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WEST BENGAL STATE UNIVERSITY
B.Sc. Honours Part-I Examination, 2021

MATHEMATICS

PAPER: MTMA-II

Full Marks: 50

Time Allotted: 2 Hours

The figures in the margin indicate full marks. o .
Candidates should answer in their own words and adhere to the word limit as practicable.

All symbols are of usual significance.

GROUP-A
Answer any three questions from the following

1. State and prove Cantor’s theorem on nested intervals.

2. (a) Let 4 and B be two non-empty bounded sets of real numbers and
C={x+y:xe 4, ye B}. Show that supC = supA+supB.

(b) Show that every bounded sequence has a convergent subsequence.

3. (a) For any subset 4 c R, prove that (4) c A ' where 4’ denotes the set of all limit
points of 4.

(b) For any two subsets 4, B R, show that the equality (ANBY =A4"NnB does
not hold in general. '

4. (a) State Cauchy’s second limit theorem. Using it find the limit

1
im A0+ D(1+2)... 2} |

n—oo n

(b) Evaluate - lim m, if exists.

X—oo x

5. (a) Show that the sequence {x,} converges to | where
1 1 1
X, = + Hoot .
\/n2+1 \/n2+2 Vil +n
(b) Let 4 be a nonempty subset of R and d(x, A)=inf {|x-y|:ye 4}. Prove that
d(x, A)=0 ifand only if xe 7

6. (a) Prove t
hat a convergent Sequence of real numbers is a Cauchy sequence.

1077

5x3 =15
1+4

243

3+2

3+2

2+3

243

1 Turn Over



1 1
conv w - bl —,
n>1. n ergent where x, =1 3 n

7. (a) Prove that uniop

2+3
b of two denumerable sets is denumerable.
(b) Prove that no e .
Nempty proper subset of R is both open and closed in R.
5@ ‘If 3+2
@) Let DcR and f/, g, h, be three function defined on D to R. Efltt uC]eengrove
f(x) < g(X) < h(x) fOI‘ ﬂ" xe D- {L} and if l|m /(‘,) - ll_T h(x) =
that lim g(x) =/
() Show that lim Jx sint =0,
X = X
5
= + f(y) for all
9. Let 1:R— R be a continuous function and f(x+) f+f
x,ye R.If f(1)=k prove that f(x)=kx forall x& R.
GROUP-B 2= 8

10.  Answer any fwo questions from the following:

Y dx
(a) Evaluate |——F——.
(‘,[ x+va*-x*
8 L, 2+2
) IfI,= Itan"x dx , prove that I, =n—_—1— 2
0
Hence find the value of /5.

B(m,n+1 B(m,n -
(c) (i) Prove that (mnn ) _ B(m,n)

m+n
/2
(ii) Evaluate Isin“ x cos® x dx.
0

11.  Answer any three questions from the following: 4x3 =12

2 2
(a) Find the envelope of the family of ellipses 12- +% =1 where the parameters a, b
a

are connected by the relation a+b =c, ¢ being a nonzero constant.

(b) Find all the asymptotes of the curve Xy+x’t +xy+y*+3x=0.

(c) Show that the curve (x+ y)3—\/5 (y—x+2)=0 has a double point at
(=1, 1). Find the equation of the tangents at that point and identify the nature of

the double point.
(d) If p, and p, are the radii of curvature at the ends of conjugate diameter of the
ellipse -+ 2. 1 th that p2 4 2 = L+
pse = 47 =1 then prove that pi” + p3° = @
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(e) Determine the pedal equatioh OF ZE‘F'bT =1 with respect to a Tocus. vvnere
a>b.
GROUP-C
Answer any one question from the following 101 =10
12.(a) Examine whether the equation (cosy + ycosx)dx + (sinx—xsiny)dy =0 is S
exact or not and then solve it.
(b) Find the orthogonal trajectories of the cardiodes » = a(l —cos@). 3
13.(a) Reduce the equation _\-2(),»—px) = p?y to Clairaut’s form by putting x* =uand 5
2 .
»~ =v. Hence obtain the general and singular solution.
5

(b) Solve the following differential equation y = (I + p)x+ap?.

14.(a) Solve by the method of undetermined coefficient: (D* +4)y = x*sin2x.

(b) Solve : (x2D? —3xD + 5) y = x? sin(log x) .

15.(a) Solve by the method of variant of parameters:
d*y _dy 5 e’

=2z _ 3%

dx? dx l+e*

(b) Solve by reducing to a linear equation: (1+ xz)% —4x* cos’ y +xsin2y =0.

3 2
16.(a) Solve: x4%+3x3%—2x2%+2xy=logx.
x x

2

(b) Solve: ( Zx; + y)cotx +2 (? + y tan xj =secx by reducing it to normal form.
X

17.(a) Solve by the method of operational factors:

d*y dy 2
—+(x-)=—-y=x".
xdx2 (x )dx d

) ‘
(b) Solve:  (1+x)? g—; +(1+x) ? +y=4coslog(1+x) by changing the
e X

independent variable.

GROUP-D

Answer any one question from the following Sx1=95

18.  Ifa, b, ¢ be three unit vectors such that & XbX%=—bh , find the angles which a

1
2
makes with 5 and ¢; b, ¢ being non parallel.
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a>ob. « e

GROUP-C
105 Answer any one question from the following oy dy =0 s
(@) Examine Whether the equation (cosy+ycosx)d@x+ G

;Xact Or not and then solve it.
ind the orthogonal trajectories of the cardiodes 7=

(b) — a(l—cos8)-
1 utting x*> =uand
3. (a) Reduce the equation x (,V px)=p y to Clairaut’s form by P

yi=v. Hence obtain the general and singular solution.
(b) Solve the following differential equation y = a+p)x+ ap’

2 -
. 2 =x>sin2x.
14.(a) Solve by the method of undetermined coefficient: (D*+4y

(b) Solve : (x2D? —3xD +5) y = x* sin(logx) -

15.(a) Solve by the method of variant of parameters:
X

d2
ay 3dy+2y= e )
ax? dx 1+e

. 2.4 _
(b) Solve by reducing to a linear equation: (1+Xx )Zx_ A7 cos

2y+xsir12y=0-

d? d*y 2 dy - .
16.(a) Solve: x4d7g}+3x3—dx—2—2x ?d;-“"zxy log x

2 d ing i ormal form.
(b) Solve: [%21 + chotx +2 (_a_’ici +ytan x) =secx by reducing itton

17.(a) Solve by the method of operational factors:
d’y 5
—+ x—1 y=x".
¥ dax’ ( ) dx

(b) Solve: (1+x)° %—y+(l+x)d +y=4coslog(l+x) by changing the
e

X

independent variable.

GROUP-D

Answer any one question from the following
18. Ifa, b, ¢ be three unit vectors such that Gxb x& = ll; , find the angles which a
2

makes with 4 and ¢ ; b , ¢ being non parallel.
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19. Show b i
pamue]}; i;teecs:t(c:; ?;;h()d,' that the straight line joining the mid points of two non-
pezium are parallel to the parallel sides and half of their sum

in length.
20. F a, b, ¢ b
or any three vectors a, b, ¢, prove that [a+b b+¢ ¢+al=2a b ]

21.(a) Fo P, QO R
(a) Forces P, QO act at O and have a resultant R. If any transversal cuts lines of

action of P, O and R at 4, B, C respectively, then show that I—f)—l +|—Q—I = —lﬂ
. ) 04 0B OC
(b) A particle acted on by constant forces 4i +5] —3k and 3i +2/+ 4k is displaced

fromthepointf+“"+]§ T
t 5 b
forces. 2J o the point 2i — j —3k. Find the total work done by the

22.(a) Find th [ +2]+k acti P+ 2] +4k
e moment of the force 4i +2j +k actingata point 5i +2j +4k about the

point 3f—}'+31€.
(b) Find the vector equation of the plane passing through the origin and parallel to the

vectors 21°+3j+4l€ and 4f—5]"+4k.

23.(a) Find the constants a, b, ¢ so that
V =(x+2y+az) Fr(x—3y—z2)j+(@x+ey+2
(b) Find a so that V =3xi +(x+ y)Jj —ax k is solenoidal.

)k is irrotational.

Show that the necessary and sufficient condition that a non-zero vector u always
di =

24.
1 to a fixed line is that 17><7:0.
I

remains paralle

2
ntiable, then prove that V* f(r)= N+ Z 1.
,

25.(a) If f(r)is differe
(b) Show that \% x( Q;J = _4. M where a is a constant vector.
_r

I‘3 r

26. V= 2xz% - yzj' + 3xz°k and @ = x?yz, then find

(a) curl (4 V)
(b) curl curlV .
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