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QUESTION PAPER SPECIFIC INSTRUCTIONS
Please read each of the following instructions carefully before attempting questions.

There are EIGHT questions divided into two SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.
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Question No. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE from each section.

The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission certificate which must
be stated clearly on the cover of this Question-cum-Answer (QCA) booklet in the space
provided. No marks will be given for answers written in medium other than the authorized one.

Assume suitable data, if considered necessary, and indicate the same clearly.

Unless and otherwise indicated, symbols and notations carry their usual standard meaning.

(INSTITUTE OF MATHEMATICAL SCIENCES)

Attempts of questions shall be counted in chronological order. Unless struck off, attempt of a
question shall be counted even if attempted partly. Any page or portion of the page left blank
in the answer book must be clearly struck off.
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1.(a)

1.(b)
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1.(c)
1.(d)

1.(e)

2.(a)(i)

2.(a)(ii)

2.(b)(i)
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TR frer dfch wiferar &1 e e g, e

1 3 1
A=|2 -1 7
3 2 =

o1 SfCTeftH AT T | e e et 3 1 9t g Fifvrg

x+3y+2z=10

2x-y+7z=21

3x+2y-z= 4 10
ST Uk 7 srege A i et derw A* | 2wtz O el AA* S A%A ¥ s
AT ATl € | I qTs o 26 (44%) = 30 (4%4) | 10
Waﬁﬁqf;(h sin%—cos%)dx I 10

@@Wﬂﬂﬁmwaﬁﬁqsﬁ%@ﬁm, 1,1) 3R (2,0, -1) & & qar &
AR fgall (<1, 1,-2), (3, -2, 4) T T aTett Y@ 3 Gwia of | 26 71 & dar i
A & ot T g T qrem g | 10
T AMeich S F AT & Ar-am & R g (0, 1, 0), (3, -5, 2) @ | Meleh &
THIHTT il AT T, et Tereh S &7 6t Sx — 2y + 4z + 7 = 0 F AT UR=e
I IAHEINE | 10

a?ﬁq&Pﬁﬁmiﬁrnqtahﬁ%mﬁwﬁmagﬁﬁﬂﬁwwﬁaﬁﬂ}ﬁmm%
R 72 P, Py frfefaa g aa v e sviawr 2

T(p(x)) = f: p (1)dt, p(x)e P,
P, ¥R Py & o {1, x, x2} 3 {1, x, 1422, L+ x| sme & forer & 737 s
A1H I | 58 & @ 7 6 g awiy st arew i | 10

et i v e p-frtr afeer @afe & o 72 v v o sqemia s dare @ |
e B={X,, X,. ..., X,} SR & vam, @ qufze ¥ g = {rx,, TX;, ..., TX,} S0

V T ATER 8T | 8
i -

difefE A=|1 02 o Tl (1) TEHFTTAE 1 AR 4, A, A, aifod =
1 o w?

%Az%mqﬁfﬂﬂ,a’ra'aﬁiqﬁa‘lﬁ.,[+|ﬁ.z|+|i3|s9. 8
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3.(a)

3.(b)

3.(c)

4.(a)

4.(b)
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2 3 4 5]
3 5 8 12
5 8 12 17
§ 12 17 23
8 12 17 23 30| 8

#forg & A us rfifet srege @, e asft geae @ o9 4, A, .., A, © 131
X, Xy, ..., X, 6 A qfay 2 A, IR & nxn weqw C, fmar kar ww
afeyr X, &, FEHAE erar ¢ | 8

b8
I
“m oW R =

i) awfge f O F afewr x, = (1, 1+, i), X, = (G, i, 1-i) ¥R X; = (0, 1-2i, 2-i)

areafas dearsi & a9 W) Hawd: @ax 8, Jfed afvry g & a7 ) Hawa:

9T ¢ | 8
RIS F Ui T[T FFaeR &K W@ y = 10 - 2x dR g §+§=1 & o
e 0 AT i | 20

fiy 0, 0) SR £, (0, 0) %ei & forg afirert Hifsrg

f(x y)= x?;z’ (x, ¥)#(0, 0)

0, (xy)=(0,0).
foy T £, F1 (0, 0) R fiiarar w fomm Sifor | 15
[[xy dA @1 g FifSg, Stet D, W@y = x— 1 3R R&ET y2 = 20+ 6 & 5T
D

REg I=RA? | 15
TR o Meraw 2 (2 + 32 + 22) = 32 R ot 7Y f5g & Mieta 2 + 2 + 22 = 2q& A
AT H wef TRR@Ty Gl o7 Hehell © | 15
U 97 T A9 TS ah & & H G042 + 2 + 2ax + 2by = 0,z = 0 2 R a@ w& f@
{53 (0, 0, ¢) & &= & wRar ? | afE AT y = 0 F TR T 1 TR TF AAATER
erEETe g, a1 arfaa difsre for sl freaferfea fer ga w e

2+ y2+ 722+ 2ax+2by =0

2ax + 2by +cz=0. 15
e qfEdl SRt @ & & el § fAear @, ok gt faew p s POH

2

Afqaaeas ;—2+§—22c2=1 & gaH e Ii=9T & aed 9E & Rl B 8k
BRaga g fag i s BP-BP = a®+ 2 20
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5.(a)

5.(b)

5.(c)

5.(d)

S.(e)

6.(a)

6.(b)

6.(c)

6.(d)

7.(a)

gs ‘@
T 9941 o1 IO Sifon
yﬁw%xm,wm%ww%ﬁmﬁﬁa%w%
cos(x +y) +sin(x +y) | x IR y & == deer qre AT, S et sraemerst / saamer

# e e | 10
r" = a sin n0% G AN qFH-F FT ARG TIE FT FHIER 16 T |
(r, 0) Tae gatg fare € | 10

%ﬁEﬂWOPQﬁWWﬁHﬁ(S.H.M.)W@%IG"H?FF%EPSﬁ(QCI'{QEI
A, 5k O & gt Fwnr: x ok y & sft gwem P ok @ F A wer-fig w2
Ueh qUT ST T 69T HTeH HITerT | 10
U AT FHAA T ATER TS 7 4 {3 F91E F 3 /e 2 | guae ¥ g9ia< &
HTAT GAT 8 kg T TF a1 20 kg o AR H A4 FT IR qHA i qioher & Aebar 2 |
HHAS IR AR & & oo quries qrew i | 10
T30 & 9%

o s (1+8Y2 [1-22) -
x(r):rs+(—f—);+( > Jk @Wﬁf@ﬁ%l 10

HFHA THIFT FT ger Fifoy
(52 + 12x2 + 6y?)dx + 6xydy = 0. 10
gree fareror fafer gy sraeser afaRor
dzy
wd?+a2y:secaxﬁﬁ'ﬁ{ﬁﬁit{l 10
AT

Zdzy dy :
X E+xa+y=lnxsm(lnx)ﬁirmﬁﬁw?ﬁﬁ'm 15
arfirer yraf

:=0wx=03ﬂt%=0%ﬁmﬂ-—raﬂmﬂrﬁw

2
(02 +nz)x=asin(ur+a), D? s% i g &R fafer a1 gRme R g B

difsre, fad o, n 9] o fas 15
2.5 kgwmwwo-gméﬁﬂﬁwﬁ%%ﬁ{mgm%,m@nﬁm
e fer foig & ara et g @ | @r a3 8 m/R. 3 wra AT wae fRear st @ |
STl TET (i) &, (i) FeataR sox Y s e, ST R0 o AT SR T H T Y Ao
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7.(b) qmqmaﬂﬁﬁlﬁféﬁw%w45°%@wqtr@%lmmﬁﬁmz@mﬂamfm
eﬁaﬂwﬁw%aﬁﬁam%n{ﬁqtﬁm%lzrﬁmaﬁtg'mrﬁétaﬁt{ﬁr%aﬁa
S FET A A 3 S s evr 3 i e, a1 &et o et R i da 6 aTw
fermamy 3 forg smavass =paw afas s AT i | 15
7.(c) %mﬁ@%AB,BC,CD,DE,EFaﬁtFA,ﬁHﬁ%Q@Eﬁawww%,am?f
Rl & 17 & & 0 o7t g # o e v e @ | 3w AB et feafar # e
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15
8.(a) V2 () T aferer ST 3 7 X p 3 & H FaT sten HieH I | r 9 | fosit
%’g(x,y,z)a%@%,nqaﬁuﬁim%aﬁ?vzﬁlﬂﬁmh 10

8.(b) TS ¥ U Ao freAfted Aty @i & gRy qieriid € 7 =12 +2t]-k
ﬁ@ﬁr:ﬂaﬂtr:-lwwaﬁwmﬁq@%aﬁ'WWﬁﬂﬁwaﬁﬁm 10

8.(c)  TSH ¥ AT THA HT FEAATA Fd §U, TE-FHIHA
Ji(a?x? +b2y2+c232)‘% dS & TR o, TRt $ AT ax? + by + 2’ = |
FTBE | a, b AR ¢ T TATHF i € | 15

8.(d) ar wAE | (—yidx+x’dy-23dz) T T T & (o7 i H T FIeR
Hfm, 7@ ¢ 2 fafemt 2 +y2= | AR A x4y +z=1 FIREBT | 15
SECTION ‘A’

L Answer all the questions :

(INSTITUTE OF MATHEMATICAL SCIENCES|

1.(a) Find the inverse of the matrix :

1 & 1
A=|2 -1 7
3 2 ]

by using elementary row operations. Hence solve the system of linear equations

INSTITUTE OF MATHEMATICAL SCIENCES

x+3y+z=10
2x-y+T7z=21
3x+2y-z= 4 10

1.(b) Let A be a square matrix and A* be its adjoint, show that the eigenvalues of

matrices AA* and A*A are real. Further show that trace (AA*) = trace (A*A).
10

|
()  Evaluate [ (2x sin < — cos })dx. 10
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1.(d) Find the equation of the plane which passes through the points (0, 1, 1) and
(2, 0, 1), and is parallel to the line joining the points (-1, 1, -2), (3, -2, 4).
Find also the distance between the line and the plane. 10

1.(e) A sphere S has points (0, 1, 0), (3, -5, 2) at opposite ends of a diameter. Find
the equation of the sphere having the intersection of the sphere § with the plane

5x-2y+4z+7=0 as a great circle. 10

2.(a)(i) Let P, denote the vector space of all real polynomials of degree atmost n and
T: P,— P, be a linear transformation given by

I(p(x)=[p@dt,  p()e P,.

Find the matrix of T with respect to the bases {1, X 12} and {l. x, 1+ x%, 1+ 13}
of P, and P; respectively. Also, find the null space of T. 10
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2.(a)(ii) Let V be an n-dimensional vector space and T': V — V be an invertible linear
operator. If B ={X,, X,, ..., X, } isabasis of V, show that 8' = {TX), TX,, ..., TX, }

2.(c)(ii) Show that the vectors X, = (1, 1+, i), X, = (i, —i, 1-i) and X5 = (0, 1-2i, 2—i) in &
are linearly independent over the field of real numbers but are linearly dependent

is also a basis of V. 8
| I U |
2.(b)(i) Let A=|1 w? @ |where w(#1)is a cube root of unity. If 4,, A5, A5 denote
1 0 ?
the eigenvalues of A%, show that [4;|+|A,|+|A;| <9. 8
2.(b)(ii) Find the rank of the matrix
1.2 8 4 &
2 3 5 B 12
" A=[3 5 8 12 17
2 5 8 12 17 23
? 8 12 17 23 30 8
5 i !
% 2.(c)(i) Let A be a Hermetian matrix having all distinct eigenvalues i, Ay vz K B
E X;, X5, ..., X, are corresponding eigenvectors then show that the n x n matrix C
& whose k™ column consists of the vector X; is non singular. 8

over the field of complex numbers. 8
3.(a) Using Lagrange’s multiplier method, find the shortest distance between the line
i YR
y = 10— 2x and the ellipse — +—=1. 20
4 9 \
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4.(c)

5.(e)

Compute fxy (0, 0) and _@x (0, 0) for the function

f(x y)= xiy; o (x, y)#(0,0)

0, (xy=(0,0).

Also, discuss the continuity of f,, and f,, at (0, 0). 15

Evaluate [[xy dA, where D is the region bounded by the line y = x -1 and the
D

parabola y? = 2x + 6. 15

Show that three mutually perpendicular tangent lines can be drawn to the sphere

X2 +y2+ 2= 2 from any point on the sphere 2(x? +y? +2%) = 3r% 15

A cone has for its guiding curve the circle x*+ y?+2ax+2by=0, z=0 and
passes through a fixed point (0, 0, ¢). If the section of the cone by the plane y=0
is a rectangular hyperbola, prove that the vertex lies on the fixed circle

X+ +22+2ax+2by=0

2ax + 2by + cz=0. 15
A variable generator meets two generators of the system through the extremities
B and B of the minor axis of the principal elliptic section of the hyperboloid

2 2 L4 r [ 4
X Y _22-1in P and P’. Prove that BP- BP = a® + % 20

a? b
SECTION ‘B’
Answer all the questions :

: g ! : . dy .
y is a function of x, such that the differential coefficient Ey is equal to

cos(x + y) + sin(x + y). Find out a relation between x and y, which is free from any
derivative/differential. 10

Obtain the equation of the orthogonal trajectory of the family of curves
represented by 7" = a sin n6, (r, 6) being the plane polar coordinates. 10

A body is performing S.H.M. in a straight line OPQ. Its velocity is zero at points
P and Q whose distances from O are x and y respectively and its velocity is v at
the mid-point between P and Q. Find the time of one complete oscillation. 10

The base of an inclined plane is 4 metres in length and the height is 3 metres.
A force of 8 kg acting parallel to the plane will just prevent a weight of 20 kg
from sliding down. Find the coefficient of friction between the plane and the

weight. 10
Show that the curve
A -~ —_: 2 A
?(;)zri +(1—-:-'-£)j+(1 : ]k lies in a plane. 10
t
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ﬁ)a')/ Solve the differential equation

(52> + 12x2 + 6y*)dx + 6xydy = 0. 10
6.(b))  Using the method of variation of parameters, solve the differential equation

d® Y.

] +a“y=secax. 10

Gy{ind the general solution of the equation
s P 15

X +x—+vyv=Inxsin(lnx).
oz TE gty (Inx)

W By using Laplace transform method, solve the differential equation

2

(ﬂ2 + Hz)x =asin(nt + ), D* = d_z subject to the initial conditions
t
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d : ’
x =0 and j;:—:(), at t =0, in which a, n and « are constants. 15

7.(a) A particle of mass 2:5 kg hangs at the end of a string, 0-9 m long, the other end
of which is attached to a fixed point. The particle is projected horizontally with
a velocity 8 m/sec. Find the velocity of the particle and tension in the string when
the string is (i) horizontal (ii) vertically upward. 20
7.(b) A uniform ladder rests at an angle of 45° with the horizontal with its upper
extremity against a rough vertical wall and its lower extremity on the ground. If
i and p’ are the coefficients of limiting friction between the ladder and the
ground and wall respectively, then find the minimum horizontal force required to
move the lower end of the ladder towards the wall. 15
7.(c) Six equal rods AB, BC, CD, DE, EF and FA are each of weight W and are freely
jointed at their extremities so as to form a hexagon; the rod AB is fixed in a
horizontal position and the middle points of AB and DE are joined by a string.
Find the tension in the string. 15

Calculate V2(r") and find its expression in terms of r and n, r being the distance

of any point (x, y, z) from the origin, n being a constant and V? being the Laplace
operator. 10

A curve in space 1s defined by the vector equation T =14 +2¢]— £°k . Determine "
" the angle between the tangents to this curve at the points r=+1 and r=-1. 10
By using Divergence Theorem of Gauss, evaluate the surface integral

(INSTITUTE OF MATHEMATICAL SCIENCES)

P
ax® +by*+¢z2=1, a, b and ¢ being all positive constants. 15

If (az.ac2 +b%y? + ¢z ) 2 dS, where § is the surface of the ellipsoid

/S.(d) ” Use Stokes’ theorem to evaluate the line integral jc(— yidx+ x3dy- z3dz]. where -
C is the intersection of the cylinder x* + y*> =1 and the plane x+y+z=1. 15
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Question Paper Specific Instructions

Please read each of the following instructions carefully before attempting questions’:
There are EIGHT questions divided in two SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

Questions no. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE from each section.

The number of marks carried by a question/ part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which must be
stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. No
marks will be given for answers written in a medium other than the authorized one.

Assume suitable data, if considered necessary, and indicate the same clearly.

Unless and otherwise indicated, symbols and notations carry their usual standard meaning.
Attempts of questions shall be counted in chronological order. Unless struck off, attempt of a
question shall be counted even if attempted partly. Any page or portion of the page left blank in the
answer book must be clearly struck off.
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