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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
N ENGLISH.
L Candidate has to attempt FIVE questions in all.
Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question 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 meanings.
Attempts of questions shall be counted in sequential 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 Question-cum-Answer Booklet must be clearly struck off.
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1 -1 1
1.(a) H&A{z -1 0} 3,
1.0 0

47w e fo quie fR 47 =47

1 -1 1
If A=|2 -1 0|, then show that
1 00

10
: A% = 47" (without finding 471).
We=w
L)  Fh@ R B= (0, 1,1), (1,0,1), (1, 1,0} F TR V3(R) R q’f*lﬁﬁa
RS : T(a,b,c)= (@a+b, a—b, 2¢) ¥ gafR@ e Id o
Find the matrix associated with the linear operator on V3(R) defined by

T(a, b,c) = (a + b, a—b, 2¢) with respect to the ordfared basis o
B={(0,1,1), (1,0,1), (1, 1,0).

1.@ ﬁ'ﬂﬂ T %: | ;

flx+a) f(x+2a) f(x+30)
f(@) fQ2o) f(Ga)
fll@ f'Qx) [f'Ga)

et £ T AT S he € o TF IR € |
A(x)

A(x)=

lim - T AR |
Given :
\/ . f(x+a) f(x+2a) f(x+3ax)
A(x)=| f(@) fQa) f(Ga)
f@) f'Ca) f'(Ga)

Where £ is a real valued differentiable function and o is a constant.
A(x)

Find lim y 10
-0 X
1.(d) 2ufzy fF e*cosx=1 & Fordl Q1 Tl & = H e’sinx — 1 =0 T 0 A T T T
fremm 1 |
Show that between any two roots of e*cosx =1, there exists at least one root of

e"sinx—1=0. 10
1.(e) S9 I @ R W@ i freh S, T | s

x=—32'-=§ ¥ FAAR &

Fa1 e fsys-aF 22 +2y2=1,2=0 ¥
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2.(a)

2.(b)

2.(c)

3.(a)(i)

3 ii)

3.(a)(iii)

3.(b)
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Find the equation of the 'cylinder whose generators are parallel to the line

——Z=£ '
* 23 and whose guiding curve is x2+2y2 =1z=0. 10
T’«'Qﬁ"ﬂ%%waa, N VF ax?+ by +cz2=0 N o S § e T,
x x2 y2 52
TS ot —— =0 T om wS ¥

b+c c+a a+p
Show that the planes, which cut the cone ax?+by*+cz2=0 in perpendicular
2 2 2
generators, touch the cone —~— + 7 23 B ¥ 20
b+c c+a a+b

fem w2 £, ) = 122252, T £,,, (0, 0) T, (0, 0) T AT | 3rT: TR
%J;y(o, 0) =£,.(0,0) | E '

Given that f(x, y) = |x2-?|. Find fiy (0,0) and £, (0, 0).
Hence show that £,,,(0, 0) = £,. (0, 0). | =
ST % S={(x, 2y, 3x):x, y TR wET §) R(R) W TH ITEAR 2 |
S & MR T Hfrg | § B e it 7 S |

Show that §= {(x, 2y, 3x) : x, y are real numbers} is a subspace of R*(R). Find two
bases of S. Also find the dimension of S. 15

IT%u=x2+yz,v=x2—}’2,G‘ﬁ“-":"cose’y:rsme%’aagg’;; . |

If u=x>+)% v=x2—)2, where x = r cosé, y=rsin®, then find 35"33 ‘ ’
r,

X 1
e [f@)dr=x+ [tf@yar &, @ f(1) T 7W 7@ P |
0 x v
X o1
If [ f(t)dt=x+ [1f(2)dt, then find the value of £(1). | 5
0 x

b
[(x-a)"®-x)"dx F He-Fe % &9 § =1 A |

b
Express f (x —a)™(b — x)"dx in terms of Beta function. 8
a

R Brear » & TE e He-feg oﬁw%wa@raﬁA,B,cﬁﬁaﬁ
mm%loﬁwaABcw@%mda-mmﬁ@qmwl

A sphere of constant radius r passes through the origin O and cuts the axes at
the points A4, B and C. Find, the locus of the foot of the perpendicular drawn from

O to the plane ABC. 15
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3.(c)(@)

3.(c) i)

4.(a)(1)

4.(2)(ii)
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frg Db 5w ahs WG aEE § 3 fe w6 E
gt afew, wifaw € |

Prove that the eigen vectors, corresponding to two distinct eigen values of a real
symmetric matrix, are orthogonal. B

A wEg 4 T B R i, 2 ¥ i B age (4B)= T
(BA) | 3% Tuizy 5 AB-BA#I, W& I, @ 2-f F T@H AR ¢ |

For two square matrices 4 and B of order 2, show that trace (4B)= trace (BA).
Hence show that AB— BA #1,, where I, is an identity matrix of order 2. 7

frafofea s = ifs-ooe dume =0 § wamEe fifvg @ AdE R
Fife i W@ Ffm |

1 3 2 4 1
=18 0 2.2
2 6 2 6 2
3.9 110 6

Reduce the following matrix to a row-reduced echelon form and hence also, find
its rank :

1 3 2 4 1
A_00220
12 64Y 6L
3 9 1 10 6

10
Hﬁﬂé@éﬁﬂi%@A:(? ‘0’) ¥ AtEEE WA G W A
qfealt F 7| HIT | _

Find the eigen values and the corresponding eigen vectors of the matrix

A= (0 '(')’), over the complex-number field. 10
i

£ ‘3 2
zufsn f5 el - x2’3+y2/3=a2’3 o WEM T

- By 3.2
@ Show that the entire area of the Astroid : 2Ry =g* 5 g 15
4.c) @ 3-,Qc£9
x+1 y+3_z+ o
__——=T=T’ 1: \S\
3
x=2 p-4_ 2%
L 5 an ¥ Wi g
@mmmmmaﬁwmﬁmﬁﬂ%
W AT |
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Find equation of the plane containing the lines
J IR A
y — -_—

15

L

Also find the point of intersection of the given lines.

@UE ‘B° SECTION ‘B’
5.(2) e TR ;
d2 2 3x

\/ E%+2y=xe + e*cos2x

& ga Hifom |
Solve the differential equation :

dzy
—=+2y=x
dx? v

5(b) WA TUNR TR E SUEN A g WIS A el ;

2
27 | 4y = sin2x; y(0)=y'(0) =0
74 dx
F T HINT |
Solve the initial value problem :
2
‘-’%+4y=e‘“sin2x; y(0)=y'(0)=0
dx
using Laplace transform method.
5(c) @ B3 LMAMN fag MR TGO 8 W @R & € (LM)2+(MN)2=(LN)=_!
7 ¥ A ©9 A gEEe ¥ @R fag L = St § ) W A e st
1 W T AT, R o € | B8 LM F SR A F q S w0 A s Hf
T % w9 # WG Hif |
Two rods LM and MN are joined rigidly at the point M such that
£ (LM + M 2=(LN)? and they are hanged freely in equilibrium from a fixed
point L. Let @ be the weight per unit length of both the rods which are uniform. -
Determine the angle, which the rod LM makes with the vertical direction, in terms

of lengths of the rods. 10
s@) R T e, S ¥ uRa: T de A aRomm wa §, deee ot e # A
‘ fer et £, A 78 W, Fred 7g @ # R S, @ S | w9 fry ¥ T
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If a planet, which revolves around the Sun in a circular orbit, is suddenly stoppgd
in its orbit, then find the time in which it would fall into the Sun. Also, find the ratio

of its falling time to the period of revolution of the planet. 10
N o, ..
5.(¢) a'aﬁgqﬁﬁvzv.% =_4,51€r'r’=xi+yj+zk%l
r
v/ "\
Show that V2| V. ;_- = —24—, where 7 = xi + yJ + zk. 10
r
J
6.(a) @wﬁaﬁ,ﬁaqummﬂﬁ%,aﬁ@ﬁ%?ﬁ@%'m%
T, T, T, 5N el & o= & forgetl A, B, C W &M@ &, ot o i &
T AR T, W A B A WK 3Gt A € £ 2K % 4B 7 BC W
¥ YR P 0, 91 0, § | fag R ‘
. 37,
T, T, T, <l e = ———
W T L M 1+ 2cosf
. 5 _ 0
(i1) ?3 =0,
A heavy string, which is not of uniform density, is hung up from two points. Let
T,, T,, T be the tensions at the intermediate points 4, B, C of the catenary
respectively where its inclinations to the horizontal are in arithmetic progression
with common difference . Let @, and @, be the weights of the parts 4B and BC
of the string respectively. Prove that
A . | 5%
(i) Harmonic mean of Ty, T and T3 = ——=—
1+2cosp
. L _ o " ,
(i1) _I_},- S, 20
6.(b) T U (smfirer) RO Wt QTS g WIS
2
ay + (tanx — 3cosx)—a—b—’ +2ycos’x = cos* x
d x2 dx 3
S 1 qf &9 ¥ T T |
’OZT\ Sglve the equation : ;
ﬂ + (tanx — 3cosx)-l + 2ycoszx = cos'x
dx? dx | .
completely by demonstrating all the steps involved. 15
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"C

T - : 1,00 o =y
Ve WC,xymﬁwﬁ%magaaﬁ%wF=xz+y2 gl

T2
Evaluate I F-dr , where C is an arbitrary closed curve in the xy-plane and
¢

F_oYity 15
By, 25" '
X" +y
. . a ] 2 I
7.a) WO AENE W )2+ 2=9 @ x=2 TR GREg 9 | F = 2x%yf — ' +4xzk
% fom e s wiw 9 wenfia fifva |
Verify Gauss divergence theorem for F = 2x2 yi - yzf +4xz°k taken over the
region in the first octant bounded by y? +2z>=9 and x=2. 20
7.b)  AAHS GHIE :

N 2
2 dy (dy
logy = xy—+| —
i yogyisamy = (dx)

T ot o ' W9 g |

Find all possible solutions of the differential equation :

2
dy [(dy 15
2 = _+ — L .
y-logy = (dx]

7.(c) @ﬂﬁmawéaﬁraﬁmwaﬂﬁ@f@i%@%im%w@%ﬂ%%ﬁm
foan ¥ wafm R e €1 AR §2£>h>a 32 @ fug S f e fg ¥
1 (a + 2) S5 R T A e R o @ eh @ ) e A g A B

: . 4a - h)(a + 2h)*
wmmu@wﬁg%wmaﬁaﬁnaﬁﬁ“ 2)7(:2 g

A heavy particle hangs by an inextensible string of length a from a fixed point

) Sa
and is then projected horizontally with a velocity 2gh . If o= h>a, then prove
that the circular motion ceases when the particle has reached the height %(a + 2h)

from the point of projection. Also, prove that the greatest height ever reached by
, (4a - h)(a + 2h)*

the particle above the point of projection is 533 15
8.(a)(i) T WFA ??r
¥ Y _q; a>b>0 FREW AT YN
2+A bE+A
¥ danig @@ T R | FEe & o m am-ge it R )
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Find the orthogonal trajectories of the family of confocal conics

(INSTITUTE OF MATHEMATICAL SCIENCES)

2 2 .
Y Y _1; a>b>0 are constantg and A is 2 parameter.
a+A br+A
Show that the given family of curves is self orthogonal. 10

2
8.(2)(ii) IS THIE d 2(1+x)——+2(1+x)y 0 &1 9% & AT Hrg |
X

I A TR ; d2 2(1+x)—+2(1+x)y—x3-q?r;rraﬂﬁam
x
fafyr g/ = R

Find the general solution of the differential equation :

2
xzii—%—zx(1+x)i3i+2(1+x)y= 0.
dx

L 2 d d
Hence, solve the differential equation : "N d—% — 2%(1+x) Ei—’ + 20 Xy = X°
x

0 |
8.(b) TENM m W TEH I, S H wREw fag & I 4 % @ #fe fam F w0 wm
A Al feam # wEaw forg ¥ R A FeAlR wwaw § wafe fe s R,

SEh R 9 W W aviE g | afe st @ SE g @ S SR wwaw § o9

4.[g ¥ T wafm fen S R, @ S wE % ot 5 fagme @ oo fruiRa
g |

Describe the motion and path of a particle of mass m which is projected in a vertical
plane through a point of projection with velocity u in a direction making an angle
\/ © with the horizontal direction. Further, if particles are projected from that point in

the same vertical plane with velocity 4& , then determine the locus of vertices of
their paths. 15

by the method of variation of parameters.

8(c) wma v w1 wwm w@ gy [[(VxF)-Ads @ ww frefg, swtw
S
F=(x2+y—4)f +3xp] + Qxy+2*)k TS, RAXIA z=4— (x + y2) &
xy-FAA W FR H IE R | TS A, SR HF afee s wlkw ® )
Using Stokes’ theorem, evaluate ” v x?)-ﬁdS,

where F = (x? + y—4){ +3xyj +(2xy +2z*)k and § is the surface of the paraboloid

z=4—(x*+y*) above the xy-plane. Here, 7 is the unit outward normal vector
on S. 15
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