norie of the above

{Uzu) If ca = cb(modm) then -
. T 2R m - '
(@) | a~ b(mod c m)}
) a= b(modm)

() .a= b(modm. (c, ))
(d) None of the above

(ix) The unit place d1g1t of 273 is
(@) 4. : ’

)6 -

- (0.-8 -

@ 2
~ (d The hlghest power of 7 that d1v1des S50 .
- s
(a) 7, _ |
b8 .
(¢ 10 - . |
@ 5

© 3 (Sem-5/CBCS) MAT HE KR /HE3/G 4

2.

. Answer the following questions :

- 2x5=10

(@ Ifpis 'a'prime,; then prove that

oo)=(o-Dee-0) 2

'(b) Find all prime number p such that .

p*>+2 is also a prime. | 2

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

n=>y, #(d)

S am

where Y denotes the sum. over all
— din : . .

positive d1v1$ors of n. ' 2

" (d). Find the number of zeros at the end of

" the product of first - 100 natural
numbers o : 2

) Find c(12). . -2

Answer any Jour questions : ' 5><4=20 '

(a) If ¢ is Eulers ph1 functlon then find |
¢@ﬁoon) B

"313m5/¢30‘3) MATHE LMEQHESG 5 o Contd. ,



()

'

(@)

Find the remainder, when 3040 is

_divided by 17. S : -5

State and prove Ch1nese Remainder

. Theorem. - 5

If p, is the ‘nth pnme number, then

.. prove:- that

’ n-1 - - k ‘ :

Pp<2% 5

If n= P1 sz P . pF s the prune

&)

" factorization of n> 1 then prove that

()

@)

. Answer any four questions :

4, {a)

3 (sem-S/CBCS) MAT HE" 1/HE 2/HE 3/G .6

~Hence find p(6).

r(n) (k1+1)(kz+1)(ka+1) (kn+1)

kri-]._~ ‘ k2+1 § .
a(n)-’?l L0 T N s
pl -1 iy ) Tl - p, -1

2‘/2+2 =5

Deﬁne Moblus functlon Also show that

,u(m n)= ,U(m) ,u(n) |
 143+1=5
. PART-B

congruence axsh (mod n) has a
solutlon if and only if d|b.. 5

10%4=40
If d=(a,p), prove that the linear

(b)

5 f{a)
| ! )

6. @
)

7. (@)

() When a number n is divided by 3
it leaves remainder 2. Find the
remainder when 3n+6 is divided

by 3. : 2

(i) Prove that'5n+3 and 7n+4 are
‘coprime ta each other for any
- natural number n. ‘ -3

fpisa prime then prove that

(p- )l——l(modp) - -  5

Using property of congruence show that
41 divides 220-1. : ' 5.

Prove that everyf‘positi\ie integer (n>1)
can be expressed uniquely as a product

of primes. . . S

Determme all solutlons in the mtegers
of the Dlophantme equation
172x+20y=1000 . . 5

If n be any- positive integer and can be\ .

expressed as". n=p. p‘2’2 ...... pk" , then

j=l pj

: pro‘ie that ¢(n)—nn (1-—1—] " 5

3 em-5/CBCS) MAT HE 1/HE 2/HE 3/G 7
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- prove that -

®)
8" (@
®
9. " (af

O ) s an o 1

If m and n are any two integers such
that (m, n) =1, prove that

For: each p
that -
Z#(d)={1’ i n=1

'*dln . O’ lf n>1 ) 5

If k denotes the

L number ; isti
prime factors of r of distinct

positive integer n, then :
- 2 |u@)=2x
dn T 7 S
Show that Y. ) r(@)— (-
ot 2 @) @)
:ﬁ:g: f,; 3tenotes the number of distinct
. Ors of positive Integers. n.
5

: - t i P
pel’fe(:t Square, eger lff nis a

3 (Sen-5/CBOS) MAT HE I/HE 3/RE 3/ g |

ositive integer .5 >1, show

10. (2)

Kl

(i) For any integer n>3, show that

n . ) .
Y plky=1, 2
k=l . |

Let p be an odd prime. Show that
the congruence- x_2 = ~1(mod p) ‘has a
solution if and only if p= 1(miod 4).

. » - = . .. . 5

If n>1 and gcd(a',‘n;)=1, then prove -

- that &Mn) = .]','(mod n). ‘ - 5

| 1 1. (a)

If‘. n is fa',‘.vaS‘iﬁVé' intéger and p is'a -
prime, then prove that the exponent of -
the highest power of p that divides n!

i .y T 5

®)

3 (Sem-5/CBCS) MAT HE 1/HE 2/HE3/G O

Solve 3[x] =_'x+2{x} \'i.'her'e” [x] denotes
greatest integer <x and {"‘x}_‘denot'es

the fractional part of x. 5

~ ‘Contd.



OPTION-B

Paper : MAT-HE-5026 - | .

(Mechanics) .
Eull Maﬂcs' : 80
Tlme Three hours

The ﬁgures in the margin indicate
- full marks for the questions

Answer the followmg questrons 1x10=10

() = What is the
| physical sj
- moment of a force ? gmﬁcance of the

v (u) . State Newton s second law of motlon

(i) Defirie angle of fnctmn

(iv) Defme the - centre of gravrty of a bocfy |
W) What do yo 1
'.»‘Veloth? you meanw by terrninal

i) What is the
(1 geornetncal repre

| f the simple harmomc mlt))n:r?r;tauon

() What is the length of

constltuent force of magnltude F?.

3 (Sem-5/CBCS) MAT HE 1/HE 2/HE 36 10

A(vzu) Can a force and a couple in the same
plane be eqmvalent to a single force ?

(ix) Deﬁne a couple.

(x) State .Hooke’sl law.”

Answer the folloWing questions . 9x5=10

(@) Find the greatest and‘ieast 'reéultant of

- (b)
(é)_,j

@

“to the momentum generated by the

(e)

two forces actmg at a point whose-

magmtudes are P and Q respectlvely

Flnd the centre of gravity of an arc of
a plane curve y = f{(x).

State the lawé of static -.friction. '

Show that 1mpulse of a force is equal

force in the glven time.

Write the*expression _for the component
of velocity and acceleration along radial

" and cross-radial direction for a motion

of a particle in a plane curve.

3 (Sem-5/CBCS) NAT HE I/HE /HE3/G 11 | ) Contd.'r '



3. | Answer any Jour que'StiOhs of the folldwing:’

(@

b
©

@

3 (Sem-5/CBCS)

" a point O on

| | 5%420
) ’a}lle line. of acgion of a force F divides
t e angle‘_.between its component forces
' and Qin thC ratio 1:2. Prove that
9(F+Q)=P2.
Pand Q are
P is moved
~ distance x,
"Pand Q
Px |
P+Q~

two like parallel forces. If
parallel to itself through a

o R
A particle of tﬁaiés{ m - |
line under acceleratiy,
i the 1

thg distance from o, o

mn2x_ towards
S €, . where x is.
,_hO.W that if x=a

-‘_

and dt u: when ¢=

0-"7 thf?n at time t,

" X=acosnt + 4 L
L ) ~Sln :
. ST ponnt,

MAT HE 1/HE 2/HE 3/ - 1

P S—

_show that the resultant of
moves thrq_llgh a distance

M.MOoves in a straight

g

" A particle moving with simple harmonic

motion ini a straight line has velocity v;

~and v, at distance xi, X, from the centre .
of its path. Show that if T be the period-

' : , 2 2
-of its motion then T =27 |—+—=.
‘ ' - Yvz-u

~ Show that the sum of the kinetic energy
~and potential energy is constant

throughout the’ hlotiqn when a particle

_ of mass m falls from rest at a height h
above ground. -

4. V.Ans'v;rc"r any four quq‘si:ions of the‘fouowing: .

. (a) .- ’
.~ BCy CA and AB of a triangle ABC and’

| ST 10%4=40
Forces P, Q and R act along the sides

fortes P’, Q' and R’ act along OA, OB

. and OC, where O is the centre of the. -
" circumscribed circle, prove that

. 'S(Sem{SICBCS)MATHEl/HEZ/HESLG 13 -

@ E

(i) - PcoéA+QcoéB.+Rco_s_C =0

pr . i"'» ' '
L Q +RR =0
- "",b~ . (] o

1

- Contd.



- (b)

State and prove Lami’s theorem. Forces

P, Qand R actipg'along OA, OB and
.OC, where O is the circumcentre of

. triangle ABC, are in equilibri
ot C, are. .equlhbn_um. Show -

P

. . v Q R

a® (b -+-c2 ~a?) P (2 +a2- b2) s (@2 +p2 - c?)

. (g

() Find the centre of gravity of a
.c1rlc)1t11a;d arc of radius a which
subtends an angle - ‘ ‘
Subter | gle 2a at the‘

(?i) " Find the centr.e, of ,gré§ity of e;

@

uniform parabolic area cut off by

- a double ordinate at a distance h.

from‘ the vertex.

) Show that the least force whic
@) -sh € least force whij
1v:ﬂl.move a 'weight Waloﬁg a roi;;?l '
orizontal plane is W sing, where
¢ is the angle of friction. '

lWeight and the-
Plane on}

t i ’

hat the angle of mclin_atioz’l osfht(l)rlv;

plane to the Hor;
the angle of frictioicf1 E cqual to

reactions of the

- 3 (Sem-5/CBCS) MAT HE I/HE 2/HE 3/6 . 14

(9

" A particle moves in & straight line under

an attraction towards a fixed point on
the line varying inversely as the square
of the .distance from the fixed point. -
Investigate the miotion. ;

A particlé move-.s"ihv a straight line OA -

starting from the restat A and ‘moving
with an acceleration which, is directed .
towards. O and varies as the distance
from O. Discuss the motion of the
particle. Hence define simple harmonic
motion and time period of the motion.

Find the component of acceleration of
a point moving in a plane curve along
the initial line-and the radius vector.
Also find the component of acceleration
perpendicular to initial line and .

o perpendicular to radius vector,

)

3 (Sem-5/CBCS) AT HE I/HE OJHE3/G 15 |

A particle is falling under gravity in a
medium-whose resistance varies as the
velocity: Find the distance and velocity
at any.time-t. Also find the terminal
velocity of the particle.” . :

Contd.



| OPTION-C
- Paper: MAT-HE-5036
( Probability and Statistics )
‘F‘ul-l Marks : 80
 Time : }:l‘hfeé‘ hours

~ The figures in the
o _full tnarks for

1.

- mar. gin indicate
the questions,

swer the fouomng questions : 1x10=10

B S et S N
P03 ]04]54
- admissible ? Giye rf;a"s'oﬂ B

(c) Sketch the area under ..
: CICh the area ung; '
curve with ‘prqbagfifr any probability}

between x= ¢ and x1-1- t(}il Unction p(x)
. 7~ @represented b
, . y
Plcsx< d)= J’ y '
—TIT) P\
O A( )qx

3 (Sem-5/CBCS) MAT HE 1/HE a/HE 3/6 16

(d) What conclusion one can make about
the cconditional probability P(A/B) if
P(B)=0? S

(e) State the. multiplicative theorem of
‘expectation. '

() Mention the relationship among the
' mean, median and mode of the normal .
~ distribution. ‘
@. X and 'Y,aré,two indepéndent raridom
. yariables, then find Var(2X +3Y).

:(h) .Write the mean and variance of
standard normal variate Z = X-#,
. : p

| 'Where pu and o are mean and standard
. deviation respectively. a

(i)‘ When is the édffelation coefficient
. between two randem variables Xand Y’

- ..zero.

3 [en-S/OBC9 MATHE MBS 17 Contd.



s Apswer the following questions : 2x5=10

- (a) Prove that probabﬂity of

event is zero. any impossiple

) I Xis a random variable, then prove

tl?gt Var(X)'=E(X2)"{E(X)}2

.(c) Find th

1€ constant 1ch
function e such that the

| f(x)= cx2, O0<x<3
. . 0, otherwise "
15 a density fu |
P(0<x<3). "
{d) .A random V.ariablie7
-. function given by . -

'}i(é),v Comment c'mA tﬁe followin |

3&@5@3@)&?‘&51/1{32;}{33,& s .

3. Answer any four paﬁ:é from the fo

. l’lCthl’l. and also find

X has density

lldwiﬁg .
5x4=20

 (a) A bag contains 6 white and 9 black

" balls. Four balls are drawn at’a time. -
'Find the probability for the first draw -
to give 4 white and the second to give
4. black . balls if the’ balls are. not
réplaced before the second draw.

(b) For two independent events A and B

.- prove that (i) A and B are independent,
and (i) A and B are independent.

€ A ran'dom"'variable_”}‘(‘fhas‘the function

) ‘f(_x).= ‘x20+1’ wﬁer’g ’fc’x&% X <o, then
o ﬁ'n_d' the value of the constant c;
" @) find the probability that X2 lies
befy‘vee'n_ -:15— and 1. | o

(@) The joint probability of two variables
" X and Y is given by o
f(x,y)»'=zl§(2'x#_y)}0chs2,osyss

0 ,'_othérWise o

Find () F(‘Y/»é)_, and (i) P(y=1/x=3)

.3 (Sem-5/CBCS) MAT HE 1/HE 2/HE 3/G 19 - Contd.



(e) A coin is tossed until a head appears.

What is the expectation of the number
of tosses required ? |

is 1
- is g

() The i)robability of a man .hi'tting a target |

- (). If he fires 7 tim
. probability of his
at least twice ? _
(i) How many times must he fire so
that the probability of his hitting
- the target at leas

e
.+ than 3?7

es, what is the
hitﬁf_lg the target

4. Answer any four parts from the following :

S T

v . '(a} FOr n _eventS.Al, AQ:«As, ..... | ey An Prove
" that oL '

- 1si<jzn

15i<;j<];$n
S l)n_lp,(Al NAyna,.... NA,)
'Hence find P[U Ai;J, -
heiLd IR

3 (Sem-5/CBCS) MAT HE 1/HE 2A/H.E'3/G 20

t.once is greater .

ZZP(AI-_';\'AYJ.‘}\A’C);.

3 (Sem;s/cscsl WAT HE. 1/HE g/ﬂé 36 . 2}

ime sional

. that two dimens! '

e S;l%[:]);fls :andom variables (X, Y) has .
c LI . .

joint p.d.f given by o

(x, y)=6x7y, 0<x <, 0<y<l
! T o, élsewhe';é _

(). Verify.that { { | f(x y)

) '.' : .'3 ) ‘1 . )
- —'-<Y<2)
@ Fnd P(0<X <3< <2)
() Find P(XfYél)
(). Find P(X>Y) -

) F'ind'__ﬁ(}'-{<-1.]?%:2);‘ R

S ) {) The probability function of a

* random.variable X iS_'giyep by

‘ e
iy =X —3<x<6 -
0,othertmsev
L Lo orobability density
By the p-_robablhty 28
B U-'g;ggtibn for the random valeablg

usgl2=X.

Contd.



(i) Define moment generating function : o ' : .
, of a random variable X. Find the ' (ii) Obtain the equation of. t“;cl’ lines
moment generating functj ion . for the following
binomi al'distributioi un lon of | .-.zf t;e.grcz:_smon- ‘ ,
{d) - @ The probability curve y = flx) has | % 6566676768169 70 | 72
g;gnt%e from O to o, If f(x)=ex - : = Tea 6568 7217269 | 71}
€ mean and . ’ . X . L . . :
(i) If X be a cont: variance. . ' obtain.the estimate of X -
A D€ a continuouys - random h Also - Co
variable with ¢ . Y="70. . ‘
: Probability density A :
function | ' _ B i X is’ a raﬂdom variable with
s 05 ke @0 e, ten o
. a,lsx<o any positive number k, prove £
. TAx+3a,2<x<3 e _P{|'X.—p|2k0'}5fgz‘
- -0, otherwise 0 DR : : ‘
compute P(X < ,1.5 g . ) 'symmetric die is thrown 600
a R ) : , (ii) ﬁmggFind'the lower bound for .
B ’2e§‘x§'t?°iss°n distribution as the probability of getting 80 to 120 -
dist;ibutios, c§se of binomial | - - - sixes. : S
(i) Prove'that meé‘h . ‘ dom variables X and Y have
inom; an i : The randorl Te . s .
binomially ‘1118111’ibutgdv\a;lrl Snceofa |7 .(h) ' the following joint. probability density
respectively np and np;ll‘lable are o © function : _ _
~ ' ' . o | _y: 0sx<£1,0<y<1
m (l) - Deﬁne Cor_re]atiOn co ] ) . . f(x’ y): 2-X-Ys ] ‘
~ random variabjeg 4 efficient of two | . 0, otherwise
that correlatiop, co ;j _ Y. Show : o
independent Oefficient is : ~vnd— S ‘
of ch Find . .
and scale. -Hange of origin S i narginal probability density
o - - L A : and Y;
3 (Sem-3/CBCS) MAT HE I/HE 2/HE 3/¢ 29 : functlons of X o :
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. (ii) cond1t10nal density functlons
: (iii) Var (X);
(w) Var(Y) ;

. (v) covariance between X and Y.
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