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WEST BENGAL STATE UNIVERSITY
B.Se. General PART-II Examinations, 2017

MATHEMATICS-GENERAL

PAPER-MTMG-II
Time Allotted: 3 Hours Full Marks: 100

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

~ ~ ~~.gtff; ~ fitc;(-r Wifl
~ ~ 'Sf.Il1?l7J'1lt 7ffPf ~$ 'i/W
h1r~1

All Symbols are of usual significance.

Group-A

~- .•
[Marks -25]

Answer Question. No. 1 and any two from the rest
~~~\!l~~~-~Ift~~~

1. (a) Write down the sub-sets of the set {I, 2, 3}.
{I, 2, 3}- \!l~~~~~1

2

Or~

Is the mapping f: Z ~ Q defined by f(x) = 2x -1, x E Z onto?

\!l~ ~~ f: Z ~ Q \!l~ii~IC<q~lII\5 ~ f(x) = 2x -I, x E Z I \51!~
~~~~~~cfu~l'

(b) For the sets A, B, C andD, prove that (AnB)x(CnD)= (AxC)n(BxD). 3

~-~~~A,B, C\!l~D\!l~~~ct~~

(AnB) x(C nD) = (AxC)n(B xD)
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Or~

Show that the function I: R ~ R given by I(x) = Ix I, X E R is neither
injective nor subjective.
~~\5[~ I:R~R ~~9f~~ ~ l(x)=lxl, xER I ~~,

\5[~ ~~-~~ \5[~ ~ ~~ \5[~ C<fll~ro~-.ro'l

2. (a) Show that the mapping I: R ~ R given by I(x) = 2x +3 is bijective. 4-
~~ I:R~R ~ l(x)=2x+3~~~~-~~~9jHlfblJl~1

(b) Let I: A ~ B and g: B ~ C be both bijective mappings. Prove that
go I: A ~ C is invertible and (g 01)-1 = 1-10 g-I .

(c) If two mappings I: R ~ R and g: R ~ R are defined as I(x) = 4x-l,
g(x) = x2 + 2. Determine the composite mapping (10 g)(x) where
(log) (x) = I[g(x)]

~ \5[~ f:R~R~'f<. g:R~R (R ~ ~~~) ~f(x)=4x-l
~'f<. g(x)=x2+2 ~ ~~I(/og)(x)~~ ~ f.f~ ~ ~
(log) (x) = 19(x)] I

3. (a) Let G = {I,to,aJ2
} be the set of three cube roots of unity. Show that G is a

group under the usual multiplication of complex numbers.
1~~~ ~ G = {1,aJ,aJ2

} ~ ~ ~, ~ ~~ ~ ~"t'Bf~~
G~~~~I

(b) Let G be a group and H = {y E G :xy = yx, 'if x E G}. Show that H is a
commutative subgroup of G. If G is an abelian, find H.
G ~~ lfQ'f ~'f<.H = {y E G :xy = yx, 'if x E G} ~~ ~ ~ ~ H, G-~~
~~ ~ ~~ (commutative subgroup) I ~ G MM~~C~l'11J~ ~ ~
H~~~f.fcfu~1

(c) Show that the set S = { (~ ~)= a is a real number and a " o} is an Abelian

group under matrix multiplication.
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(lfOIj'6 C'! S~{ (~ ~)=a ,,0 <.!I~a <.!I'l'lhl!'l ~'IJI } c:>iUfhl1il~.~

~"t'Bf~~ I!l~ MM~~C~I')'ij~~ I

4. (a) Let «(/;, +, -) be the ring of complex numbers under usual addition and
. multiplication. Verify whether the set D = {z: z is a complex number and

1z 1= l} is a sub-ring of «(/;, +, .) under usual addition and multiplication

ttm ~, «(/;, +, .) I$ft&iijl'j~~ ~ ~ '€ ~"t'Bf .~~ I!l~ ~I
D={Z:ZE'(/;I!l~ Izl=l} 1!l~~1 ~<ron~~~~~~'€
"@"t'Bf~~ D ~ «(/;, +, .) I!l~ 1!l~~~~1

(b) Let R be a ring with unity element 1. Show that (-1)(-1) = 1.

1!l~~~R-I!l~ I!l~~~ 1.~ ~ ~ (-1) (-1) = 1

.(c) Defme field.
~ ~il1!tif1'6 I

5. (a) Find the eigenvalues and eige~vectors of the matrix A ~ [-4
2 :l

[-2 4]A = 4 4 -I!l~ ~~~ I!l~ ~~ ~f~l'j~~~~<ron I

(b) Show that B = {(l, 2, 1), (0, 1, 0), (0, 0, I)} is a basis of R3. Express the vector
(1,2,3) E R3 as a linear combination of the basis B.

~ ~ B = {(1,2, 1), (0, 1,0), (0, 0, 1)}~ ~ OMR3_1!l~ ~~ R-I!l~ I!l~

~~~I ~ (1,2,3) E R3 -~~B-~~~ l'jl~C~J~<ronl
(c) Find the symmetric matrix corresponding to the real quadratic form:

x2 + y2 + Z2 + 4xy + 2xz + 4yz

x2 + y2 +Z2 +4xy+2xz+4yz ~ ~ \5I~I~t&~iSfOU ~ ~ltb~t& ~~
<ronl
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Group-B
~-~

[Marks -20]
Answer Question. No.6 and any two from the rest

~ ~ ~ I!I~ ~ ~-~ !fU ~mlft'G

·6. Answer any two questions from the following:
M~M~ ~-~ !fU ~mlft'Gg

(a) Show that the points (4, 5, 0), (2, 6, 2), (2, 3, -1) are the vertices of an
isosceles triangle.
~ ~ (4,5,0), (2, 6, 2), (2, 3, -1) ~~ I!I~ >1~N<l~IJl~CIS:Bl~~ilil

(b) Find the direction cosines of the line joining the points (1, 2, -3) and
(-2,3, 1).
(1, 2, -3) I!I~ (-2, 3, 1) ~ ~ ~c~t\Si~~t~ ~ c~t>1~~ ~~ ~
~~~I

(c) Find the equation of the sphere through the circle x2 + l + Z2 =25,
x + 2y - z + 2 =0 and the point (1, 1, 1).

x2 + y2 + Z2 = 25, x + 2y - z + 2 = 0 ~~ I!I~ (1, 1, 1) ~~ ~ta,~fij~
~'t~~~1

7. (a) Find the length of the perpendicular from the point (4, -5, 3) to the line
x-5 y+2 z-6
--=--=--3 -4 5

€r.w x-5 y+2 z-6 .•~~ ~~k(4,-5, 3) 1"'i'J,~ --=--=-- >1~a,C~~lIl1"'<l~~I."{~ 1~"1~~13 -4 5
(b) Find the equation of the line which intersects each of the two lines

9x+ y+z+4 = 0 = 5x+ y +Sz and x+2y-3z-3 = 0 = 2x-5y+3z+3

and is parallel to x = y = ~ .
234

~ >1~a,~~ 9x + y + z + 4 = 0 = 5x + y + 3z I!I~

x+2y-3z-3=0=2x-5y+3z+3 ~ ~ ~ I!I~

~ >1~t~~ta"~~'t~~~1
4

x y z
-=-=-
234
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8. (a) Explain the equation of the plane 4x + 8y + z + 9 = 0 in the normal form. 4
Hence obtain the length of the perpendicular from the origin upon the plane.
4x + 8y + z + 9 = 0 )j~\!)Ca,'S1~~ ~-"6l1~lC'S1 ~ ~ I U1~~ ll,G4M",!
~)j~\ba,tG'S1~~~M~~~1

(b) Find the equation of the plane through the line of intersection of the planes
x - 2y +3z - 4 = 0 and 2x + y - z + 5 = 0 and perpendicular to the plane
5x+3y+z = 2.
x-2y+3z-4 = 0 U1~ 2x+ y-z+5 = 0 )j~\ba,'1J& ~ ~ )j'S1a,C'S1~~
~, ~ )j'S1a,C'S1~~ U1~ 5x + 3y + z = 2 )j~\bca,'S1~~, )j~\ba,tG'S1~'t
~~<mnl

4

9. (a) The plane x + 2y + 2z = 6 meets the coordinate axes in A, B, C. Find the
equation of the sphere OABC, 0, being the origin. Determine also the centre
of the sphere.
x+2y+2z=6, x, y '8 z ~ !\biitGC~ ~ A, B '8 C~ ~~I '0'
ll,G4M",!~ OABC C"'U(ij~tG'S1~'t~~~ I C'illa,~tG'S1~ ~~?

(b) Find the equation of the sphere whose centre lies on. the line
x+I y-3 z+2
-3-' = --=--4 = -5- and which passes through the points (3, 4, 5)and

(-3,0, 1).

(3, 4,' 5) U1~ (-3, 0, 1) ~~ ~ C'>l1a,~tG'S1C~QfM"'i x +1= y - ~ = z + 23 -4 5
~~~"6l;q~I~~'t~~~1

4

4

1O.(a) Find the length and equations of the line of shortest distance between the
lines x + 3 = y - 6 =.:.. and x + 2 = y = z - 7 .

-4 3 2 -4 1 1

4

2099 5 TurnOver

•



B.Sc./Part-WGen.IMTMG-W1017

(b) Find the equation of the sphere that passes through the points
(1,0,0), (0, 1,0), (0, 0, 1) and touches the plane 2x +2y - Z = 15.

(1, 0, 0), (0, 1, 0) ~~ (0, 0, 1) M"'r~~ C'ill6j~tt2x + 2y - Z = 15 >1~\!)6jttc~
~~~~'tf.t~~1

Group-C
~-~

[Marks -25]
Answer Question. No. 11 and any two from the rest

~~ ~ ~ ~~ ~ ~-~ ~ ~~1if1'(3

11.(a) Answer anyone question from the following:
M~~~~-~IS1cr$ ~~1if1'(3:

(i) Does the limit lim {x2 + ..J x-I} exist? Justify.
x-+l

lim {x2 +..Jx-l} ~~ltt~~~f.Wm~1
x-+l .

(..) P th th . 1 1 1 . d .11 rove at e senes - +- +- +...+... IS convergent an Its sum
1.3 3.5 5.7

. 1
IS -.

2

. 111 ~f8~ 1~'t~~ -+-+-+ ...+...G!t"1I1"1!il >1t~~~~~q6j-
1.3 3.5 5.7 2

(iii) Show that: x> sin x, for °< x < tr/2.

~0<x<tr/2 ~~~~ x>sinx.

(b) Answer anyone question from the following:
M~~~ ~-~ 1S1~ ~~1if1'(3:

(i) Let f(x) = log (1+ ax) -log (1- bx) .
x

Define the function at x = ° so that f(x) is continuous at x = 0.

2099 6
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~ ~, f(x) = log (1+ax)-log (1-bx) I x = 0 ~ ~YfiJFCl$lt,~
x

~~~'StC<l~~~~~~ X=O~~~I

(ii) Show that the sequence Xn = 1 is bounded. Is it convergent? If so
. 5+6n

find its limit.

(Hi)Evaluate: lim{! _ 2 } .
%-+0 X x(eX +1)

12.(a) Use Cauchy criterion to show that the sequence {xn} defined by 4

1 1 1 1 . dix = +-+-+ ... +- IS ivergent.
n 2 3 n

Cauchy criterion ~~ $ft~c~ ~ ~ x = 1+! +.!. + ... +.!. '6IilJli~1t~~ I
n 2 3 n

X x2 x3 X4
(b) Test the convergence of the series 2" + 2" + -? + 2" + ...

1· 2 3- 4 '
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13.(a) State and prove Cauchy's Mean Value Theorem.
Ca~chy's Mean Value Theorem ~~$It'f~l .

(b) Expand f( x) = sin x in powers of x in infinite series stating the condition
under which the expansion is valid.
f(x) = sin x ~9j'1f'~ltc~ x -~~ ~ ~ G!t~ mm ~ I ~ ~ M~t~1t
~~~~l

(tanx)~(c) Evaluate: lim -- .
x--+o X

1

~~~~~~g lim(tanx)-;.
x--+o x

14.(a) Examine for the existence of maxima or minima of the function
J(x,y) = x3 +3xy2 -15x2 -15y2 + 72x.

J(x,y).=x3+3xy2-15x2-15y2+72x ~9j'1f'~\U~ ~ '8 ~ ~ ~

~~l

(b) Find the asymptotes of the cubic: x3 - 2/ + xy(2x - y) + y(x - y) + 1= O.

x3 -2/ +xy(2x- y)+ y(x- y)+I=O ~ ~~'f )!~a,C~~ ~~

~l

(c) Find the envelope of the straight lines x + y = 1, where 'a' and 'b' are
a b

variable parameters connected by the relation a + b = c, c being a non-zero
constant.

x +y =1 )!'Aa,C'A~~~~~~~9jHl;q\6'~~~'a'~~ 'b'
a b
~ a+b s=c, c:;eO ~<I51t~, ~~~l

15.(a) Find the maximum value of x3y2 subject to the constraint x+ y = 1, using
the method of Lagrange's multiplier.

Lagrange's multiplier method -~"A' )!t~C~J, x + Y = 1 ¥f'\t ~~, x3i
~9j'1f'<l5tt'A~ ~ ~~ ~ I

2099 8
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(b) Examine the nature of the origin on the curve X3y + X3 + 2X2 y - y2 = O.

X3Y+X3 +2x2y- y2 =0 ~~~~41MiIi!.~~~~1

(c) If a function.f{x) is differentiable at a point x = c, show that it is continuous
at that point.

~ .f{x) ~~ x = c ~ '6l~~~6j~C~I~~, ~ $il't ~ (A, ~ ~ .f{x)
~~~~l .

3

2

Group-D
~-~

[Marks -20]
Answer Question. No. 16 and any two from the rest

~~ ~ ~ ~~ ~ (A-~ ~ ~mlf1'{3

16. Answer any two questions from the following:
M••.•l6lm (A-~ ~ ~mlf1'{3~

(a) Does the improper integral j~ converge? Give reasons.
IX

2x2=4

OOdxf -2 ""I:I"~m:I~""'6j=~rir.t&~ '6lNs)flm ? ~ lf1'{3I
IX

(b) Define Beta and Gamma functions.
f.irot -e ~~~ ~~lft\S I

(c) Find if possible the value of B (~ , 6)

~~~ B(~,6)-~~~"R~~1
(d) Find the area bounded by the parabola y2 = 4x and its latus rectum.

y2 =4x ~~~~~~INs6j~~~~I<l~~C'lNl~6j"R~~1
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tr/2

17.(a) Prove that B(m,n)=2Jsin2m-lOcos2n-lOdO;(m,n>O) and hence fmd the
o

value of B(~, ~).
tr/2 (1 1)~'t~ B(m,n) =2 Jsin2m-lOcos2n-IOdO;(m,n > 0) ~~ ~~ ~ B -,-
022

~~ 11tif f.%~~ I

(b) Apply f.J -test to examine the convergence of the integral j dx Fx
1 (1+x) X

00 dx
f.J -test ~~ J Fx ~~ 1bI~111Bi~~~ I

1 (1+ x) x

18.(a) State the relation between Beta and Gamma functions and use it to show that
1 3 3 3J x2(1_X)2dx=~
o 128

~11l~ 'S1t1It~~11t~~~I!l~ ~~ 111~tAJ~~
1 3 3 3Jx2(1_X)2dx=~
o 128

(b) Find the perimeter of the circle x2 + y2 = a2 .

x2+y2=a2 ~~~~~I

tr a coso

19.(a) Evaluate: J JrsinO so dr
o 0

tr a coso

11tif ~~ <m1t: J J r sin o se dr
o 0

(b) Find the area bounded by the parabolas x2 = 4y and y2 =4x

x2 =4y ~~ y2 =4x ~~~3fl~I<l~~C~*dj~~<m1t1

2099 10
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20.(a) Find the surface area ofa sphere of radius 'a' unit.

~C'l1I6jC<P'Sl~ 'a' ~~~ <lJ!O\!lC"1'S1C'lNl~6j ~?

(b) Find the volume of the solid generated by revolving the cycloid 4
x = a (0 + sinO), y = a (1+ cosO) about the x-axis.

x = a (0 + sinO), y = a (1+ cosO) ~~cw:sttC<P x ~ ~~ '6l1<l~ ~
~ '<To:{~~9ffl ~ ~ \5Il~\!lii ~cfu ~ I

4

Group-E

~-~
[Marks -10]

21. Answer anyone question from the following:

M~M~~-~ 11I~ ~w~p~l'eg
z-: =2

d2

(a) Solve: ---? = sin ' X
dx

d2
~~<ffiftg --.E. = sin" x

dx2

(b) Find the particular integral of the differential equation

(D2 + 2D+ 2)y = xe ",

(D2+2D+2)y=xe-x ~~~~>1~I<p6j~~1

d2 dy
(c) Solve: --?-4-+4=O.

dx dx

d2y dy
~~<ffiftg dx2 - 4 dx + 4 = O.

11 TurnOver2099



B.Sc./Part-WGen.IMTMG-W1017

22. Answer any two questions from the following:

M~M~~-~ 7Jft ~m~:
d2 dy

(a) Solve: ~-2-+ y=x2e3X

dx' dx

~~~: d
2
y -2 dy + y=x2e3x

dx2 dx

d2 dy
(b) Solve: x2

;, + 5x dx + 4y = X4

d2 dy
~~: x2~+5x-+4Y=X4

dx' dx

4x2 = 8

d2

(c) Solve: -{+y = cos2x
dx

d2

~~g -{+y=cos2x
dx

(d) Find the orthogonal trajectories of the family of parabolas y2 = 4ax , a being
a parameter.

y2=4ax,a~,~~~-~9f~~~~1
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