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

PART - 11
MATHEMATICS — GENERAL

Paper - 11

Duration : 3 Hours | [ Full Marks : 100
The figures in the margin indicate full marks.

AFE RN 2 NET (1o |

Group - A
et -3
[ Full Marks : 25 ]
[ = : 25 ]
Answer Question No. 1 and any two from the rest.
1 7 o 8 W) (T (I Ko A7 Ted e |

If D, E, F are three non-empty subsets of the universal set X, then prove that
(DUEUF')Nn(DUE'UF')=DUF’. 2

X @¥f6 universal GG I® D, E, F, X-a3 fA6 o1 S0H 28 ©F@ o9 399 ¥
(DUEUF')n(DUE'UF')=DUF',

OR/94l
Let A={1,4}and B= {4, 5} Verify whether P(A)uP(B)=P(Au B),
where P ( A ) denotes power set of A.
MM A={1,4,9 B={4,5}%F, SR® P(A)uUP(B)=P(Au B) FEba 5ol
612 %, (FAH P A), (6 A-99 power set BiFe 3@ |

Let f: R - R (R is the set of all real numbers) be a mapping defined by
f(x)=sinx, x € R. Is the mapping bijective ? Justify. 3

@36 B@9 f: R > R (R %% IWI MAR C6) @@ IS @ f(x)=sinx
@A xe R | badlt 5 av-az Toifafoad » Semz Foew e e |

OR /34l
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2 a)
b)
c)
3 a)

Prove that a group ( G, * ) is commutative if a=a"!, VaeG, but the

converse is not true.

oA FFF (T @6 7 ( G, * ) Rfm@er 2@ W™ vaeG, a=a! W @ WA

@ wafo RNTIEn 28 a=a! (Vae G) T8 S ATE|

Let f: A— Band g: B — C be two surjective mappings. Then show that g o j
is also surjective. 2

f:A— B@3 g: B— CHib Sofafbad 1 I (@ g o f8 @3fb Toifafoae |
Show that the mapping f: R - R defined by f(x)=7x-5, VxeR i
bijective. Find 1. :
f: R R fo@ift @39 O1@ M@ @ f(x)=7x-5, Vxe R, ¥ A foweifb «ah
a%-9 Sofafbad ) f! foaef Fefy =

VxeR

- g sabxeal x 20
If f(x)=x" and g(x)—{_x’ F40

where f: R > R and g : R - R are two mappings, ( R is the set of all rea
numbers ), is the product of the mappings fog is commutative ? Justi
your answer.

W% Bat f: R > R&R® g: R > R O O M®® @ f(x)=x* &

g(x)={x_—xl’ ’;ig,VxeR (R 3% 7 TR G6) | ©@ foadt qfba @4, fof

f RfFaEen 2@ » Tewe ForE e W)

Let (M;(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 ((cz Z) with ad -bc=

under the operation ' * ' is a subgroup of (M;(R),*), where R is the set of &

real numbers and ' * ' denotes the usual matrix multiplication.
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T A R AT AW AW G @R (M, (R),*), R-99 T &[S 7T 2 x 2,

non-singular BB (matrix) ¥e(P bTe I@I G, T 2 x 2, AW AR A

(matrix) (g d) -4 G, A ad-bc=1. I T ( G, *), (MQ*(R),*)~61§ 93

Tt (IR ' * AYIF matrix multiplication-93 9@ ifee v@ |

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

QIS A (H *), (G *)TER @0 ToweT | 19 IF4 (T ( H, * ) Tomaina
identity element ¥&1 ( G, * ) %6 identity element.

In a group ( G, * ), show that ((a*b)*b)*((a*b)"l*a)=a*b, Va,beG.
AP (G, *) 90 71| (W @ ((@*b)*b)*((a*b)  *a)=a*b, Va,beG.

Does the set of all irrational numbers form a group under usual addition ?
Justify. 2

AP e M G6 LR QAR WA Seeies @3l 7@ o7 o@ 2 Tes
oreE e e |

Let Z[i]={a+bi:a,beZ} where Z is the set of all integers and i=+v-1.

Considering Z [ i | to be a commutative group under usual addition, show
that it is a commutative ring under usual addition. and multiplication. 4

QN AP, Z[i]={a+bi:a,beZ} @A Z 71 I3 MR CHe Hire 3@ @z
i=J=1. Z[i], R Q@R FIER Sees @3 [fasa@en @ o7 3@ @b
4@ N R (@ Z [ 1] THR9 @19 @38 @R NI SAeees 3 [y sase
5167 I |

In a ring R, prove that (-a)(-b)=abVa,beR.

AN IFA (T @I N9 R-@ (-a)(-b)=abVa,be R &0 7oy 271

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

QAR (z,+,.) TP TS TMAW F87 @R [ ={kn:kez} 90 Cb I

n, z-99 N SRS @ @FF 90 TS WA @ T (I ,+, ). (2,+,.) -9

n

6 TSNS | 3IFT FOTT THAYST 199 I I 2
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3. a) State the Cayley-Hamilton theorem. If A=(é i), use the theorem to

express the matrix polynomial 2A% -7A°% +7A2-504-107] as a linear
polynomial in A. 1+4

Cayley-Hamilton Toioiwifs fge w11 w1 A:(é 3); oRE Soemifa

RIS 2A% -7A°% +7A% ~50A-10I matrix polynomial-B A>nfw (matrix)

ANACF QI linear polynomial RGIE 2™ T |
Write the vector «a=(1,7,4) as a linear combination of the vectors
o, =(1,-3,2) and a, =(2,-1,1) in the vector space V3(R), where R is the

field of real numbers. 2
T I R, AT AW WA CFG | Vi(R) (39 (Y, a=(1,7,4) (o3

a; =(1,-3,2) @R a,=(2,-11) (589 T linear combination RFIE oM
FEA |
Show that the set B={ (1, 2,1 ), (0,1,0), (0,0, 1)} forms a basis of the
vector space R® over R, where R is the field of all real numbers. 3
M AB={(1,2,1),(0,1,0), (0,0, 1)}l o33 o™ R3-97 @4 R-93
96 fefe 9107 @ @IE R e a7 M7= o |

Group - B

faet - 9
[ Full Marks : 20 ]
[ ‘Pfffn?{ :20]
Answer Question No. 6 and any two from the rest.
6 2 2P @ T (W (I Kb &ATHT T&F v |
Answer any two questions ; ' 2x2=4

@ I 76 efeE Ted e

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

G0 @A 2% G2 - H-9F O IAGE 60° 8 45° (Pl Teog IE|
A @A @R emafer = Ffa w2
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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 NN AR @32 (2, 1, 1 ) oo Ao sl
Aefa T | iR c¥ee el et yae et %

2

Find the equation- of the sphere through the circle x +yQ+z2

X+ Yy-2z=4 and the origin.
TR @3 x? +y?+22=9, x+y-2z=4 IS ML AP [efy

FFA |

Find the equation of the plane through the point ( 2, 5, - 8 )
perpendicular - to each of the planes 2x-3y+4z+1=0

4x+y-2z+6=0.
2x-3y+4z+1=0 @G 4x+y-2z+6=0TM0oa ATOIHA ToHF =

(2,5, - 8) R FTre=Afoa A9 ey % |

x—2=y+1=z—3
4 3 5
x+2Yy+3z-9=0=2x-y+2z-11 are coplanar.

Show that the straight lines and

N @ x;2___y;1=z;3 R x+2y+3z-9=0=2x-y+2z-11

FREENHG QPR O THS |

Find the equation of the plane which bisects the acute angle between the
planes x+2y+2z=9 and 4x-3y+12z+13=0. 4

Xx+2y+2z=9 @I 4x-3y+12z+13=0 MDA T Tesm PHEHA
@SSP FIGR TP HofT T |

Find the magnitude of the shortest distance between the straight lines

y+1_z-2

5 and 5x-2y-3z+6=0=x-3y+2z-3. -4

@3 5x-2y-3z+6=0=x-3y+2z-3 ERIAMHI T
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9. a) Find the equation of the sphere passing through the four points ( 0, 0, 0 ),
{0, 1,.-1 ), (=1:2-0), (1,23} -

(0,0,0),(0,1,-1),(-1,2,0), (1,2, 3) = ¢reraia sidieae 7 I

Find the equation of the plane containing the straight line

x+3_Y-2 z-1

= = X=1 9% -5
2 -2 3

1 2'—3'4

and parallel to the straight line

x1"1=y;4=z‘35wanﬁa NI @8 x;3=y'22=z;1 SR

ANSA0d TRNFAY AT 3 |

Find the equation of the sphere whose centre lies on the straight line

x+l_Y-3 :z+2
3 -4

( —3) O, 1 )- 4

(3,4,5) 93 (-3, 0, 1) Epeml cnreeha sfiegd {7 I9 (@4

xgl = y“43 = z;fQ TRARME T w1 |
Find the equation of the sphere for which the circle

x2+y2+22+2x—4y+5=0, x-2y+3z+1=0 is a great circle. 4

and which passes through the points ( 3, 4, 5 ) and

G G TR NP9 NofT T T MOTF x2 +y? +22 +2x -4y +5=0,
y

x-2y+3z+1=0 Jb GIH IR |
Group =8
et - o
[ Full Marks : 25 ]
[ = : 25 ]
Answer Question No. 11 and any two from the rest.
11 7R 2% 8 O (P ¥ib 20d Ted e |
11. a) Answer any one question :
@A @ @b 2ran Ted e :

i) Is Rolle's theorem applicable to f(x)=tanxin (O,n) ? Give reasons

for your answer.

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




7 MTMG(GEN)-02

(0,m) SWAME f(x)=tanx SEFIOCS Rolle-ad oo ecwren fF 2

ez Tex A |

Show that the sequence {x,} where x = — 1

joeiy
1272333 """ n+))

is a monotone increasing sequence.

s gale il ST N CIC! S ISl
M0l Al i o Ve o g

AL |

x-2

Find the domain of definition of f(x) where f(x)= ere

f(x)=‘/ ::)26 SrFFHI T@H T2 e 7 |

Answer any one question :

@ @ a6 AT Ted WA -

x—0 2

Find the value of lim (—15-— 1 )
x sin” x

x—>0 X2 Sin2

T [y 36 - lim (L——l—)
%

i) If f(x)=2|x|+|x-2], find f'(1).
fix)=2]|x]|+]|x=-2], f'(1)-93 Y= =7 T2 |

iiij  Prove that a convergent sequence is bounded.

oI T (T WG AE T |

Lt

(/G : 3 ;
R =1, where nis a +ve integer.

Prove that

n GG RS LT ZE AN IFA (T nffwnl/"=1.

R0

Examine the convergence of Z—n—-'—
n!

n=1

(* o]

n
Z%'— ffo wfemias =¥ 41
n=1

[SUB-B.A./B.Sc.(GEN) MTMG-6077 | [ Turn over




MTMG(GEN)-02 8

c) Use Cauchy criterion to show that the sequence {x } defined by
s e e g Sa
x, =1 2+3 4+...+( 1) = is convergent. 4
Cauchy criterion &WI* @ {x, } 31?1@5153@5, [RE ]
S ol | n-11
=l-—+=-=+..+(-1 =, SIS @A |
x, =1 ) i 372 +...+(=1) =
13 @) df f= asinx_aingx .. finite, find the value of a and the limit . 3
x—>0 tans
an” x
L asinx - SIN2X S 5w, o-0F AW A R 932 GrowTa R T el
tan® x
PEA |

I+x,:0<x<]

b) If f(x)=<X2-x, 1Sx<2
x2

X—T, x> 2

Examine whether f(x) is differentiable at x = 1. Is the function continuous

at x = 1 ? Justify. 2'+2
1+% 0<x<l

f(xX)=<22=x: 1S x<2

X - %— X2
TR x = 1 Rre Iazemw@en e o/ s 3| Ao x = 1 e e
2@ o 2 oo T
c) Expand e* in ascending powers of x with remainder in Lagrange's form. 3

e’ (P x-99 U9 CHGE Lagrange-99 Remainder faf@ cifice ﬁ@@ PEN |

yl,

14. .a) Find the envelope of the family of straight line §+T)-= where the

parameters a and b are connected by the relation a?+b%2=9. 3

§+%=1 A (NBIR sifaopfas oy IF @A ARISTA ABa1 @ @32 b,

a? +b? =9 ¥F A I |
b) Find the rectilinear asymptotes, if any, of the curve

x(x-y)?-3(x?-y?)+8y=0. 4
x(x-y)?-3(x%2-y?)+8y=0 IFEMI =2 FIeT@Y [T 3% |
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Find the extreme values of f(x,y)= 2x? —xy+2y2 -20x. 3
f(x,y)=2x? - xy +2y? - 20x -9 537 1 AN T FF 1 |

15 &) For a given volume of a right cone show that, when curved surface is
minimum, the semi-vertical angle is sin”! (—-I—J 4
J3
At srwen RFR @b o7 g7 IrerE™ cvawe Frow 2@ @ (1 Y- @6l
coeyr
TW@ sin!|—==|.
[./5 J
b) In the Mean value theorem f(h)= f(0)+hf'(6h), 0<0<1, show that the
limiting value of 6 as h » 0 is % when f(x)=cosx. 3
NN WA SANTT  f(h)= f£(0)+hf'(6h), 0<0<1, h>0 TE N @ 6-93
ATE —;— 49 f(x)=cosx.
c) Show that ( 3, 2 ) is a double point on the curve
22 y2 ~Tx% 4y +15x-13 =0. Find the nature of the double point. 3
@I @, x3 -y?-7x% +4y+15x-13 =0 IEFT ToF W% ( 3, 2 ) T 9=l
a1 @ fa-Reifbr ergfe fefa w27
Group - D
faert -1
[ Full Marks : 20 ]
[ #f=1 : 20 ]
Answer Question No. 16 and any two from the rest.
16 72 2 8 O (T (PN Wb oA Te ey |
16. Answer any two questions : 2x2=4
@A @H ¥fb esn Ted e
1
a) Examine the convergence of I 273 . If so, find the value.
0 X
1
J' g)/‘a a7 SfeTfie o s @8 SRR 2 G S ey w6 |
X

0
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12
b) Evaluate IIx3y dxdy.
00

1.2
IIx3ydxdy—£§ T ety |

00

Find the length of the curve y =logsec x from the interval x=0 to x = %

x =0 (A= x=% WFAE, y = logsec x IFEAA iy el 37 |

o0
2
Find the value of I e * dx.

-0

T 2
j' e %" dx -a3 T Fefy T2 |
-®

n/2
Prove that B(m,n)=2 Isin2m_160052"‘19d9(m,n >0) and hence find the
0
valueofB( ,%) SEE
/2
oY IFT @ B(myn)=2 Ism2’"“ecos2"“ede(m,n>0) @32 99 QF
0

B (%,%)-aawﬁcmwm

Define the relation between Beta and Gamma functions and hence prove
1
that r(-2-)=,/? 1+3

-( 1
Beta 8 Gamma SUPFba 57oor et @ @z M1 et v v (1 )= /7.
Find the area of the circle r = 2asin®.
r =2asing Jea cFage Aoy 3% |

Evaluate I(x+y)dxdy over the region R bounded by x20, y20,
R

x+ysl. B
x20, y20 @R x+y<1 TR NAR% CFa R 267 H(x+y)dxdy-aamﬁc@

R
PEA |
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19. a) Find the area above the x-axis included between the parabola y2 =ax and
. the circle x2+y2=2ax(a>0)‘ 4
x SCHY TEA e SRRS y? =ax WRYE ¢ x?+y?=2ax (a>0) J& WA
R (A CFaFe Aoy 394 |
b) The circle x? + y2 = a? revolves round the x-axis. Find the surface area and
volume of the whole surface generated. 4
x SCHI AMETH x2 + y? = a? o AR 3@ @ (Fa@ Teom 27 o ToifFerEa
CHAT @ GTe [T % |
20. a) Examine the convergence of the improper integral Iﬂg——xdx : 4
T X
P T ILr‘zldx-aa wfefae Sifrw 32|
x
xdx 1 DB |
h j spi2l 4
b) Show that ‘/___ = (52)
xdx 2% |
@ e
2 J. / ( 5’2 )
Group - E
faei - e
[ Full Marks : 10 ]
[ : 10]
21. Answer any one question : 1x2=2
@A @ @30 287 Ted A :
dgy
a) Find complementary function of differential equation ek 4y =sin2x .
dx

d2

7 +4y = sin2x SR TNFRUA 7T AorwE Fefy 536 |
dx
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22.

b) Solve: —% =

c) Find the particular integral of the differential equation

Answer any two questions : 2x4=8

@ @ %6 o3 Ten s -

2
a) Solve : ii—%+4y=xsin2x.
dx
d2y
AL FEA - ——E+4y=xsin2x.
dx
2

b)  Solve: d—-%——-y=2,giveny=—1 when x = 2 and d—y=3 when x = 1.
dx dx

d?y dy
T FFH 1 —5 —y=2,8MC y=-1TFMx=2 6 —==3 ¥ x= 1.
dx dx

3 2
c) Solve : x3d—g+2x2ﬂ2/-+2y=10(x+—1-).
dx dx %

: 3 2
s e : 399 40,287 o010 (x+l).
dx® dx? x
2 y2
d) Find the orthogonal trajectories of the family of curves ,f o =1,
a“+\X b°+A

where A is a parameter.

2 2
X~ .Y 1, | @@ A @3 571 (parameter) |; I@ B 7TH oATHS oY
a2 +d b2 ¥

fAefy v |
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