B.Sc./Part-I1/Gen./ MTMG-11/2017

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

MATHEMATICS-GENERAL

PAPER-MTMG-II
Time Allotted: 3 Hours Fuli Marks: 100
The figures in the margin indicate full marks. &N A7 JgE YT e e ¥
Candidates should answer in their own words ' KTz fArers SR e F6T TN Y
and adhere to the word limit as practicable. Tex T

Al Symbols are of usual significance.

®
Group-A
et
[Marks -25]

Answer Question. No. 1 and any fwe from the rest
S TR e @R O (F-(IIA Y 2ead Te we

1. (a) Write down the sub-sets of the set {1, 2, 3}. 2
{1, 2, 3}- @3 Tozvaf forgm

k
i

Or/a%3t
Is the mapping f:Z — Q defined by f(x)=2x-1, xeZ onto?

G0 AFE £:Z > Q GNOIR FWBS @ f(x)=2x-1, xeZ | THHH0
Toifd worss o Refa s

(b) For the sets 4, B, C and D, prove that (AmB)x(CnD)=(AxC)m(5xD), 3
@~ 51 316 4, B, C @R D &3 &) &N FCA (T *
(ANB)x(CAD)=(4xC)N(BxD)
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Or/oi9dt

Show that the function f:R-—> R given by f(x)=|x|, x€R is neither
injective nor subjective.

@F0 SWAWE £ R > R 9@ MBS @A f(x)=|x|, xR (W8 @A,
TAFRH GF-9F JFS 3l TAR SrwS @AHE T

2. (a) Show that the mapping f:R — R given by f(x)=2x+3 is bijective.
@AE@ f:R—> R @A f(x)=2x+3930 9F-93 T

(b) Let f:4—>B and g:B—>C be both bijective mappings. Prove that
gof:A—>C isinvertibleand (go )" = f ' og™.

(c) If two mappings f:R—> R and g:R—> R are defined as f(x)=4x-1,
g(x)=x>+2. Determine the composite mapping (fog)(x) where
(fog)(x)=flg)]

7% WwF SR> RER g: R—R (Rwamwmﬁ) @A f(x)=4x-1
GR  g(x)=x*+2 @l wwﬁm(fog)(x)aa T fafs s @
(feg)(x)=flg)]!

3. (@) Let G={l,m,@"} be the set of three cube roots of unity. Show that G is a
group under the usual multiplication of complex numbers.

1 93 95 B G = {1, 0, 0°} A (e Giber IR BTSSR AATH
G @3fb 7o 2

(b) Let G be a group and H ={yeG:xy=yx,VxeG}. Show that H is a
commutative subgroup of G. If G is an abelian, find H.
G @3 ¥ @R H={yeG:xy=yx,VxeG} 93 6 @M @ H, G-
@@l RfFsEamy Toe (commutative subgroup) | 3 G RfFsacar w1 & o=
H a3 w+ fada e

0
(c¢) Show that the set S = {(: OJ :a is a real number and a # 0} is an Abelian

group under matrix multiplication.
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e @ S={(g gj:aqeo IR g G AVI WYY } ool s abfers
QR ACACF 3 ety v 2

4.(a) Let (€, +, ) be the ring of complex numbers under usual addition and 5+3+2
multiplication. Verify whether the set D={z:z is a complex number and

|z |=1} is a sub-ring of (€, +, ) under usual addition and multiplication

@ IF, (¢, +, ) COPRYF bfere AP 8 VR AATE IO TS|
D={z:zeC R |z|=1} 4 6| IGR IR @ & YR &A6flere @9 8
QR AATE D G (¢, +, °) 97 930 Towee| '

(b) Let R be a ring with unity element 1. Show that (-1) (-1)=1.
@b N R-97 9T TAMD 1 2T (A8 @ (1) (-1) =1

(c) Define field.
LIS IR WIS |

| 44
5. (a) Find the eigenvalues and eigenvectors of the matrix A4 = [ * 4:] : 4+4+2

4
(b) Show that B = {(1,2,1), (0,1,0), (0,0, 1)} is a basis of R>. Express the vector
(1,2, 3) € R? as a linear combination of the basis B.
@Ae @ B={(1,2,1),(0,1,0), (0, 0, 1)} 6 (=37 (= R>-97 7 R-97 43>
& ot 31 (97 (1, 2, 3) € R® - Tof6 B-7 (oo MRy & 3

(c) Find the symmetric matrix corresponding to the real quadratic form:

A=[_2 ﬂ -7 LA WA @R 2 (SFPTR A e

* +y2_+vz2 +4xy+2xz+4yz

> +y*+ 22 +4xy+2xz+4yz A% femre SR o afes it Mo
AN
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Group-B
R4
[Marks -20]
Answer Question. No. 6 and any fwe from the rest
Y TR & GR O (F-CPA! §15 20 Tew wie

i Answer any fwe questions from the following : .
i @-ieat 77 eivis Ten wiss
(a) Show that the points (4, 5, 0), (2, 6, 2), (2, 3, —1) are the vertices of an
isosceles triangle.

8 (& (4, 5, 0), (2, 6, 2), (2, 3, —1) ™ oot w=fb sfeare fagrem MR
(b) Find the direction cosines of the line joining the points (1, 2, —3) and

(-2, 3, 1).

(1, 2, -3) 4R (-2, 3, 1) T 77 REEFER Tt @RS s G

Qe e |

(©) Find the equation of the sphere through the circle x*+y*+z° =25,
x+2y—-z+2=0 and the point (1, 1, 1).

X4y’ +2°=25, x+2y-z+2=0 JEMA & (1, 1, 1) RN s
Fwae fef e

7. (a) Find the length of the perpendicular from the point (4, —5, 3) to the line
X Ppg -z~

3 -4 5
@4, -5, 3) R e x;S =y+42 = Z;6 SR +ie wrEa g Aefr
(b) Find thé equation of the line which intersects each of the two lines
Ox+y+z+4=0=5x+y+3z and x+2y-3z-3=0=2x-5y+3z+3

and is parallel to = ey
208 4

AWRHAERAD Ox+ y+z+4=0=5x+y+3z O

x+2y-3z-3=0=2x-5y+3z+3 RETAAIDE (X IE IR %:%:%
FRERADR TN, O TR fefa e
4
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8. (a) Explain the equation of the plane 4x+8y+z+9=0 in the normal form.
Hence obtain the length of the perpendicular from the origin upon the plane.
4x +8y +z+9 =0 IS FANFAUNHE FTI-WNPIA 2P FCAN | 9 Q/F FARY

(/T NGB o A (g fef e

(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

Sx+3y+z=2.

x=2y+3z-4=0 GR 2x+y—z+5=0 FTSAGD AT (T FIHI (A
I, IR RN @R Sx+3y+2= 2 ST K T, Wﬂﬁ’m‘f
Refr wzan

9.(a) The plane x+2y+2z=6 meets the coordinate axes in 4, B, C. Find the

equation of the sphere O4ABC, O, being the origin. Determine also the centre
of the sphere.

x+2y+2z=6, x, y '8 z 9% oA IAFW 4, Becﬁmmmn ‘o
THR™ 2E OABC (NEHa 7eae 6w a1 (e b7 (tara 2as 3o 2

(b) Find the equation of the sphere whose centre lies on .the line
x;l = y_—43 = z-;-2 and which passeé through the points (3, 4, 5) and
(-3,0, 1).

3, 4, 5) @ (3, 0, 1) RepI @ creele R ";1=y‘3 -1

: -4 5
FEba T wkfEe | O wAliwad A wem

10.(a) Find the length and equations of the line of shortest distance between the
x+3 y-6 z X421y z=1
and = T = T .
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(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) @R (0, 0, 1) RFNT @ ANEPH 2x+2y — z =15 FASHABE
=opf 72 OIF FAPRet el et

Group-C
fetat-at
[Marks -25]
Answer Question. No. 11 and any #fwe from the rest
5 TR & GR &) (@-CIICA! §fP @iras Taw wie
11.(a) Answer any one question from the following:

fiRe @-cie oo 2vea Tea wes
(i) Does the limit lim {x* ++/x —1} exist? Justify.
x=1

lim {x* +/x—1} Tz =g aes Row s

x—1

(ii) Prove that the series %+%+5—17~+---+--- is convergent and its sum

e
Mo,
2

S PR G o .. G SRR e 7 e L
13 35 &9 ‘!

(iii) Show that: x > sin x, for 0< x < 7/2.
M 0< x < 77/2 TSI @A @ x > sin x.

(b) Answer any one question from the following:

frefeRe @-@i @ fe eves Tea wes
0 Lt il log (1+ ax) ;vlog (1-bx) .

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

s

o

6

3 2099

m

w

<

z

2




lf

B.Sc./Part-II/Gen./ MTMG-11/2017

& T f(x)=l°g(1+“");l°g(l“b")n x = 0 e wemete
OIS RGBS FCA TS AT x = 0 Revfre www 201

(i) Show that the sequence x, = is bounded. Is it convergent? If so

+6n
find its limit.
MM @ x, = 5+16 GG I | S [ WSHA 9 7 77 O ag Fwy
n
ICREE Il

(iii) Evaluate: lim ot >
=0 x  x(e*+1)

i el s 1im{l— $ }l

0| x x(e*+1)

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

il :
x, =1+—+—+---+— is divergent.
2 =3 n

Cauchy criterion @3 IR (A6 @ x,, =1+%+%+---+l s SR
n

2 3 4
SR R A T R
(b) Test the convergence of the series ——12 + =+

2T

SR | SE St
1—2+?+§7+F+--- A

(c) Use Root-Test to examine the convergence of the series

)

2 3
Root-Test 93 AR -;—+(§) +(%J +-- HROR WSy [R5 T

2099 ; 7
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13.(a) State and prove Cauchy’s Mean Value Theorem.
Cauchy’s Mean Value Theorem e @ ez -
(b) Expand f(x)=sinx in powers of x in infinite series stating the condition
under which the expansion is valid.

F(x)=sinx SAFIOHE x -9F WS TN @Fre [Rew @ &F e [erb
83 (1L Ry TN

1
(o) Eentusle: 1ing(ta“")".
x— x

1
7 W= fadf s lim(tanx)’.

x—0 X

14.(a) Examine for the existence of maxima or minima of the function
f(x,y)=x"+3x* -15x> =15y* + T2x.
Sf(x,y)=x+3xy* —15x* 15y + 72x TFFHA 5AW € TN WA WY
o=
(b) Find the asymptotes of the cubic: x* —2)° + xy(2x—y)+ y(x—y)+1=0
X -2y + xpQ2x-p)+ y(x—y)+1=0 IF@RABI =>pfere et [

I
(¢) Find the envelope of the straight lines £+%=1, where ‘a’ and ‘b’ are
a
variable parameters connected by the relation a + b =c, ¢ being a non-zero
constant.

1+-Z—=1 FRER OB AAfRropE e IR @A ARRETNE 2iibet ‘0’ 9% b
a
TSW a+b=c, c#0 9 &3P, 7% Q7 T& |

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

Lagrange’s multiplier method -43 JQW, x+y=1 = JCH, x°)°
werEaiba 53w N faefa
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+ (b) Examine the nature of the origin on the curve x’y + x* +2x’y — y* =0.
: Xy +x° +2xty - y? = 0 3TN o iRz 23S« e
(c) If a function f{x) is differentiable at a point x = ¢, show that it is continuous
at that point.
TR fx) SCAFIO x = cﬁwwwmw,mmmm & ReTs fix)
oS WES A
3
Group-D
fet-v
[Marks -20]
4 Answer Question. No. 16 and any #we from the rest
SY TR & GR I F-(FICAl 7Y eivin T wie
16.  Answer any fwo questions from the following:
, e @~ 7 aivas Tes e
4 | @) ; e it G .
| Does the improper integral Ix—z converge? Give reasons.
. [ st e w2 g e
X

1
(b) Define Beta and Gamma functions.

Bt 8 St Srorsrea e we |

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

M AT B(%,G)-@?Wﬁ@ﬂu

(d) Find the area bounded by the parabola y* =4x and its latus rectum.
y? = 4x SfIgE O G ASeTH QR AAw (w0 Crae 4w I

2099 9
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z/2

17.(a) Prove that B(m,n)=2 Ismzm“e cos’"'@ d@;(m,n>0) and hence find the
0

value of B(l -!-)
22

/2
& I B(m,n) =2 Ismzm"e cos’™'0 d@;(m,n > 0) IR &3 (AT B(; ;]

a7 W= R

(b) Apply u -test to examine the convergence of the integral J' ok AR
! 1+ x)Vx

-testammj @7 SfeRIRY R I
L (1+x) «/_

18.(a) State the relation between Beta and Gamma functions and use it to show that
e 3

I x2(1-x)%dx= . #

128

WMWWWWMQRMWWW
1 3 3
kY4

x2(1-x)2dx = —
-([ ( ) 128

(b) Find the perimeter of the circle x* + y* =a”.
x* + y* = a* e A [fa s

x acosd

19.(a) Evaluate: [ [rsing d6 dr

0 0

acosé

W= e e j jrsmedadr

0

(b) Find the area bounded by the parabolas x* =4y and y* =4x
X =4y @R y* = 4x NEIEET T AT (FCAI CHFGT {7 I

2099 10
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20.(a) Find the surface area of a sphere of radius ‘a’ unit. 4
@ (T I ‘0”9 O ISFOE CFITE PO 9
(b) Find the volume of the solid generated by revolving the cyc101d -

x=a(0+sind), y=a(l1+cosf) about the x-axis.

x=a(@+sinf), y=a(l+cosh) FAZITCHIE x WCHA ACATHF AINES T
(@ T T T O e el Fat

Group-E
fRett-e
[Marks -10]
21. Answer any one question from the following: 2x1=2

efeRe @-@I 96 2e7 T wes

(a) Solve: —d—y=sin x
dx

—=sin’x .
(b) Find the particular integral of the differential equation
(D* +2D +2)y = xe™*
(D* +2D +2)y = xe™* SR%e AN3eio7 Kooz e sy sean

2

©) Solve:% ‘b’+4 0.
2
Wm:d—{-4ﬂ+4=o.
d® dx
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22.  Answer any fwo questions from the following:

el @-@i 76 eves Tea wes

2
(a) Solve: %i—}- - 2% +y=x’e"

2
A A2 %—2%+y=x2e3"

2
(b) Solve: x2%+5x%+4y=x‘

2
Y ST x2%+5x%+4y=x4

> 7]

(c) Solve: Zx{ +y=cos2x

dzy

kZ

A FALE

+y=cos2x

(d) Find the orthogonal trajectories of the family of parabolas y* = 4ax , a being

a parameter.

y? = 4ax , a I5e, WIS (MBI FTI-2ATH AR T TN

2099 12
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