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West Bengal State University
B.A./B.Sc./B.Com ( Honours, Major,General) Examinations, 2014

PART- II

MATHEMATICS - GENERAL
Paper - II

Duration : 3 Hours 1 [ Full Marks: 100

Candidates are required to give their answers in their own words as far as practicable.
The figures in the margin indicate full marks.

GROUP-A
~~-<f)

( Full Marks: 25 )

(1~: ~<t )

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

~ ~~. ~ \S ~Ql' c<l5R~~~WrI

1. a) If A, B, C be three non-empty sets such that A n B = A n C and

A U B = A U C, then prove that B = C. 2

<IN A, B, C ~ '5P'fTI c$ ~, ~ A n B = A n C ~<r~A U B = A U C~,

OR / \5f~



2

MTMG (GEN)-02 186

b) Let I: IR ~ IR and 9 : IR ~ IR be two functions such that log = 9 of

Does it necessarily imply that 1= g? Justify your answer, where IRis the set

of real numbers.

I: IR ~ IR -e 9 : IR ~ IR ~ \5I19f'lli<15log = 9 a I~ ~ I ~~ C~ ~ ~

~I= g?\5!19ABf~ ~~~ffi I c<r~ IR ~~~~~ ~I

c) Let I: IR ~ IR and g: IR ~ IR be two functions given by I( x) = I x I + x,

X E IR and 9 ( x) = I x I - x, X E IR. Find log and 9 0 I where IR is 'the set

of real numbers. 4

I ( x) = I x I + x, X E'IR '{3 9 ( x) = I x I - x, X E IR .

3. Prove that the set of all solutions of the equation xn = 1, where n is a

positive integer, forman Abelian group under usual multiplication, 5

~9 ~ c<r~1~lf<I<tS -.a'"C~ ~~ xn = 1, >1~<tl~C~ ~-.a~ ~ ~~ '6lIC<lfo1-~i"'l

~ ~~, ~~ n ~<!$.~ '1cf>1'~~I

a)

b) Justify whether the following statements are True or False:

i) (IR, • ) is an abelian group, where IR is the set of all real numbers.

ii) Union of two subgroups of group ( 0, *) is a subgroup of ( 0, *).



2 + 2 + 1
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iii) If ( H, *) and (K, *) are two subgroups of ( G, *), then H n K# <p.

~ ( G, *) ~ ~ ~9f'tC"f ( H, *) 'S ( K, *)~, ~ H n K # <p.

not true. 2 + 2 + 2

Ifin a ring (B, +,.), a2= a Va E B, show that 2a=a+a=0 V a E Band

also B is a commutative ring. Give an example to show that the converse is

2a= a+ a= 0, ~ c<f.R ~ a E B-l!]~ i!W!T I '5f@'S ~"1 ~ ~ B l!]<l$ MH)j~:Wllt;jT

~~'1 I ~<l$~~~~ 2a=a+a=0, a E B~ Q2= a, a E Bon'S ~

9f["@ I

Show that ( S, +. • ) is a subring of ( M2 (JR), +. • ),

where S = {( ~ ~): XE IR }, M2 (~) is the set of all real 2 x 2 matrices

and JR is the set of all real numbers. 4

~ 81' ( S, +, • ) ~ ( M 2 (JR), +. • ) ~~~ l!]<l$ ~9f)j'"~'11

~. S = {( ~ ~): XE IR }, M2 (JR) ~ 2 x 2 <oo<f "Yf~~ "ITfir ( ~

l!J~~ JR ~ ~ <oo<f "Yf~~ CJW I



2 + 2 + 1
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If (H, *) and (K, *) are two subgroups oft 0, *), then H n K# <p ..

~ ( 0, *) ~ ~ ~9i'tC'f ( H, *) -e ( K, *)~, ~ H n K # <p.

2 + 2 + 2

Ifin a ring (B, +,.), a2= a Va E B, show that 2a=a+a=0 V a E Band

also B is a commutative ring. Give an example to show that the converse is

2a = a + a = 0, 0T c<!SR ~ a E B-l!]~ iSl"lT I \5ffil'-e ~'1 ~ c<T B l!]<t$ MH~~Wll?fT

~(3"f I l!]<t$ ~"Kr ~ 0NR 2 a = a + a = 0, a E B ~ a 2 = a, a E B rn-e ~

9fT@ I

Show that ( S, +. • ) is a subring of ( M2 (JR), +, • ),

where S = {( ~ ~J:XE IR }, M2 (~) is the set of all real 2 x 2 matrices

and JR is the set of all real numbers. 4

~ c<T ( S, +, • ) ~ ( M 2 (JR), +. • ) ~{3~ l!]<t$ ~~{3"f I

C1I~, S = {( ~ ~): x E IR }, M 2 (JR) ~ 2 x 2 ~ 'Yf~~® m (~ )

I.!l<r~JR ~ ~ ~ 'Yf~~ QW I
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the normal form and show that it is positive definite. 5

5. a) Reduce the real quadratic form 5x2 + y2 + 10z2 - 4yz - lOzx = 0 to

5x2 + y2 + 10z2 - 4yz - 10zx = 0 ~ ~ ~9f(.<IS ~~~ (normal)

~~~~<f~~~~~~~~~~~

s {(X, y, z) E IR3: 2x + y - z = O}. 3

b) Find the dimension of the subspace S of IR 3 defined by

{ ( X, y, z) E IR 3.: 2x + y - Z = 0 }~~ ~ R~

c) Find eigenvalues of the matrix A ~ [-l -l - :J 2
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GROUP-B

( Full Marks: 20 )

( '1cNR : ~o )

Answer Question No.6 and any two from the rest.

~ i{~ ~ '{3 ~ Q:f c<fSR ~ ~ ~ W11

6. Answer any two questions: 2 x 2 = 4

a) Find the equation of the straight line passing through the point ( 1, 2, 3 )
. x y z

and parallel to the line - = -
243

y
4 3

b) Find the direction cosines of the line that makes equal angles with the

Cartesian axes.

c) Find the equation of the sphere which has (3, 4, - 1 ) and ( - 4, 2, 3) as

the end points of a diameter. Find also the co-ordinate of its centre.

c<fSR C'ilIC"f(o<;tS'll~<.1$ ~ 211~P14:~(O~'ll ~ (3, 4, - 1 ) ~<r~ ( - 4, 2, 3) ~

co;lIC"f<;tSfG'll~'l ~<r~ ~ ~ ~ RcTIT ~ I

#
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7. a) Show that the straight lines whose direction cosines are given by the

equations 2l + 2m - n = ° and mn + nl + lm = ° are at right angle. 4

b) Perpendiculars PL, PM, PN are drawn from the point P ( a, b, c ) to the

co-ordinate planes. Show that the equation of the plane LMN is
x Y z-+-+- = 2. 4
a b c

P( a, b, c)~C~ x= 0, y= 0, z='O~~~9@ PL, PM, PN~~

~~I ~~, LMN>j~\5(F'1~ ~'1 x + Y + z = 2.
a b c

8. a) Prove that the lines
x + 1

3
y+3

5
z+5

7

x-2
1 .

y-4
3

z-6
5

intersect. Find their point of intersection and the equation of the plane in

which they lie. 4

3
y+3

5

z+5

7
x-2

1

y-4
3

z-6
~~~

5
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. b) Find the magnitude of the shortest distance between the lines

x y + 1 z-2
and 5x - 2y- 3z -+: 6 = 0 = x - 3y + 2z - 3. A4 3 2

Y + 1 - z-2 .-x
- ~<r~ 5x - 2y - 3z + 6 = 0 = x - 3y + 2z - 3 ~~4 3 2

9. a) Find the equation of the sphere of which the circle

x
2

+ y2 + z2 + 2x - 4y + 2z + 5 = 0, x - 2y + 3z + 1 = 0 is a great circle. 4

8r C~ ~ x2 + y2 + z2 + 2x - 4y + 2z + 5 = 0, x - 2y + 3z + 1 = 0

b) x -1Find the distance of the point ( 3, 2, 1 ) from the line
3

Y
4

z-2

1

4

x -1 Y
==

3 4

z - 2 .
-- ~~ C~<!l ( 3, 2, 1 ) ~ ~ f-fc:fu ~ I

1

10. a) Show that the plane 2x + y - z = 12 touches the sphere x2 + y2 + z2 = 24

and find the co-ordinates of the point of contact. 4
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b) Find the equation of the right circular cone whose vertex is the origin and

axis is the line X = Y = Z and semi-vertical angle is 45°. 4
212

GROUP - C

~~-~

( Full Marks: 25 )

( '1~ : ~<t )

Answer Question No. 11 and any two from the rest.

1l. a) Answer anyone question : 1 x 2 == 2

i) Check whether Rolle's theorem is applicable to the function

f( x) == I x I, X E [ - 1, 1 I

f (x ) ,== I x I \5fC~ ~~ [ ...:.1, 1 I \5l~~:n(P'1Rolle-\!l~~9f~ ~

~f<Fn~~1

ii)
{ 4n + 5} is bounded.

n + 2 n
Examine whether the sequence

{ 4n + 5} \5li<!p~re ~ f<R1 ~ ~ I
n+2 n
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Hi) If f (h)
h2

= f (0 ) + hi I ( a ) + 2r f /I ( eh), 0 < e < 1, find e when

h = 1 and f (x) = (1 - x ) 5/2.

h2
eM f ( h) = f (0 ) + h f I ( 0 ) + 2! f /I ( eh l, 0 < e < 1 ~, ~ e-~~

~ Rem ~ <r~ h = 1 \£l<gf (x ~ ( 1 - x )5 / 2 .

b) Answer anyone question :.
1 x 3 = 3

iJ
xShow that -- < log ( 1 + x) < x, if x> 0.·

I+ x

x~ Ql", __ < log ( 1 + x) < x, <r~ x > o.
1+ x

ii) Find the domain of definition of f (x) where

f(x)

f(x)
loge _5x_-_x_2 ~ f( x) -\£l~~~~ ~ Rem ~ I

4

1
.1.1.) E al t u [si )tan xv uae: x --+ n/2 sm x

Lt ( sin x) tan x -\£l~~ Rem ~ I
x --+ "/2 .
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12. a) By Raabe's Test prove that the series

1 1.3 1.3.5 1.3.5.7 (2n - 1)
1 + - + - + -- + + + is divergent. 4

2 2.4 2.4.6 2.4.6.8 2n

1 1.3 1.3.5 1.3.5.7 (2n :....1) "...+',.,.@. ~
1 + - + - + -- + + + \.CWIII.1\5f"'l"lI~11

2 2.4 2.4.6 2.4.6.8 2n

b) If x n = ( 1 + ~ )n, nEN, where N stands for the set of natural numbers,

prove that the sequence .{x n } is bounded. 3

c) Prove that the sequence {x n } where x n = (-1) n is not convergent. 3

13. a) The function f (x) is defined by

f (x) = 3 + 2x for 3
<x~o

2

33 - 2x for 0 < x s -
2

Show that Jr( x) is continuous but not differentiable at x = o. 3
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l£l~ \5R~ f( x) ~9\ Jf~~

3
f( x) = 3 + 2x 1l~ - - < x s 0

2

3
3 - 2x 1l~ 0 < x ~ -

2

b)
1

Lt (tan x ) x
Evaluate: x ~ 0 -'x-

3

1

(
tan x ) x p,.

~ -l£l~~I'"1~~I'

c) State and prove Lagrange's Mean Value theorem.
1 + 3

14.. a) Find the asymptotes of x3 - 2y3 + xy (2x - y) + y (x - y) + 1 = o. 4

~I

b) Find the envelopes of the family of straight lines of

I 2 2 b2 - bei -Y = mx + V a m + ,m emg parameter.
3

y=mx+~a2m2 +b2-mn~~~-"C.~R~~,~ m

l!:l~~1



2 2Y -x(x-a) =0. 3
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c) Find the position and nature of the double point ( if any) of the curve

square. 3

y2 -x(x-a)2 =O~~ ~9 N-~ ~ ~ N-~ ~ \S ~

R~~I

15. a) Show that the function f ( x, y ) 3 2·Y + 3x y + 5x4 has a minimum

. at (0,0). 3

b) If a function f ( x) is differentiable at the point x = C, show that it is

continuous at that point. Is the converse true ? Justify your answer by

giving an example. 2 + 2

c) Show that the rectangle inscribed in a circle has maximum area when it is a
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GROUP-D

( FUll Marks : 20 )

('1~: ~o )

Answer Question No. 16 and any two from the rest.

16. Answer any two questions: 2 x 2 = 4

co

a) Examine the convergence of f e- x dx, if so, find the value.

o
<Xlf e- x dx >t~I<f.l"'1f&'!l'5l~>tIHl~ ~ ~ I ~ '5l~>tlm ~, ~. ~ ~ R~
o

~I

b) Find, if possible, the value of B (% ' 6).

c) From the relation F ( n +1) = n I"( n), calculate I' (6 ).

r (n + 1 ) nr (n), ~C~ r (6) -\!l~ ~R~~I
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d) Prove that the area of the circle x2 + y2 == a2 is na2.

17.
n/2

.f /
log sin x

a 5

a) Evaluate, if possible
dx.

n/2~~~, ~ f log sin x dX-~~~R~~1
a

b)
00

f e-x2Find the value of dx .

a 3

00

f e-
x2

dx-~~~R~~I_·
a

18. a)
State the relation between Beta function and Gamma function and Use it to1

show that f x 3/2 (1 - x ) 3/2 dx

128a
3n

4

1f x 3 /2 (1 - x ) 3/2 dx
a

3n
128
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b) Determine fI (x 2 + Y 2 ) dx dy, where R is the region bounded by y = 'x2 ,

R
'x = 2, y = 1. 4

ff (x 2 + Y 2) dxdy-~~~R~~, C1-T~ R ~~
R

y = x2 , x = 2, Y = 1 ~ ~ I

19. a)
1t

f fa (1+ cas f) ) ,
.0 r3 sin e cos e dr de.

o
4Evaluate:

1t

f f:(l+caSO) r3 sin 0 cos e dr de

o

b) Find the perimeter of the curve (: r/3 + ( ~r/3 ~ 1. / 4

(ax)2/3 + (Yb)2/3 =l~~R~~1

20. a) Find the volume of the solid produced by the revolution of the upper half of

the loop of the curve y2 = x2 ( 2 - x). 4

y2 = x2 (2 - x) ~ C1-T"I9f (loop)~~ ~ \5Rr ~9fm~ c<m1Wf ~~9ffi" solid-~

~Rcfu~1

b) Find the surface area of the solid generated by revolving the cycloid

x = a ( e + sin e ), y a ( 1 + cos e ) about its base. 4

x = a ( 0 + sin e)', y a ( 1 + cos 0 ) cycloid-f'W,p~ (base) "'1R~ c<m1Wf C1-T

~ (solid)~ ~ \5Rr <l1!l"~tc;;Bl C'4'I!l~G'j R~ ~ I .
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GROUP-E

( Full Marks: 10 )

('1~: ~o )

21. Answer anyone question ;

~ c<Wf 11l~ ~ ~ N.,- g

d3y
Solve; -- - y = 0 .

dx3

1 x 2 = 2

a)

b) d2Find the particular integral of ---f + 4y = x5
dx

2d Y 5 .
-2- + 4y = x -l!l~~~Rcfu~1
dx

c) Reduce the equation d2 d3x2 ~2 + 5x-.lL + 8y = x4 from variable coefficient
- dx dx

to constant coefficient.

d2 d3x2 ---f + 5x-.lL + 8y = x4 ~~ DC'f (variable) ~~ C~ ~
dx dx

(constant) ~~ >j~<f'~W'f '9f@"f\5 ~ I

22. Answer any two questions; 2x4=8

C1l c<Wf ~ ~ ~ N.,- g

d2 da) Solve; ~ - 2-.lL + y = x2e3x.
dx2 dx

d
2
y _ 2 dy + Y = x2e3x

dx2 dx
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b) d2
Solve: ---.lL + a2y = see ax, ( a is a real number ).

dx2

c) Solve:

d) Find the orthogonal trajectories of the family of curves x 2/3 + Y 2/3 = a 2/3 ,

where a is a variable parameter.

x 2/3 + Y 2/3 = a2/3, ( QT~ a ~Cf$ DG'f(variable) 9fmll~'Gl'!l ), ~. C'f.!f

~9f 9f~ f.1~~ I


