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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.

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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L.(b)

1.(c)

1.(d)

1.(e)

9us ‘A’ SECTION ‘A’

1 -1 1
uﬁA:[z ] 0]%,
1 00
a4~ N w9 fru famr gufeu o 42 = 4!

1 -1 1
If A=[2 ~1 0/, then show that

1 0 0
A% = A" (without finding 47"). 10
Wi JMURE B={(0, 1, 1), (1,0, 1), (1,1,0)} & A" V;(R) R uRkefya Wew
THRS : T(a,b,c)= (a+b, a—b, 2c) ¥ Waf¥a Mgg F1d HQ |

Find the matrix associated with the linear operator on V3(R) defined by
T(a, b, c)= (a + b, a— b, 2c) with respect to the ordered basis
B={(0,1,1), (1,0, 1), (1, 1, 0)}. “ 10

ﬁtﬂW%:

A(x)=

f(x+a) f(x+2a) f(x+3ax)
f(a) f(Q2a) f(QGa)
fll@) [f'Qa) [f'Ga)

el f U arafas-A AGheig Bed € 99 o T IR ¢ |
1nn9—(x—)a?rm£r&m|

x—0 o
Given :
f(x+a) f(x+2a) f(x+3x)
A(x)=| f(a) fQa) f(Ga)
fll@)  [f'Ca) f'Ga)

where f'is a real valued differentiable function and a is a constant.
A(x)

Find lim —= 10
-0 X

2T fF e*cosx=1 & foFel o Tl & 9 A eFsinx— 1 =0 N T & & & T
fomemm ® 1

Show that between any two roots of e*cos x = 1, there exists at least one root of
e“sinx—1=0. 10

Iq I H FHIERW Fa A fes e,
x=-2=% ¥ qawx ¥

a1 frmer févs-a% x?+2y%=1,2=0 ¥
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SPM IAS ACADEMY

SHAPING BRILLIANCE

2.(a)

2.(b)

2.(c)

3.(a)(i)

3.(a)(i1)

3.(a)(ii1)

3.(b)

Find the equation of the cylinder whose generatofs are parallel to the line

x=—§=% and whose guiding curve is 2+2y* =1, z=0. 10

zufzn 5 ¥ @uae, S f5 6% axd+by? + o2 =0 B T FAH A W T,

2 2 2
¥ 22—+ ——=0 B T FA T |

b+c c+a a+b
Show that the planes, which cut the cone ‘ax?+by?+cz>=0 in perpendicular

2 2 2

x z
generators, touch the cone +2 =0. 20
b+c c+a a+b

foar R 1 £(x, y) = 22—y, T £, (0, 0) T £, (0,0) T HC | : T
% £,,(0,0) = £,,(0,0) |

Given that f(x, y) = |x* —»?|. Find f;, (0, 0) and £, (0, 0).

Hence show that f,,, (0, 0) = f,, (0, 0). 15
zutsn B S={(x, 2y, 3x):x, y dfas d@m ¥} RA(R) N TH Iqaafe R |
S ¥ o R W Awg | § F fEn sht s fifg

Show that S = {(x, 2y, 3x) : x, y are real numbers} is a subspace of R3(R). Find two

bases of S. Also find the dimension of S. 15
: a(u,v
et u=x2+)>2, v=x>—)? &l R x=rcosh, y=rsind g, a= 8_((:—6% Fa S |
: d(u, V)
If u=x2+y% v=2x%—y? where x=rcos0, y =rsin6, then find 3.0)’ 7

x 1
e [ f)di=x+ [ef@)de & @ f(1) T AR T Hfo |
0 x .
X 1
If [ f(t)dt=x+ [tf(#)at, then find the value of f(1). 5
0 x
b
[(x-a)y"@®-xy'dx ® Sfter-em & & # = Hifor |

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

yR Brsar » @ T Wen y@-fag 0 ¥ TeRaT ¥ T4 &t A 4, B, ¢ fergt
Ww FEa 21 O ¥ AT ABC R G MU w&-ug @ fagma W@ i |
A sphere of constant radius » passes through the origin O and cuts the axes at

the points 4, B and C. Find, the locus of the foot of the perpendicular drawn from
O to the plane ABC. 15
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SPM IAS ACADEMY

SHAPING BRILLIANCE

3.(c)(1)

3.(c)(ii)

4.()(1)

4.(a)(i1)

4.(b)

4.(c)

fig #ife 5 v awafis i aer 5 @ fm et a@ 3 59
aftefie afew, @ifes €

Prove that the eigen vectors, corresponding to two distinct eigen values of a real
symmetric matrix, are orthogonal. 8

q w arege 4 7 B R A, 2 % g qule fF s (4B)= s
(BA) | o9 <uieq T AB-BA =1, & I, wh 2-Hif w1 qowE w=E R
For two square matrices 4 and B of order 2, show that trace (4B) = trace (BA).
Hence show that 4B—BA #1,, where I, is an identity matrix of order 2. 7

frafafea srege o1 dfs-oaria dums &9 § wamET Sl @ 39 s

1l 3 2 4 1
4=19 0 2.2 0
12 4 2 6 2

3 9 1 10 6

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

1 3 2 "4 1
g 0 0 2 2 O
Y G2 m 6 2
F 9 31 10 6 10
ﬁvmmwa%Az(? 6") & sfhaafiies 79 qur @G sfieEfE
afest & sma Hifvro |
Find the eigen values and the corresponding eigen vectors of the matrix
A= (? _0!) , over the complex-number field. 10
quisy 5 Uegiem : 122 + 323 = 2P W W SEwA %naz T
Show that the entire area of the Astroid : x* + y*3 = a?3 is %mxz, 15
st
x+1 yp+3: 245
3 5 .
X=% .  y=4 z2=§

1 3 5
Pl AL FA AT FHAA IR A Hf | & e F afeg fig @
7 A |
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3PM IA5 ACADEMY

5.(a)

5.(b)

5.(c)

5.(d)

Find equation of the plane containing the lines

x¥l y+3 z+3
SRR SR
x—-2 y—-4 2-6
& §

Also find the point of intersection of the given lines. 15

9gusg ‘B’ SECTION ‘B’
Haehel THIGT ;

d’y
dx?

F g I |

Solve the differential equation :
d? y
—=4+2y=x
dx* 4

e 'R fafy &1 S wd g RS Ae awer

+2y = x*e* + e*cos2x

2> + e*cos2x 10

2
%+ 4y =e*sin2x; y(0)=y'(0)=0
X

1 g HIT |
Solve the initial value problem :
2
Z—J; +4y =e**sin2x; y(0)=y'(0)=0
%

using Laplace transform method. 10

QR BSLMAMN o MR gar & @ waR &t € &6 (LM)2+ (MN)2 = (LN)
T 9 @A ' @ amaEen J @R fag L w S | A f§ A weene ss
1 iy Ui T, AR o € | B8 LM # SR fear & W a@w i @ ge f
T=E F T F A A |

Two rods LM and MN are joined rigidly at the point M such that
(LM)? + (MN)*=(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

Ife T WR, I g4 & uia: gog wEr # aRyur oAt €, e A9l FEr 7 Ak
e stran 8, o 9% v, foed 9 g § iR strom, w9 il | s R & e
F1 Ig & IREAW sadee § sad St wa Fifong |
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SPM IAS ACADEMY

SHAPING BRILLIANCE

5.(e)

6.(a)

6.(b)

If a planet, which revolves around the Sun in a circular orbit, is suddenly stopped
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

e f6 v2| v

~ |~

=%,Eﬁ?=xf+yf+z£%l
r

\

~ | =%l

Show that V2| V.

=—24—, where 7 = xi + y] + zk. 10
r
J

wF W e, e v ww wm R, @ fawget @ &g R wen e
Ty, Ty, Ty AN HeA) & o9 & fagall 4, B, C R 7w &, o R w3 &fw &
Y AFfT T, T 3R B 619 TR gt A | 7 fF K & 4B 7 BC Wi
F WR T 0, T 0, €| fag fifg :

37
i) Ty, T, T, & gHS A = —2—
@ N I 3 1+ 2cosp
. 5 _ o
(11) ]s—mz

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 B. Let @, and w, be the weights of the parts 4B and BC

of the string respectively. Prove that

(i) Harmonic mean of T}, T; and T3 = 35 -
1+2cosf
P
e T, @ 20

st smied (anfier) =Ront @ quia gy et

2
d—J;+ (tanx — 3005x)d—y + 2ycoszx = cos’x
dx dx
H Q0 ¥ § g AT |
Solve the equation :
dzy 2 4

dy
—=—+ (tanx — 3 —— + 2ycos“x = cos
o (tan x COS X) Ir y X

completely by demonstrating all the steps involved. 15
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SPM IAS ACADEMY

SHAPING BRILLIANCE

6.(c)

7.(2)

7.(b)

7.(c)

8.(a)(i)

[Foa? o e,

ﬂﬁcxymﬁ@ﬁ%aﬁaqaaﬁ%w F-_y':y (4
x“+y

Evaluate If;‘)-d?, where C is an arbitrary closed curve in the xy-plane and

C
F= '”“3’ 15
x2 +y?

WOH FENE H )P +22=9 TN x=2 R UREZ 8 | F = 2227 — 2] + 4x2%k
&F foq TeE e g & g S |

Verify Gauss divergence theorem for F = 2x%yf — y?} + 4xz*k taken over the
region in the first octant bounded by y?* +z2=9 and x=2. 20

AT FHIHOT ;

2
dy (dy

1 — +
y'logy = B [de

& w3t v g W Hiforg |
Find all possible solutions of the differential equation :

2
2 dy [dy
logy = xy—=+| =| - 1
Yy~ logy xydx p 5

T AR &7 ¢ s f afaaa 3 @ s R fag @ dm g 9w (2gh W @ éftw
R ¥ s fn o &1 AR Z>h>a ¥, A fag g i waw g 3
L(a+2h) S wEA W w0 H g A wE & o € | 9w sh Rig P

8 F0 gRT waw fog A IR W sifteew S (4a—h)a +2h)" 4,
274

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 5 >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

2
the particle above the point of projection is (4a — k)@ + 25) ; 15

- 27a®
AN W Fe

2
I+ X =1 a>b>0 IR ETHN A T WA
a+i b+

F daanig w39 wa ifg | gufzg 6 far mn am-ga w@wifas 2
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8.(a)(ii)

8.(b)

8.(c)

Find the orthogonal trajectories of the family of confocal conics °
2 2
x y . g
+ =1; a>b> 0 are constants and A is a parameter. :
A B +A e
Show that the given family of curves is self orthogonal. 10

2
aqaamw’hm:xzz—)z’-zx(1+x)-§3+2(1+x)y=ommmmﬁrﬁﬁql
X X

2

A SaET THIER ; xz%—Zx(]+x)jl+2(l+x)y=x3 H wrEe foERo
X X

fafer grr &a Hiforo |

Find the general solution of the differential equation :

2
xzd—f—zx(1+x)d—y+2(1+x)y = 0.
dx 5

dx
‘ d d
Hence, solve the differential equation : x* d—';, - 2x(1+ x) Fi— +2(1+x)y = x>
% o

by the method of variation of parameters. 10

T m W TE 0, A wEw o & 9 oo & | &fow fowm F w0 @
A areit fean # wEwr fag & ToRA 9 St wwaw # wafva fer s R,
gt Wfer @ar vg & av Fifg | afe Fei @ e fag @ S SR wwaw # 9w
4/g & wr vafE fem s ®, @ 9% va & il & fogma & f fuffa

Fifor |

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 « in a direction making an angle
6 with the horizontal direction. Further, if particles are projected from that point in

 the same vertical plane with velocity 4./g, then determine the locus of vertices of

their paths. 15
e i & 9N o) g0 [[(VxF)-ads @ A frafrg, st w
hy

F=02+y—4)f +3xy] + Quy+2z2)k T91 S, TEATAA z=4— (x> +y?) &
Xy-99ae § I H YS B | TEl A, S W TEHG sfeqal Al afewr € |

Using Stokes’ theorem, evaluate H (V x-ﬁ‘)-ﬁdS ’
s

where F = (x* + y—4)i +3xy] + (2xy +z2)k and S is the surface of the paraboloid
z=4-(x*+ yz) above the xy-plane. Here, # is the unit outward normal vector
on S. 15
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