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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 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. pi i :
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1.(a)

1.(b)

1.(¢c)

1.d)

1.(e)

2.(a)

2.(b)

2.(c)

@gvus ‘A’ SECTION ‘A’

“FfFﬁﬁlQA (2 2) |qmagwﬁaaragpma%&rqaﬁp'AP@Pﬁuf
e B | |

Let 4 =(% %] Find a non-singular matrix P such that P~'4P is a diagonal matrix.
. _ : 10

aaﬁq%wmwﬁ%waﬁmaﬁﬁﬁa@aﬁﬁﬁl
Show that similar matrices have the same characteristic polynomial. 10

W R:{-3<x—)?<3, 1<xy<4) W W f(x, y)=xy (Z+)?) T GHh

HIY |

Integrate the function f(x, ¥) =xy (*+ %) over the domain R: {-3 sx*-)?<3,
1 sxy<4}. ‘ 10

farg (1, 1, 1) W wighast 3x2 —)2 =2z & wasf-aa &1 @it femrforg |

Find the equation of the tangent plane at point (1, 1, 1) to the conicoid 3x? — y* = 2z.

10
: -3 8- z—3 c+3 +7 6
[ELEGEIDRCIED x3 = 1y= 1 ErAS:yz =222 ¥ A A v
I _
Find the shortest distance between the skew lines :
x—3___8—‘y:z—3 a2 x+3:y+7:z—6_ 10
3 1 1 -3 2 4

T % TR F AR A A ¥ e ST 12 iuz,ﬁﬁmﬂz_=9ﬁ
el AT B, T IAGH HIGH HIFY |

Find the volume of the solid above the xy-plane and directly below the portion of
=B
the elliptic paraboloid x? +y7 =z which is cut off by the plane z=9. 15

Uk wwad, fod {67 (a, b, ¢) § & ToRa € a4 et & wAw forgai 4,8 9 C R
el B | g1 forg O 4, B @ C # & IFRA ATl ot & eg b1 ferrg-9 AT
Sy |

A plane passes through a fixed point (a, b, ¢) and cuts the axes at the points
A, B, C respectively. Find the locus of the centre of the sphere which passes
through the origin O and 4, B, C. 15

qufsm fF wFee 2x—2p+z+12=0, M x2+)2+22-2x—4y+2z-3=0, &
wsf FRar ® | weh fovg @ A |

Show that the plane 2x—2y +z+ 12=0 touches the sphere
x2+y?+2z2-2x—4y+2z-3=0. Find the point of contact. 10
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2.(d)

3.(a)

3.(b)
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3.(d)

4.(a)

am S fs U o9 woafen wafy v & SR ge i so-smeny st w fm
V'==6| Su-amater (UNW) & gearfaa fammd sma iy |

Suppose U and W are distinct four dimensional subspaces of a vector space V,

where dim ¥ = 6. Find the possible dimensions of subspace UNW. 10
| ) 1 2 3 1
forenike e wfoem 4 R S RP R, SR W A=|1 3 5 2|1 4 & wirsm
3 8 13 3
A1 o 9w R 9 wHa 4 B B 9 uw snar 9@t 3 if |
' | 1 3% 1
Consider the matrix mapping 4 : R* — R3, where 4=|1 3 5 -2|. Find a basis
3 8 13 -3
“and dimension of the image of A4 and those of the kernel A. 15

firg AR fr s % Rl sr-sfmete afey Was @@ o § |

Prove that distinct non-zero eigenvectors of a matrix are linearly independent. 10

s S
x| = —y
i 1.\_[(—'17;—) L] (xs_y);t(o 0)
My J\A,y}—] xl-+y.:. \ 2 N
0 . (x,»)=(0, 0),
2% f e
= By El S & (0, 0) 1 IRSFer Hiforg |
ol BN s
,\y(l" -y )
it f(5p) =] rgpt ¢ 2 #(0.0)
, (% 9)=(0,0),
02f - %f _
calculate Sy and S at (0, 0). _ 15
ax? +by? + ez =1 % T RER qreaq wsfae & whresed fig &1 frgwa W
I |
Find the locus of the point of intersection of three mutually perpendicular tangent
planes to ax?+ by? +cz2=1. 10

TR B+ 35 B —ax —xy;3x—6y—9z+21=0 & FAIfIR-® H ea%h
HIoTT ara: srehast ol wepfa faaifa i |

Reduce the following equation to the standard form and hence determine the nature
of the conicoid: ¥+ +2%—yz—zx —ay—3x—6y—9z+21=0, 13
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4.(b)

4.(c)

4.(d)

5.(a)

S4b)

z gl & frefafaa fem @ fomf . :
¥ Q=]
x+ap+Iz=3
+ 1ly+az=25
(i) a % T wml & fog e o1 The-gat @ 7
(i) 7 SEl (a, b) & fom wl & forw aqgE & o & afts ga € 7

Consider the following system of equations in x, y, z
x+2p+2z=1
x4+ ay+32=3
x+ llptdaz =5,

(i) For which values of a does the system have a unique solution ?

(ii) For which pair of values (a, ) does the system have more than one solution ?

15
2 2xdx
uteqor shifeg o @@an sd aRa J'—man‘raﬁfaaél_
(1= T
; 3 2xdx :
Examine if the improper integral I T exists. 10
* s (1-22)”
n dxdy 5
ﬁ‘l@eﬁﬁqﬁgﬁn — <7 V&l W D UHF 56 © |
D52 (y=2)
dzdy . et s
Prove that — <_[ <m where D is the unit disc. 10

gus ‘B’ SECTION ‘B’
x-y THAS F WA gat @ Frefa aR aTe sEee qHieor S SN |
Find the differential equation representing all the circles in the x-y plane. 10
ﬂﬂ?ﬁﬁq%&ﬁwmﬁ &TW-%@TQ', ﬁﬂﬂ?ﬂxy=c%§ﬁfmﬁf% | e\-favE
@, sefq g & vehfd R AT aE-eHeE % daaeig gatedl H A
T |

Suppose that the streamlines of the fluid flow are given by a family of curves
xy = c. Find the equipotential lines, that is, the orthogonal trajectories of the family
of curves representing the streamlines. 10

sth-p-mth 4




5:(c) |

5.(d)

5.(e)

6.(2)

U R, FIesEe r=a (1 + cos), St wRits Y@ e seEhR 8, & 3R
# R 8 | m oW # US DI Deell IR W HEe Fehdr € 9o Hiidaigs & foeg
p=0 H TATES TS @ H AR (elastic)@ﬁ‘ﬁ, ﬁwmvmgvrﬁﬁ 4 mg
2, 94T B | wod ol feRETEer |, sefd el afas €, BIel Sdr € | Foll-axev &
o @y e et fE aéz(] +c0s0) — g cosO (1 —cosh) =0, g ITecATHII

S

-~

h h[{UT U] ?\ |

A fixed wire is in the shape of the cardiod » = a (1 + cos), the initial line being
the downward vertical. A small ring of mass m can slide on the wire and 1s attached
to the point » = 0 of the cardiod by an elastic string of natural length ¢ and modulus
of elasticity 4 mg. The string is released from rest when the string is horizontal.
Show by using the laws of conservation of energy that

aéz(l + cosfl) — g cosB (1 —cosO) = 0, g being the acceleration due to gravity. 10

foriat a, b9 ¢ F oo w1 & fou afew
V =(x+y+az) iﬂ+(bx+2y—:)f+(—x+cy+22)kﬂ aﬁgﬂﬁ ER I 1 L s 1 e
afesr & do-l-féumet | smmatfar s fifsg |

For what values of the constants @, b and ¢ the vector

V=(x+y+az)i+(bx+2y—2)j+(-x+cy+2z) k is irrotational. Find the diver-
gence in cylindrical coordinates of this vector with these values. 10

a9 U At faeg o ferfa afewr 7=singi'+cos 20/ + (2 +20)k ® | @k

TRV @ % g W-HIGH vk wHRR T H qun F G v % 99 & overeq fawn § @

f=0 9% FG S |

The position vector of a moving point at time ¢ is 7 =sinz i + cos 2¢ 7 + (1% 4+ 2¢) k.

Find the components of acceleration @ in the directions parallel to the velocity
vector v and perpendicular to the plane of 7 and v at time 7= 0. : 10

(i) fr=fafaa g W@ig sEsd aeieon & g R
(D+)y=z+e* T (D+)z=y+e', Tel y 9 z @A =R x & ®ad © a9l
o d

dx
(i) Solve the following‘simultaneous linear differential equations :
(D+)y=z+e* and (D+1)z =y + e* where y and z are functions of indepen-

dent variable x and D = i _ 8
dx

Lh




6.(a) (i) afe ferdt W @wg ¢ ) SR qen f 9y ) S8 o femm gen &
FATIATA € T HEAT T qHTE A QI § S @ 7 4 HETE & =g e

$I foraet wear smféa g 7
(ii) If the growth rate of the population of bacteria at any time ¢ is proportional to

the amount present at that time and population doubles in one week, then how
much bacterias can be expected after 4 weeks ? : 8

6.(b) (i) SR HIHU : xyp? —(x*+)?— 1) p+xy= oaswtp—d— 2, ® fER
ﬁ'ﬁﬁﬂllu—xzﬁiﬂv—y mmmmw(ﬂmrautsfom)ﬁ
u,vamp=~ﬁ6q?ﬁa?r%m[mmmmmﬁamaﬁgaa?rﬁrql

(i) Consider the differential equation xyp?-(x2+3)?—1)p+xy = 0 where

e g, Substituting # = x* and v = y? reduce the equation to Clairaut’s form
i : ‘

Gt vy 3 '
in terms of #, vand p° = T Hence, or otherwise solve the equation. 10
' u

6.(b)  (ii) frmfafaa wR@eE-am m RO H T hIT :
20" +4y'+y =0, y(0)= 3-2 qy(0)=0 |

(ii) Solve the following initial value differential equations :

20y" +4y'+y=0, y(0)=32 and y'(0)=0. 7

6.(c) T THaHE 3iefen, Sfast & ¢ For IR ok U T GHAA I AT T I8 1 A
- ¥ Tl e gu @ R | G & Y ¢ o sftremam w A feleng | afg ¢ A
0Y M ¢ 9« F1 g8 qrarEe B g v ’
A uniform solid hemisphere rests on a rough pléne inclined to the horizon at an
angle ¢ with its curved surface touching the plane. Find the greatest admissible

value of the inclination ¢ for equilibrium. If ¢ be less than this value, is the
equilibrium stable ? : 17

7.(a) g% r = (a.cosa, a sin6, a@) & fowdt o ﬁq’r_g 7 =(0) R Thal-afey T FH qfgor
frafera | gufed for uet forg @ Toef Y@ W e M T @ fag-ua wE 9% © S
qufeq & srfquRaeast 12 +)2 -2 =a® R @@ 2 |
Find the curvature vector and its magnitude at any. point 7 =(60) of the curve

7 = (a cos0, a sinO, af). Show that the locus of the feet of the perpendicular from
the origin to the tangent is a curve that completely lies on the hyperboloid
e e 16
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7.(b)

8.(a)

(i) frafafaa smaea wie @ g Hif .
2
xl—;—%—4x3y=8x38in(x2) |

(1) Solve the differential equation :

d?y dy . ~
x—= —— —4x3y = 8x3sin(x2). 9
I (x%)

(i1) ﬁmﬁﬁawaﬁaﬂwﬁw-ﬁwﬁ%%meﬁaﬁm:

2
d—;’—@H y =44 —T6x — 48x2 |
dx= dx
(i) Solve the following differential equation using method of variation of
parameters :
-d—z-l——(-ll— =44 — 76x — 48x? 8
&2 dx - ' '

R ZH g9 & e favg 4 @ U8 a0 |, 99 & srgfey $et Shar ® S 3@ A S
g p o 9 # & wem B | ¥ 7 & 7a Aifsie g = @ 9 ) & o
wigfrar = = |

A particle is free to move on a smooth vertical circular wire of radius a. At time
t=0 it is projected along the circle from its lowest point 4 with velocity just

sufficient to carry it to the highest point B. Find the time 7 at which the reaction
between the particle and the wire is zero. 1T

WA\ 9R 9 r Brear &1 uw mer R 8.8 freur i Seaer gl i a6l ) fen
AR W b QAL (h>2r) ET TEE q U IR I © | qufsd fR e @t urE

_ 3 3
& Gde & 3l FW aW | R 71 TEaw w1 {W{h—_j’ J+W’(r—h+32' H

RZ 2
AL IW BT W | W am Mo gR1 farenfia aret @6 9R R |
A spherical shot of W gm weight and radius » cm, lies at the bottom of cylindrical

bucket of radius R cm. The bucket is filled with water up to a depth of 2 cm
(h > 2r). Show that the minimum amount of work done in lifting the shot just clear

2 2

: ' g3 B ;
of the water must be {W(/zf—si J+W’[r—h+§] H cm gm. W' gm is the

weight of water displaced by the shot. : 16

7 sth-p-mth




8.(b) e TR G F S SRR F gRT B I

d? ' : h
2 +9y=r(x), y(0)=0, y'(0)=4
z Rsinx: Tl 0<x< T
Sl 9 r{(x) =
g ( ) {0 ?Jlﬁ X227

Solve the following initial value problem using Laplace transform :

dZ
d2

where r(x) - {

2 +9y=r(x), y(0)=0, y'(0)=4 |

8sinx if 0<x<m

0 if x=x

8.(c) (1)anm?rj sfﬂarﬁwnﬂqﬁﬁaaﬁﬁq

el W F =3xy? i+(yx2 —y3)_f-|—32x2k
qAT S e 2 +22 <4, -3 <x<3 FH IB % |

a ~

(i) Evaluate the integral : j‘j‘ F-rids where F = 3xy? in+( yx? — yJ) Vi
B

g7

and S is a surface of the cylinder y* +z*> < 4, -3 < x < 3, using divergence

theorem.

8.(c) (i) W= WHI & WA & J'F(F)-dF &1 AmTE R # g S
C

s

wet ® A7) =(x? +52) +(x2 =57

A dF = dxi +dyj IR T C, &= R:{(x,y) |15.y~.<.2—x2} $ uftfer 2 |

(ii) - Using Green’s theorem, evaluate the IF (F)-a’F counterclockwise

G,

9

where F(F)= (x2 + yz) i'+(x3 —yz)f and dF =dxi +dyj and the curve C is

the boundary of the region R = {( X, )

lgsys 2—.\'2}.
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