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West Bengal State University
B.A./B.Sc./B.Com ( Honours, Major, General)" Examinations, 2015

PART- II
MATHEMATICS - GENERAL

Paper - II
Duration : 3 Hours J

The figures in the margin indicate full marks .

. ~ ~~~~fc1 9f.~ ~ I

[ Full Marks: 100

Group-A

~~-Cfi

[ Full Marks: 25 1
[9f.~: 25]

Answer Question No. 1 and any two from the rest.

1 "'f~~ 'S \5RT ()T c<!SR ~ ~ ~ w.=r 1

l. a) If D, E, F are three non-empty subsets of the universal set X, then prove that
(Du E u F') n (D u E' u F') = D u F' . 2

X ~<!$ universal ~ I ~ D, E, F, X-~~ ~ \5P'fIT ~~ ~ ~ ~'1 ~ ()T

(Du E u F') n (D u E' u F') =:= D u F' .

OR/~

Let A = {I, 4 } and B = { 4,5 }. Verify whether P(A}uP(B)=P(AuB),

where P ( A ) denotes power set of A.

~ A = {I, 4} ~<f~ B= {4, 5 }~, ~ P(A}uP(B}=P(AuB) ~~

~ ~, ()T~ P ( A ), ~ A-~~ power set ~ <!5"@I

b} Let f: R ~ R (R is the set of all real numbers) be a mapping defined by
f (x) = sin x, x E R . Is the mapping bijective? Justify. 3

~<!$ ~'1 f: R ~ R (R ~ ~ ~~~ ($) ~~ <ff~ ()T f(x)=sinx

()T~ x E R I ~c:rTG- ~ ~<f5-~<f5 ~~'1 ? ~ ~~ ~ w.=r I

OR/~

ISUB-B.A./B.Sc.(GEN) MTMG-6077I [Turn over



MTMG(GEN)-02 2

Prove that a group ( G, * ) is commutative if a = a-I, 'Va E G ,
converse is not true.

~Cf ~ ~ ~~ "'1C'f ( G, * ) f<lH~~CllI~ ~ ~ v a E G,

~ ri f<lH~~C~lI~~'8 a = a-I ('Va E G) o:n'8~c:;5 '9fT@1

2. a) Let I: A ~ Band 9 : B ~ C be two surjective mappings. Then show that go
is also surjective. 2

b) Show that the mapping,!: R ~ R defined by f(x)=7x-5, 'VxER

bijective. Find f-l.

I: R ~ R fWic$ ~~ ~ ~~~ ~ f (x) = 7x - 5, 'Vx E R , ~ ~ ~c$ IQ

~~-.Q~ ~~Cf I I-I ~c$ Rem <IS¥{ I

c) 2 {x -1 x 2: 0If f (x) = x and 9 (x) = ' 0 ' 'Vx E R-x, x <

where I: R ~ Rand 9 : R ~ R are two mappings, ( R is the set of all re
numbers), is the product of the mappings fog is commutative? Just'
-'
your answer.

~ fWiCf I: R ~ R ~~~ 9 : R ~ R ~~ ~ ~~~ ~ I (x) = x2
IQ

{
X - 1 x 2: 0 ( rd'P- ~ ~g(x) = ' 0' 'Vx ERR ~ ~ ~~~ I."H') I ~ IDI!lCf"1.'1.1>< ~Cf. fa. -x, x <

3. a) •Let (M2 (R),*) denotes the group of all 2 x 2 non-singular matrices over

Show that ( G, * ), the set of all 2 x 2 real matrices (~ ~) with ad - be =

•under the operation' *' is a subgroup of (M2 (R),*), where R is the set of

real numbers and' * ' denotes the usual matrix multiplication.
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4. a)
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b)

~ ~ R ~ ~ .,,~~ c:$ \£I<l"~(M2*(R),*), R-\£I~ ~9@ .,,~~ ~ 2 x 2,

non-singular ~ (matrix) ~ ~ <P@I G, ~ 2 x 2, ~ .,,~~ .,,-®
(matrix) (~ ~) -~ <:$, ~ ad - be = 1. ~ QT ( G, *). (M 2* (R),*) -\£I~ \£I<r$

~9f'fG'f QT~ , '110 ~~'t matrix multiplication-efs H~~C<l5~ <P@ I

Let ( H, * ) be a subgroup of a group ( G, * ). Prove that the identity element
of ( H, * ) is the same as that of ( G, * ). 2

~ ~QT ( H, * h ( G, * ) ~ \£I<r$ ~9f'fG'f1 ~'1 ~ QT ( H, * ) ~~

identity element ~ (G, * ) ~ identity element.

Inagroup(G,*),showthat ((a*b)*b)*((a*b)-l*a)=a*b, Va,bEG. 2

~,~ (G, *) \£I<r$"fC'l1 ~QT ((a*b)*b)*((a*br1 *·a)=a*b, Va,bEG.
Does the set of all irrational numbers form a group under usual addition?
Justify. 2

~ ~ .,,~~ c:$ "'lI~~ QTTC"8f ~ "'lTC9fN \£I<r$ ~ ~ <P@ f<rs ? ~

.,,9fN lJ.fu> ~ I

Let Z [i] = {a + bi : a, b E Z} where Z is the set of all integers and i = ~ .
Considering Z [ i ] to be a commutative group under usual addition, show
that it is a commutative ring under usual addition and multiplication. 4
~~, Z [i] = {a + bi: a, b E Z} QT~ Z ~ ~-S .,,~~ ~ ~ ,<P@ \£I<l"~

i = ~. Z [ i ], "'lI~'1 QI"R"8f ~ "'lTC9fN \£I~ f<lH~~c~lsn ~ ~ <P@ I \£It!

~ m~ QT Z [ i ] "'lI~'1 QIT"f \£I<l"~~'C~ ~ "'lTC9fN \£I~ f<lH~~~lsn ~-SC1'B

~<mI'1

In a ring R, prove that (-a)(-b) = ab v a.b E R. 3

~'1 ~ QT, \£I<r$ ~-SC1R-\£I (-a) (-b) = ab Va, b e R ~ ~ ~ I

Let (z, + ,.) be the ring of integers. Show that the set I = { kn : k E z} for, , n
any arbitrarily chosen n E z is a subring of, (z, +,' ). How many such
subrings of (z, +,.) can be obtained? 2 + 1

~ ~ (z,+,.) ~ ~-S .,,~~ ~-SC1 \£I<l"~In = {kn: k E z} \£I~ c:$ QT~

n, z-\£I~ ~ ~ QT C<l5R \£I~ ~-S .,,~~ I C'f~ QT (In' +, .), (z , + , • l -\£I~

\£I<r$ ~~-SC11 \£I~ <I5'3~fur ~~-SC1 ~ ~ ~ ?

c)

d)

b)

c)
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5.

"

6.

4

a) State the Cayley-Hamilton theorem. If A = (1 ~), use the theorem to

express the matrix polynomial 2A 4 - 7A 3 + 7A 2, - 50A - 10J as a linear
polynomial in A. 1 + 4

Cayley-Hamilton ~9f~ ~ ~ I ~ ~ A = (1 ~); ~ ~9f9fNlfk

~ 2A4 -7 A3 + 7A2 - 50A -10J matrix polynomial-~ A-~ (matrix)

~9fN l!'l~ linear polynomial ~ ~ ~ I

Write the vector a = (1,7,4) as a linear combination of the vectors
a1 =( 1,- 3, 2) and a2 = (2, -1, 1) in, the vector space V3 (R), where R is the
field of real numbers. 2
~ <p@ R, ~ ~ ~~~ ~I V3(R) ~ OWl, a=(1,7,4) c~~~ftC<;>
a1 =(1,-3,2) l!'l<f~ a2 =(2,-1,1) ~ ~ linear combi~ation ~ ~

~I

Show that the set B = { ( 1, 2, '1 ), ( 0, 1, 0 ), ( 0, 0, 1 ) }forms a basis of the

vector space R3 over R, where R is the field of all real numbers. 3

~ Gl B = {( 1,2, 1 ), (0, 1,0), (0,0, 1 )} ~ ~ ~ R3 -l!'l~ '8~ R-~~

l!'l~ fQ,fG ~ <!S@ Gl~ R ~ ~ ~~~ ~ I

Group - B

~~-~
[ Full Marks : 20 J

[1~: 20J
Answer Question No.6 and any two from the rest.

6 ~~ ~ '8 \5RT Gl c<!5R~ ~ ~ M I

b)

c)

Answer any two questions: 2x2=4
Glc<!5R~'~~M :

a) What are the direction cosines of a straight line which makes angles 60° and
45° with z-axis and x-axis respectively?

l!'l~ ~~ z-~ l!'l<f~ x-~-~~ ~ ~~ 60° '8 45° c<lST~ ~E;'\ffi' ~ I

~~ C<PP11~..j N~~fco@~ R~ ~ I

/ SUB-B.A./B.Sc.(GEN) MTMG-6077/
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8. a)
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b) Find the equation of the plane passing through the point ( 2, 1, 1 ) and
parallel to the plane 2x - 3y + 4z + 5 = 0 . Also find the distance of the plane
from the origin.

2x - 3y + 4z + 5 = 0 >1~\5l1m'$l >1~I~'$II"1 I.!l<f~ ( 2, 1, 1 ) ~~ >1~\5l1m'$l~cy

R~ ~ I ~ ~ Rc~ >1~\5l1m'$l~ R~ ~ I

c) Find the equation- of the sphere through the circle x2 + y2 + z2 = 9 ,

x + y - 2z = 4 and the origin.

~~ I.!l<f~ x2 + y2 + z2 = 9, x + Y - 2z = 4 <fG~ C'>1I"1<Pm'$l~cy Rem
~I

a) Find the equation
perpendicular to

4x + Y - 2z + 6 = O.

of the plane through the point ( 2, 5, - 8
each of .the planes 2x-3y+4z+1=O

b)

2x - 3y +.4z + 1 = a I.!l<f~ 4x +Y - 2z + 6 = a >1~\5l1~'$1 ~t\!ll<pm'$l ~~ ~ I.!l<f~

( 2, 5, - 8 ) ~~ >1~\5l1m'$l~cy R~ ~ I

. x-2 y+l z-3
Show that the straight lines -4- = -3- = -5- and

x + 2y + 3i - 9 = 0= 2x - Y + 2z -11 are coplanar.

QNR~ x - 2 = Y + 1= z - 3 I.!l<f~ x + 2y + 3z - 9 = a = 2x - Y + 2z - 11
. 4 3 5

~1.!l~~~1

Find the equation of the plane which bisects the acute angle between the
planes x + 2y + 2z = 9 and 4x - 3y + 12z + 13 = O. 4

x + 2y + 2z = 9 I.!l<f~. 4x - 3y + 12z + 13 = a >1~\5l1~'$1 ~~ ~~9fj:f ~~

~~<f) >1~\5l1m'$l~cy R~ ~ I

b) Find the magnitude of the shortest distance between the straight lines
x y+l z-2"4 = -3- = -2- and 5x - 2y - 3z + 6 = a = x - 3y + 2z - 3 .

~ = y;1 = Z;2 I.!l<f~ 5x-2y-3z+6=O=x-3y+2z-3 ~ ~

~~R~~I
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9. a) Find the equation of the sphere passing through the four points ( 0, 0, ° ),
( 0, 1, -1 ), (-1, 2, ° ),(1, 2, 3 ). 4

(0,0, 0), (0,1, -1), (-1,2, 0); ( 1,2,3) ~~ C"lI"1<Pf&~ ~"l frr~ ~I

b) Find the equation of the plane containing the straight line
x+3 y-2 z-1 . . . x-I y-4 z-5
-2- = ~ = -3- and parallel to the straight lme -1- = -2- = --=-3' 4

X~1 = Y;4 = Z_-35~ >1~I~~I"1 ~.g X;3 = Y_-
2

2= Z;1 ~~

>1~\5l1f&~ ~"l frrern ~ I

10. a) Find the equation of the sphere whose centre lies on the straight line
x+ l y-3 z+2-- - -- - -- and which passes through the points ( 3, 4, 5 ) and3 - -4 - 5
(-3,0, 1 ). 4

( 3, 4, 5 ) ~~~ ( -3, 0, 1 ) ~~ C"lI"1<Pf&~ ~"l frrern ~ ~ ~

x+l=y-3=z+2 ~~~9@~1
3 -4 5

b) . Find the equation of the sphere for which the circle

x2 + y2 + z2 + 2x - 4y + 5 = 0, x - 2y + 3z + 1= ° is a great ci!cle. 4

~~ ~~ C"lI"1C;<P~~"l frr~ ~ ~ ~9fN x2 + y2 + z2 + 2x - 4y + 5 = 0,

x-2y+3z+1=0 ~~~~I

Group - C
~"l- "l

[ Full Marks: 25 ]

['1~: 25]
Answer Question No. 11 and any two from the rest.

11"l~ 2P!! '8 ~ ~'c<Wf ~ ~ ~ Wfl

Answer any' one question :11. a)

i) Is Rolle's theorem applicable to f (x) = tan x in (0,n ] ? Give reasons

f?r your answer.

ISUB-B.A./B.Sc.(GEN) MTMQ-6077I
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12. a)

b)
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[Ojn ] \5I~'!:JICC1f(x) = tan x \5fC9j'4'~f&C'!) Rolle-\£l~ ~9j~ ~ Frs ?

~~ml
1 1 1 1

Show that the sequence {xn} where xn = 1.2 + 2.3 + 3.4 + ... + n. (n + 1)

is a monotone increasing sequence.
1 1 1 1 f& ~xn = 1.2 + 2.3 + 3.4 + ... + n. (n + 1) ~ ~ Ql' {xn} \5Ii\if>~ "l~\1f'~1

~~I

iii) Find the domain of definition of f (x) where f (x) = J : =; .
f (x )= J x - 2 \5fC~ "'~iSffif \5f~G'f R"ffi ~ I

4-x

ii)

Answer anyone question :

Ql' c<Wf I£I~ ~ ~ m :
1 x 3 = 3

Find the value of x l~ a (x12 - sin12x) .

~ R"ffi ~: lima(-L2 - . 12 ).
x -. x SIn x

If f (x ) = 2 I x I + I x - 2 r , find I' (1).

f (x ) = 2 I x I + I x - 2 I, I' (1) -\£l~~ R"ffi ~ I

Prove that a convergent sequence is bounded.

~q ~ Ql' \5IN3>iI~ ~ ~ I

Prove that n ~ oonl/n = 1, where n is a +ve integer.

i)

ii)

iii)

3

00 n
Examine the convergence of L~ .n.n=l

3
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13. a)

Use Cauchy criterion to show that the sequence {xn} defined

1 1 1 1 ( l)n-1 1 .xn = - "2 +"3 - 4 +...+ - 11 ISconvergent.

Cauchy criterion 2frn~~ {xn} \bli\£t'~f&t<qS,~~

X = 1_1+1_1+ +(_1)n-11 \blN:5'1I~~In 2 3 4 ... n '

If' Lt a sin x - sin 2x . fi fi d h 1 f d h li it-'" 0 '3 IS mite, In t e va ue 0 a an t e irrn .x-, tan x
Lt a sin x - sin 2x ~ {:;~ ~ +;',,1.,

O "l"ll~ ~, a-i.£J~ ~ 1"'i'I~ ~ i.£J<f~ C'1NWl "l1~1117~~ 1'1'I~
x~ tan3 x

~I

{

1+ x, 0 < x < 1
b) If f(x)= 2~x, 1Sxs'2

x2
x-- x>2

2 '
Examine whether f (x) is differentiable at x = 1. Is the function continuous
at x = 1 ? Justify. 2 + 2

{

l + x, 0 < x < 1
f (x) = 2 - x, 1S x S 2

x2
x-- x>2

2 '
\!ift~ x = 1 ~ \bl~'$1<:1Sc'Ht~l~~ ~ ~ I \!ift~ x = 1 ~ ~

~f<ls?~~1

c)

c) Expand eX in ascending powers of x with remainder in Lagrange's form.

eX -C<:JS x-i.£J~ ~ ~~ Lagrange-els Remainder ~ ~~ ~ ~ I

14. a) Find the envelope of' the family of straight line ~ + ~ = l , where

parameters a and b are connected by the relation a2 + b2 = 9.

~+Y=l ~~C.~R~~~9fffi<:1~~~ a
a b '

a2+b2=9 ~~~I

b) Find the rectilinear asymptotes, if any, of the curve
x (x - y)2 - 3 (x2 - y2) + 8y = 0 .

x(x- y)2 -3(x2 - y2)+8y = 0 ~~ ~~~ '1'$1C1t?l~R~ ~I

I SUB-B.A./B.Sc.(GEN) MTMG-6077I



9 MTMG(GEN)-02

Find the extreme values of f (x, y )= 2x2 - xy + 2y2 - 20x . 3

f (x, y )= 2x2 - JCY. + 2y2 - 20x -I£l~ ~ <n~ ~ R'fu ~ I

For a given volume of a right cone show that, when curved surface is

minimum, the semi-vertical angle is sin-1 (.iJ). 4

~ ~ f<Iiire I£l~ ~ ~ <I\lW>ta'BI C'lNl~C1.~ ~ ~ ell" ~-~ c<fll'"1ft"

~ . -l( 1 )"\.\•.•sin J3'

b) In the Mean value theorem ! (h) = ! (0) + hf" (8h), 0 < e < 1, show that the

limiting value of 8 as h ~ 0 is ; when f(x) = cosx. 3

c)

15. a)

m ~ ~9{9fTOO !(h)=f(0)+h!'(8h), 0<8<1, h~O ~ ~ ell" 8-\!l~
~ 1 .
"11~1·Q. ~ 2' ~ !(x)=cosx.

c) Show that ( 3, 2 ) is a double point on the curve
x3 - y2 -7x2 + 4y + 15x-13 = O. Find the nature of the double point. 3

. ~ ell", x3 _y2 -7x2 +4y+15x-13=0 ~ ~~ ~ (3,2) ~ I£l~

N-~I ~N-~'~Rcrnffil
Group - D

mn'5f - ~
[ Full Marks : 20 ]

[1~: 20]
Answer Question No. 16 and any two from the rest.

16.,~ ~ '8 \5R1 ell" ~ ~ ~~ f$ll
16. Answer any two questions:

ell" ~ ~ W!rn ~ f$l :

2x2=4

1

a) Examine the convergence of I ~~3 . If so, find the value.
. OX

1I ~~3 -I£l~ \6I~>1JRl~ ~ ~ I£l"f~ \6I~>1I~ ~ ~ ~ R'fu ~.I
ox·'

ISUB-B.A./B.Sc.(GEN) MTMG.6077I [Turn over

..



MTMG(GEN)-02 .

17. a)

18. a)

10

1 2

b) Evaluate I I x3ydxdy.
00

1 2I I x3Y,dxdY -I!l~~ R~ ~ I
00

c) Find the length of the curve y = log see x from the interval x = 0 to x = ~.

x = 0 '~x = ~ \5I~'!1I'¢j, Y = log see x ~ 0N'r R~ ~ I

00

d) Find the value of I e-x2 dx.
-00

-00

1[/2
Prove that B(m,n)=2 I sin2m-Iecos2n-lede(m,n>O) and hence find the

o
value of B (; , ;) .

b)

1[/2
~'1 ~ Cll B(m,n)=2 I sin2~-lecos2n-lede(m,n>O) I!l<r~

o
B (;,;)-I!l~~R~ ~I

Define the relation between Beta and Gamma functions and
that r(t)= rn·
Beta '8 Gamma ~9j'Jfi~'!J&'!1 ~ M'fi '8 I!l~ ~ ~'1 ~ Cll r{t)= rn.
Find the area of the circle r = 2a sin e . 4

r = 2a sin e ~ C'lWlQ;"1 R~ ~<I'"ll

Evaluate II (x + y)dxdy over the region R bounded by x ~ 0, y ~ 0,
R

x+ySl. 4

x ~ 0, y ~ 0 I!l<r~x + y S1 ~ ~~I<I~ ~ R ~ II (x + y)dxdy -I!l~ 1IR ~'hI
R

b)

~I

ISUB-B.A./B.Sc.(GENl MTMG-6077I
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20. a)
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Find the area above the x-axis included between the parabola y2 = ax and

the circle x2 + y2 = 2ax ( a >0 ) . 4

x~~~m~ y2=ax ~'<3 x2+y2=2ax(a>0) ~~

~ ~ C'lNl~C1f.rcffi ~ I

b) The circle x2 + y2 = a2 revolves round the x-axis. Find the surface area and
volume of the whole surface generated. 4

x ~ ~9fN x2 + y2 = a2 1'<3ftcctS \5Il<l~ ~ ~. ~ ~~9fjf ~ ~ ~9jP.J\!)C¢j~

C'lNI~c1 '8 ~ f.rcffi ~ I

00 . 2
Examine the convergence of the improper integral J SIn2 x dx .

1 x

b)
1

J xdx 1 (2 1)Show that 5 = SB S'2 .
o Jl-x

1

ONR~ J xdx =lB(.£ 1), J1 5 5 5'2'o -x

Group - E

~'f - \!
[ Full Marks: 10]

['1~ :10]
2 1. Answer anyone question :

~ C<lSR~~ ~~l?M:
1 x 2 = 2

a) . Find complementary function of differential equation d
2
; + 4y = sin2x .

dx

ISUB-B.A./B.Sc.(GEN) MTMG-6077I [Turn over
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b) d3y
Solve : --3 = 0 .

dx
d3y

~~~ : --=0.
dx3

c) Find the particular integral of the differential equation

d2y d___ 4--.lt. + 4y = e2x
dx2 dx
d2y dy ,
--2 - 4-

d
+ 4y = e2x ~ >1ij)45~t"Br ~ ~ R~ ~ I

dx x
2~. Answer any two questions': 2 x 4 = 8

Ql~~~~~:

d2
a) Solve: --1f + 4y = x sin 2x .

dx
d2~~ ~ : --1f+ 4y = xsin2x.
dx

d2y db) Solve: -- - y = 2 , given y = -1 when x = 2 and --.It. = 3 when x = 1.
dx2 dx

d2y dy~~ ~ : -- - y = 2 , ~ Y = -1 ~~ x = 2 '8 dx = 3 ~~ x = 1.
dx2

Solve: x3 d
3
y +2x2 d

2
y +2y=10 (x+..!.).

dx3 dx2 x

~~~: x3 d
3
y +2x2 d

2
y +2y=1O (x+..!.).

dx3 dx2 x

c)

d)
2 2

Find the orthogonal trajectories of the family of curves x + Y = 1
a2+A b2+A '

where A is a parameter.
2 2

x + Y = 1, [ ~ A l!)<7$ 1)C'f (parameter) ]; ~ C. ~ ~9f 9f~
a2 + A b2 + A

'R~~I
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