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MATHEMATICS
_ (Hondurs Elective )
Answer the Questiohs from any one Option.
OPTION-A
Paper : MAT-HE-5016

( Number Theory)

~ DSE (H)-1
Full Marks : 80
Time : Three hours

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

PART-A

1. Choose the correct option in each of the
following questions : (any ten) 1x10=10

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

(@) 18
(DS
Contd.



(1)

(iii)

(i)

‘The solution of pair of

(c) 15
(d) 36

The number of positive divisofs of a
perfect square number is

(@) odd
(b) even
(c) prime

(d) Can’t say

If 100! = x(mod101),then x is
(@ 99

(b) 100

(©) . 101

(d) None of the above

| linear
congruences  2x =1(mod 5)and
x = 4 (mod 3) is

(@) x=13(mod5)
(b) x=28(mod5)
() x=13(modl5)
(d) x=13(mod3)
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(v)

(vi)

(vii)
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If a= gb for some integer gand a, b+ 0,
then '

(@) b divides a

(b) a divides b

(c) a=b

(d) None of the above

If a and b are any two integers, then
there exists some integres x and y such
that |

(@) gcd (a, b) =ax+ by
(b) ged(a,b)=ax-by
(¢) gcd(a,b)=ax" +by™

(d) gecd(a,b)=(ax +by)"

The linear diophantine equation
ax+by =c with d:gcd(a,b) has a -
solution in integers if and only if

(@ .d|c
(b) c|d
(¢) d|(ax+by)

(d) Both (a) and (c)

Contd.
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(@) a=b(modn )

() a=b(modn)

() a=n(modn)

(d) None of the above

(ix) Th_e Set of inte

he set is called
(Fill in the blank)

(@) Reduced residue system

(b) Complete residue System
(c) Elementary residue system
(d) None of the above

(x)  Which of the follo

false ? Wing statement IS

(@) There is no

pPatte . :
Numbers ' In prime

(b) NO fOi’mu]ae fOr
_ numbers
(@) None of the abovye

finding prime
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(i) The unit place digit of 13

(xi) The reduced residue system is of

complete residue system.
(a) compliment

(b) subset

(c) not a subset

(d) Both (a) and (c)
e oliS

(@) 7
(b) 9
() 3
(@ 1
(xiii) Euler phi-function of a prime number
p is _
(@ p
(b) p-1
(c) - p/2-1

(d) None of the above
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(xiv) Which ’
) Which theorem states that “if p is (evii) 1f ac = be(modm) and d = ged(m,c)

prime, then (p — I)IE __]_(modp)” 5 | .
(@) Dirichlet’s theorem | (@) %= b[mOd %]
|

(b) Wilson’s theorem

(¢) Euler’s theorem b a zc(modﬂ]
(b) =

(d) Fermat’s litt]e theorem '
(c) a= m(mod b)

(xv) Let p be ap odd prime. Th
: en

x2 E —l(mOdp) has as ]. . s
. the form olution if p is of

L HD
(d) a?m[moda]

(@) 4k+1
(b) 4k (xviii) If a is a whole number and p is a
\ prime number, then according to
Fermat’s theorem :

(c) 4k+3

(d) None of .
the above (@) aP—a is divisible by p

() aP-1is divisible by p

only if
(c) aP'-1 is divisible by p
(@ m|(a-b)
¥ | _1 - - - .
(b) ml(a+b) : (d) aP"-a is d1v1s1ble by p
(c) 'm](ab)‘ 2. Answer any five questions : 2;<5=10
-(d) Both (b) and (c) : (@ Find last two digits of 3'9% in its
{ decimal expansion.
Contd.

3 (Sem-5/CBCS) MAT HE I/HE O/HE 36 6
: , 3 (Sem-5/CBCS) MAT HE I/HE 2[HE3/G 7



(b)

(c)

(@)

()
()

0)

If p and g are positive integers such
’Fhat gcd(p,q)=1, then show that
ged(a+b,a-b)=1 or 2.

El-nd the §olution of the following linear
lophantine equation 8x — 10y =42

If
p and g are any two real numbers

then prove that [P]+[q]<[p+q]

(Where[x]| den
otes the greate 5
st int
less or equal.to 0 Integer

I :
(f m and n are Integers such that
m,n)=1, then ga(mn):ga(m)go(n).

Find (7056).

Ifa= b(modﬁ)

a=b(modm)

and m|n, then show that

List all primitive roots modulo 7
(o} 78

o ek :
If n_'pllp2 2.... :;;n iS the

factorization of n>1, then Rl

r(n)= (ks +1)(c, +1)...... (knp: ?; 'e "

Evaluate the €xponent of .7 in 1000 |
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3. Answer any four questions :

5x4=20

(@ If pis a prime, then prove that

(b)

(¢

(@)

(e

(9)
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o(pY)=(p-Do(p-1))

Show that, the set of integers 015,550 171}

is a reduced residue system (RRS)
modulo 12.

Solve the following simultaneous

congruence : .
x = 2(mod3)
x = 2(mod?2)
x = 3(mod5)

For n:pk,p is a prime, prove that

= Zdin@(d) , where de denotes the
sum over all positive divisors of n.

If p, is the n™ prime, then show that

1 1 1
—+—+...+— is not an integer.

b pQ_ : Pn
Let n be any integer > 2. Then ¢(n) is
even.

Show that if @;,@5;.-.-,0p(m) 1S @ RRS
modulo m, where m is a positive integer
with m# 2, then

@ + Ay + .ot Ay = O(modm).

Contd.



h ! _ |
(h)  Show that 10!+ 1 is divisible by 11. . 6. (a) Prove that the quadratic congruence
| X2 +1=0(mod p), where p is an odd

PART-B |
: ‘ prime, has a solution iff p=1(mod4).
A ;
nswer any four of the following questions : : 3
10x4=40 | (b) If p is prime and a is an integer not
‘ divisible by p, prove that

4. (@) If a,b#Q
) and ¢ be an :
S _ y three integers e
&;xnd bd =gcd(a,b). Then show tghat | g =1medp): :
+by = ik . .
_ Y =c has a solution iff d|c. 7 State and prove Chinese remainder theorem.
Birthe : Also find all integers that leave a remainder
4 -01”6, show that if x, and Yo of 4 when divided by 11 and leaves a
% particular solution of ax A remainder of 3 when divided by 17.
€n any other soluti Al
- ] ion of the equation 8. (a) For each positive integer n>1, show
iS| o = ey o a : '
: 9% and.y‘yofgf,tisan (d)= =1
integer. ® - that. Zdln’u I 0%if =l 2
) 7
(b) Find th .
) i 86 general solution of (b) If k denotes the number of distinct
xX-8Yy=42; x, yez 3 prime factors of positive integer n. Prove
5. (a) Show that . | —o
representid 2181 s?;dndl I.}rlme p can be that de\ﬂ(d)l—Q SES
Ol two squares iff | 9. (a) If pis a prime, prove that

p=1(mod4).

(b) Find all positive 1 blpt o S toran Y positive
x2 R SOIU“QHS ofi integer k. For n> 2, show that p(n) is
HRSIC s 25 30, 3 ' _an even integer. 3+2=5
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(b). State Mobius inversig ' ‘

integer n>1 n formula. If the (b) Examine whether the following set
Pt as the prime™§ forms a complete residue system or a
orization. If ; - phip Ag ke - reduced residue system :
prove that 2:Ps°, UNCIgg 5 .
| {~3,14,3,12,37,56,-1}(mod7) 5
uld & l -
Zdln ( )U(d) w5 1) py I2%) e ) - 12. (@) -If n>1 is an integer then show that
10. If Xx be | b r f(i}
s number, Then show that | Ogpd=n 2 ?
(a) [ RS0 - (b) If fand g are two arithmetic functions,
xlsx<[xlsr . . : 5
, then show that the following conditions
(b) e ' are equivalent : 7
[x+m]~[x]+m, m is any integer !
() =D

(@ [x]+[-x]= { 0 s an integer

i otherwise . (i) g(n)=zd|nﬂ( [ ] 2 # [ )f (@)

@ [L’-‘l}H .
, if m i 0, : adehigl, :
e m |» 1 IS a positive integer - 13. (@) If n is a positive integer with n>2,
11. (@) 1t ; | such _that (n—_1)1+lz(_){mod n), then
A Ay,...a, is a complet show that n is prime. 5
System modulo € residue :
positive integer \r:}lt}? r;}ci if kis a (b) Show that if p is an odd prime, then
= |
kay +b, kay +b, .., kq +b) Isl athen . 2(p-3)i=-1(modp). 5
1g:omplett?' remdue system m
or any integer p. odulo m

S ;:
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Answer the following questions

()

(1)

(iii)

(iv)

(v)

(vi)

(vii)

OPTION-B

Paper : MAT-HE-5026

(Mechanics )

: (any ten)
1x10=10
If a system of co :

. Sys planar forces is i
equilibrium, then what is the algeinsralilé
sum of lthe_moment of the forces
any point in the plane ?

What is the resultant of the like parallel
forcesEB PPy i acting on a body ?

If a particle: moves under the action of
0

a conservative system
_ of forces. t
what is the sum of its KE and ,Pl:?hgn

Define limiting equilibrium

Define the centre of gravity of a b d
ody.

Under what condition
couple is not altered if
to a parallel plane ?

S the effect of a
It 1s transformed

Write down the radia] and cross-radial
X -radia

moving on a plane curye of a particle

3 (Sem-5/CBCS) MAT HE I/HE 9/HE 3/6 14

about
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(viii) What is the resultant of a couple and
a force in the same plane ?

(ix) What is dynamical friction 2

(x) What do you mean by terminal
velocity ?

(xi) Define coefficient of friction.

(i) What is the position of the point of
action of the resultant of two equal
like parallel forces acting on a rigid

body ?
(xiij) What is the whole effect of a couple
acting on a body ?

(xiv) Define simple harmonic motion.

(xv) What is the centre of gravity of a
triangular lamina ?

(xvi) Define limiting friction.

(xvii) State the principle of conservation of
energy.

(xviii) A particle moves on a straight line
towards a fixed point O with an
acceleration proportional to its '
distance from O. If x is the distance of
the particle at time t from O, then write
down its equation of motion.

Contd.
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Answer any five questions of the followoing :

(@)

(b) A particle moves in a circle of radius r

(¢

@)

(e)

(g)
(h)

2x5=10

Write the laws of static friction.

with a speed v. Prove that its angular

velocity is Y

r

What are the general conditions of

equilibrium of any system of coplanar
forces ?

- The law of motion in a straight line is

1 .
S=—pt i

FUE- Prove that the acceleration is
constant.

Find the greatest and least resultant of
two .florces acting at a point whose
magnitudes are P and Q respectively

Find the centre of gravity of an arc of
a plane curve y = f (x)

State Hooke’s law.

Show that impulse o
to the momentum
force in the given ¢

fa force is equal

generated by . the
me. :
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(1)

0)

Write the expression for the compone.nt
of velocity and acceleration along rac-hal
and cross radial direction in a motion
of a particle in a plane curve.

The speed v of a particle moving along
x-axis is given by the relation
v2 =n? (be—xg _12b2). Prove that the

motion is Simple Harmonic.

3. Answer any four questions of the following :

(@)

(b)

3 (Sem~5/CBCS| MAT HE 1/HE 2/HE 3G~ 17 .

5x4=20

The greatest and least resultants that
two forces acting at a point can have
magnitude P and Q respectively. Shoyv
that when they act at an angle ¢ their

4 o & e
resultant is '\(;2 cos? 5 Q? sin o

I is the in éentre of the triangle ABC.
[f three forces P,Q,R acting at I along

TA, 1B, IC are in equilibrium, prove Ui

P Qi i

\/a_(b+c—a): Jblc+a-b) o Jg(a—k-_bv—c)

Contd.



(c)

(d)

(e)

()

(R)
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Show that the resultant of three equal
like parallel forces acting at the three
vertices of a triangle passes through

- the centroid of the triangle.

Prove that any System of coplanar
forces acting on a rigid body can
ultimately be reduced to a single force
acting at any arbitrarily chosen point
in the plane, together with a couple.

Show that the sum of the Kinetic energy
and Potential energy is constant
throughout the motion when a particle

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

A point moves along a circle with
constant speed. Find
velocity and acceleratio

n about any
point of the circle. :

Show that the work done against
tension in Stretching g light elastic
string is equal to the Product of its

extension and the mean of the initial
and final tensjon.

A particle starts with velocity u and
moves under retardatiq

: N 4 times of
the distance. Show that the distance it

travels before it comes to regt is 2

I8l 4

its angular -

ions of the following :
Answer any four question 10x4=40

es P, Q and R act along the sides

. FB(E;'C CA E;rld AB of a triangle. ABC and

for;:es P',Q'and R' act along OA, (;B

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

(i) PcosA+Q cosB+RcosC=0

5 State.and prove Lami’s theorem. P‘Drcecs1

e P Q- and R acting along OA, OB an
C;C where O is the circumcentre of
tria’ngle ABC, are in equilibrium. Show

that
0 ! R
a’ (.’:;t2'+Pc2 ”?j: b’ (cz+a2-b2) cg(a2+b2—c2)

(c) (i) Find the centre of gravity of a

uniform arc of the circle
x2+y?=a? in the positive
quadrant. \

Contd.
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(d)

(e

@)

() Find the centre of gravity of the

2 2
arc of the asteroid x3+yd =qa

lying in the first quadrant.

2
3

A particle moves in a 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 motion.

A particle moves in a straight line 0A
starting from the rest at 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 ac
a point moving in g

plane curve along
the initial line and

the radius vector.

initia] line and

perpendicular to radiys vector,
A particle is fallin

medium whose re
velocity. Find the

g under gravity in g
Sistance varjes as the
distance and vy 1
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celeration of

()

i)

0)
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i t of a particle
locity componen |
Tiﬁlgv an t;Saferpendicular to the radu:;
a .
vector from Arand w@. Find the pa

1 and transverse
and show that radial g
psonent of acceleration are
com

DIAD H
;-erp r@ and #_9(}{—}- r].

leration of
Find the Compopent 01;1 Islxgcsuwe 2ot
. pO_irllt 'mloril;leg ;ic? ‘?lle radius vect'or.
o mltélathe component of acceleration
o i?ldicular to initial line and
g:;}?endicular to radius vector.

i e
~ the line varying inversely as the squar

f the distance from the fixed point.
O -
Investigate the motion.

Contd.



Answer any ten
following :

‘OPTION-C
Paper : MAT-HE-5036

(Probability and Statistics )

questions from ' the
1x10=10

(@) If Aand B are mutually exclusive what

(b)

(©

(d)

(e)

will be the modified statement of .

P(AUB)=P(A)+ P(B)-P(ANB)

Define probability density funciton for
a. continuous random variable,

A random variable X can tg
negative integral values
probability that X takes th

ke all non-
, and the
(& Value r iS

P(X=r)=Ad"(0 <o <1). Find P(X=0).

If X and Y are two random variables

and var (x ~Y)¢var(X)~uar(Y) then
what is the relation between X ang Y.

Test the velocity o

h ! f the following
probability distributio '

n :

0.4 gﬂ

x | -1
P(x)

3 (Sem~5/CBCS) MAT HE I/HE 9/HE 3/6 2

(9)

(h)

0)
(k)

(?)

(m)

)

i) 3 (Sem-5/CBCS) MAT HE 1/HE 2/HE 3/C

i i ial distribution
Negative Binomial
E)iﬁanfandc%m variable X with parameter

T.

’ L
- What are the relations between mea

1
edian and mode of a norma
m _
distribution ?

: i ¢
Write the equation of the line o
regression of x on y.

1 a
What is the variance of the mean of
random sample ?

Define moment generating fun'ct.lon of
a random variable X about origin.

What are the limits for correlation
coefficents ?

For a Bernoulli random variable X wi'th
pP(x=0)=1-P and P(X=1)=P write
E(X) and V(X) in terms of P.

If X is a random variable with mean x

a Ce c 3 th n 0 G : V
n 2

A continuous random variable X follow

2
the probability law f(x)= Ax*>,0 < x<1.
Determine A.

23 © Contd.



(o)

(p)

(9

(r)

Answer the following questions

(@)

(b)

If X and Y are two random variables
then find cov(x, y).
If a is constant then find E(aj and
var (a).

If X and Y are two inde

pendent. Poisson
variates, then XY is

a variate.

(Fill in the blank)
If a non-negative real valued function i
is' the probability density function of
some continuous random variable,then

(74
what is the value of [F(x)ax »

-

: (any five)

2x5=10
pendent events,
nd B are also

If A and B are inde
then show that A a
independent.

If X have the p.m.f

X
fx)= 10
then ﬁndE(Xg)

Jx: 1)2;3,4

3 (Sem-5/CBCS) MAT HE I/HE 9/HE 3/6 24

(©

(@)

(e)

@V

6
3 (Sem~5/CBCS) MAT HE 1/HE 2/HE 3/

. -'al-,
With usual notation for a binomi
variate X, given that :
9P(x:4-)::P(x:2) when n=6.
f‘ind the value of p and g.
iable
i andom variab
is a continuous T : . :
HhX leS probability density functl.on is
whos ‘
given by

3 (4x—2x2) 0<x<?2

fx)=18

0 . otherwise

then find P{X>l}'

that for a normal standard varia_te
Show
z E(z)=0 and V(z)=1.

| 1 roduced in a
o nun;binzf ;tixrisekpis a rar.ldom
faCt'Dry uith Zlean 50. If the variance
figh o V’V roduction is 295, then‘wha}t
i Week:oiability that this week’s
: ilhlfctin will be between 40 and 60_
pro

1 al’ld ‘
I iej ne ;II(ii]abiIiL? mass fu!].-(:t]_(]]l

random varibale 2

Contd.
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(b

()

If X is a random Poi
oisson vari :
parameter 4 ,then show that ate with

P(X 2n)—P(X2n+_1)___ e mh

If M.(t) is a
: moment gen i
function of a random vaﬁgbleegfaxint}%

. parameter t then show that

0)

3. Answer any

M x(t)= Mx(ct), c is a constant

If X and Y are i
' _ independent
variables with characteristic furr?ci?c?:;

ox(w) and : .
show that rr(w) respectively then

Pxy (W) = 0x (W)oy, (w)

four questions from the

following :
3 Sx4=20
(@) IfXis a c_liscrete random variab] :
probability mass function 23+23V11ng
+1=
mass | i
point b[A2
p(X=x)| 0|k |2k
Determine :
i)  k

(i) p(X<6) and
(@) p(X=6)

3 (Sem-5/CBCS) MAT HE | /HE 2/HE 3/G 26 -

(b)

©

(@)

(e) -

3 (Sem-5/CBCS) MAT HE 1/HE 2/HE 3/6

If X and Y are two independent random
variables then show that

var (X +Y)=var(X)+ var(Y)

If the probability that an individual will
suffer a bad reaction from injective of
a given serum is 0.001 determine the
probability that out of 2000 individuals

(i) exactly 3,
(i) more than 2 individual
2+3=5

will suffer a bad reaction.

Two random variables X and Y are
jointly distributed as follows : '

Floy)=2l-x2-3?), 0<% +y7 <1
T
Find the marginal distribution of X.

State and prove weak law of large

numbers.
If X and Y are independent random
variables having common density
function

f(x): e_.x,x >0
0, otherwise
Find the density function of the random
variable X/ Y-

27 Contd.



(9) f X and Y are independent Poisson
variates such that

P(x=1)=P(x=2) and
Ply=2)=ry=3)
Find the variance of x—-2y.

(R) Prove that regression c

independent of the chan
not of scale.

oefficients are
ge of origin but

4. Answer any four from the following
cluestions S 10x4=40
(@ (i)

What is meant by ‘partition of a
sample space S ? [f Hi (i = 1,'2,..11)
Is a partition of the sa

mple space
S, then for any event A,

Prove that
P(Hi/A):M
2 P(H)P(a/R) - s
=1

(@) If Xis a random variable with the
following Probability distribution :

Y (e ey S0\
P(X=x): 16 /2 1/3

Find E(x), E(XQ) and var(x)

3 (Sem-5/CBCS| MAT HE 1/HE 2/HE 3G 28

(b) Two random variables X and Y have

the following joint probability density

: 2+2+3+3=10
function :

2-x-y, 0sx<1 O<y=l
f (x,y)={0J otherwise

i bility density
i1 ) marginal proba e
Flndt'g)n rr;f i’f and Y (i) Cond1t10n;;
1 .
f:lur;c;ity function (i) var (X) ang \;iar(
e -
(iv) co-variance between X an
3 ¥ . ; 'th
dom variable wi
) Let X be a ran
(0

5 2 W
. 4 ‘and variance r=. Siae
mean

2 a5 a function of b is
that E(x—b)

5
minimum when b= 4.
' balls and it is °

] ontains S

o Abagnchow many of these arz
km_)“’ Two balls are drawn' an
Whltfe' nd to be white. What is the
are fou

bability that all are white ? 5
pro

random variable then
a

If X 18 5

pri‘gf)tf j;r[E(X/Y)]+E[”ar(X/ vl

d) (i)

Contd.
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@),

(1) Find th.e probability that in a
family of 4 children there will be

(a) at least one boy (b) at least one
boy and at least one girl. S

What are the chief characteristics of

(i) Sh‘ow that mean and variance of a
Poisson distributiop are equal. 5

(i) Determine the

distribution for which
4 and 'variance is 3

binomial
the mean is
and find its

mode.
- . 5
(1) Prove that independent variab]
are uncorrelated, Wiy, the help ZS%
an example showy that the cony
1S not true. e
S
(W) Find the an
- . gle bet:
lines "of regression e o
S
b i for
Ysy="(x=x
2 (x- %)
and x-x=7r%x (, -
= (y-7)

3 (Sem-5/CBCS) MAT HE 1/HE 2/HE 3/ 30

(h)

®)

(t)

(@)

(1)

- (i1)
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A function f(x) of x1is dleﬁned as
follows :
f(x)-——O for x <2

=_l-(3+2x)for2£x£4
18
S0 o

; that it is a density function.
i?s%w find the probal?lllty . th:flt a
variate with this density will lie 1n

the interval 2<x<3. 5

dom variable X can assume
galrggs 1 and — 1 with probability

l each. Find
2 _

(i) moment generating function,
(i) characteristics function. 5

Find the median of a.normaSI
distribution.

dom variable X has density

A ran 5

function given by
2e 2%, x20
f (x) = O, x< 0 \ :

Find (i) mean with the help of

e () ) [ eyl

Contd.
31



() () The diameter say x, of an electric
cable is assumed to be continuous
random variable with p.d.f

flx)=6x(1-x),0<x<1

(a) Check that the above is a
p.d.f,

(b) Determine the value of k such
that P(X<K)=P(X>K) 5

i If 3% of electric bulbs
manufactured by a company are
defective, using Poisson’s

- distribution find the probability

that in a sample of 100 bulbs
exactly 5 bulbs are defective 5

Given e° =0.04979
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