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QUESTION PAPEER SPECIFIC INSTRUCTIONS

Please read each of the following instructions carefully before attempting questions.
T'herc 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 arc to be attempted choosing
at least ONE question [rom cach Section.

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

Answers must be written m 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 writien in medium other than the authorized one.

Assume suitable data, 1f considered necessary, and indicate the same clearly.

Unless and otherwise mdicated, symbols and notations carry their usual standard mecanings.
Altempts ol 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 ofT, '
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Qusg ‘A’ SECTION ‘A’

1.(a) AH T A:(% %) | Udh HcHAITT 3TTeqg P AT hifog atfek P-'AP Ueh feemul-
S
Let A :(% %) Find a non-singular matrix P such that P~'4P is a diagonal matrix.
10
1.(b)  cufzu fF awed smegel & awe Atdadeiie 9gae 3id © |
Show that similar matrices have the same characteristic polynomial. 10

1.(c) g R:{-3<x2—3?<3, 1 Sxp <4 R T4 f(x, y)=xp (*+yY) FN GHGA

HIST |
Integrate the function f(x, y)=xy (x*+ %) over the domain R: {-3 <sx-y s3,
| sxpy<4y. | [0

1.(d) forg (1, 1, 1) W wiwast 3x2 —y? =2z F F9d-dd AT qHER0 THahTiery |
Find the equation of the tangent plane at pomnt (I, 1, 1) to the conicoid 3x% —y% =2z,

10
NN, . ;'_3 8"" .?.'—3 ,—'+3 f+7 _6
1.(c) Tauwaara @l k3 = ly: - : ; :-}2 —24 & S A A
aﬁliéq |
Find the shortest distance between the skew lines :
.);—3:8f—y:z—3 N .I+3:_jf+7:z'—6_ 10
3 ] 1 —3 2 4

)

2 B Cn 2 e |
2.(a) xp-de & W & AR 3% A F gragad RIETANTE x° A “14 —z, S A z=9 ¥
F2T AT T, H ATAGT ATGH HifT |
Find the volume of the solid above the xy-plane and dircctly below the portion of

2
the elliptic paraboloid x~ - '); =z which is cut off by the plane z=9. L5

2.(b) U gadd, frda faeg (o, b, ¢) § A TERAT € A1 Hedl hl wH fawgd; A4, 39 C R

Fredl @ | ud fag OFI A4, B 9 C W & ERA A W & g HT TaeguT A4
i .

U |

A plane passes through a fixed point (a, b, ¢) and cuts the axcs at the points
A, B, C respectively. Find the locus of the centre of the sphere which passcs

through the origin O and A, B, C. 13
2.(¢c)  wuiEzu b owEAd 2v-2p tz o 12=0, T a2 22y 4y 422 -3 =0,

Tt AT € | 'reh feawg 9 IS |
Show that the plane 2x— 2y +z+ 12 =0 touches the sphere
vi 432 422 =2y -4y + 2z~ 3 =0. Find the point of contact. 1)

sth-p-mth 2
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2.(d) W e fE U o oafeu wafy v & SR geow i su-sery siet w
=6 | Su-3mara (UNW) & gearfad fammd sma ffsa |

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

where dim ¥ = 6. Find the possible dimensions of subspace UNIW. 10
- | . (12 3 1)
3.(a) [FHTRT ATUR-Feeq 4: R S R B, T/ W A=|1 3 5 2|1 4 & wlgsm
3 8 13 -3,
$l fa/T 9 U AUR TAT FAd 4 H fam 9w naR 9@ w7 ik )
1 4 3 1°
Consider the matrix mapping 4 : R* — R, where A=|1 3 5 -2/|. Find a basis
and dimension of the image of 4 and those of the kernel 4. 15

3.b)  Tag & o6 stege & fafim siymg-srfiaafies afes Was @ax 29 §

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

r"

xy(xz —yz)
3.(c) afe f(x, y) =3 x2+y? " ('x* y) + (O* 0)
0 , (x,y)z(O, 0)-..
Zf aZf

Ty T oo %l (0, 0) &1 URead o |

-

) 2
_1'3;(_);" — y“)
, (x, y)#(0, 0

Iff(_r,y)=< X242 ( y) ( )

L0 . (%, 2)=(0, 0),

f ¥ ﬁ
calculate Ny and Dyox at (0, 0). 15
3.d) a’+hPte=1F A RER drEEq wdfaal & wfiese farg @ fargwr W@

HIT |
Find the locus of the point of intersection of three mutually perpendicular tangent
planes to ax?+ by? + ¢z = 1. 10

4.(a) IR 32+ + 22— yz—zx —xy—3x—6y—9z+21 =0 o WUAIEH-&T H =Ah
IS 31 STTehasl &l wafa freika Sifsa |
Reduce the following equation to the standard form and hence determine the nature
of the conicoid: x*+y’ +z°—yz—zv —xy-3x—6y -9z +21 =0. 15

3 sth-p-mth
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4.(b)  x,y, z ® gdeen & faefataa e @ e
x+2y+2z=

]
Yoy 3z=23

vk llyp ¥ az=10

(i) a % Fm we S fom faem w1 veEd 2 7

h\‘

(11) Y¥H T;le.?:'[ (¢t. D) & tora 74T <k [:{71[1} JHTT % Uk H TEIRE = % ?

Consider the followimg system of cquations m x, v, z:

v+ 2y + 2z=1

X+tay-+3z=3
x+ 1lly+taz=0.

(1) For which values of @ does the system have a unique solution 7

(i1) For which pair of values (a, b) docs the system have more than one solution ?

5
L 2xdx
4.(c) e AR fF R sEa wHEd | 575 1 ST 2 |
0 (1—-1‘“)
L 2xdx '
Examine if the improper integral J‘ — 7 ex1sts. 1 O
()
j’T df{'d)»’ " ™
4.(d) fag it o6 — ﬂ_” = S 7T el W D Tshd T 2 |
> b \/.;173 +(y—2)"
T dxdy . L.
Prove that — 5_” = <7 where D 1s the umt disc. [ O
3% \/x?“ +(y—2)”
g ‘B’ SECTION ‘B’
S5.(a)  x-y GHdd H gl gai & el wa JTe dEed aHiEe S g |
Find the differential equation representing all the circles in the x-y plane. 10

5.(b) AT S fora fopet gau-vare 6 RI@TU, 9% GUSE xy = ¢ & gl Ugisid § | |-
Wi, AU aRI@EH S WEfiia wRA AT aeh-eied & daeRivia qalqdl ol A
T |

Supposc that the streamlines of the fluid flow are given by a family of curves
vy = ¢. Find the equipotential lincs, that is, the orthogonal trajectories of the family
of curves representing the streamlines. 1 O

sth-p-mth 4
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5:(c) Ueh dR, &M23022 1= a (1 + cosO), el URFIE @1 J9Nd FedieR o, & ATER

§ {OR 2 | GHAM &1 TS DI wed] OR TR TR "edl © 9A1 ElsAE: o b
pe= (A FIATRE FTFIE o 1 AT (elastic) ZR1 E, [EERT geaqm@=qdqr e 4 mg

e
-

2, TG 2| wed &1 fEawAeay #@, A 2R s s 2, WIE AR 2 | SRRV T
AT T WAND wE AT [T a07 (1 cost) - g cost) (1 - cosf) = 0. g AT
T R THL 2

W/

A fixed wire s in the shape of the cardiod » o {1+ cosO). the mtal hime baing
the downward vertical. A small ring of mass m can shide on the wire and s attacied
to the pomt 7 = 0 ol the cardiod by an clastic string of natural length ¢ and modui:
of elasticity 4 myg. The string is released from rest when the string 1s horizonial,
Show by using the laws of conscrvation of cnergy that

ah” (1 + cosh) — g cosO (1 —cos@) = 0, g being the acceleration duc to gravity. 10

5.(d) ORI a, b3 cF o7 A & U Tty
V =(x+ y+az) [+ (hx+2y—2)/+(=x+cy+22) k 3 QFii ® | 2T A & AT 9
afest & Far-facameat | staarfar g shifso |

For what values of the constants @, & and ¢ the vector
V =(x+y+az) fﬂ+('b.?c+2)9—-3)jﬂ+(—x+cy+23) k18 1rrotational. Find the diver-

gence in cylindrical coordinates of this vector with these values. 10
5.(¢) arg 9K UE taae fawg o feafa wfgyr F=sine i +cos 205 + (2 +20) k © | TES

EXUT @ < AT AN-AIGST v F AR QT H T4 7 9 ¥ & ad & ovdad Qe | g5y
(=0 R T ST

The position vector of a moving point at time ¢ is F=sint 7 +cos 277 + (12 +2) k.
Find the components of acceleration @ m the directions parallel to the velocity

vector voand perpendicular to the plane of » and v at time 7 = 0. , [ O
6.(2a) (i) TrAfatea gorod Wi sEdd G &1 gd iU
(D+tD)y=z+e* 9 (D+1)z =y + e, STel v d z Gdd W v & %ed © aul
d
D = |
X
(1) Solve the following simultancous hnear differential equations
(D+1D)y=z+¢" and (D+1)z =y + ¢' where v and z are functions of mdepen-
. d
dent variable x and D= —. | 8
(X

5 sth-p-mth
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6.(a) (i) afe fen o amg ¢ ) Fedfan e & gig ) S’ gHg T9REE gen |
AT & TAT 66T U U1 | g AU F AT § 99 4 GHTE & S1G Al {Al
il fopat aean sMtéa € ?

(11) If the growth rate of the population of bacteria at any tume ¢ 1s 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

Q

6.(b) (i) 3E@ehd GHIGRU : xyp’—(x*+ 2 =D p+xy =0, T R p:d g, W 99K
X

SISTT | 4 =x2 TAT v =32 gRI gtqeamd ax c’r@(lx:ic,[ﬂ &9 (Clairaut’s form) H
, _dv | A
u, v AT p :d—vﬁmﬁﬁﬁmladqq qT 3T GHIGYT &l B hifoTT |
U

(i) Consider the differential equation xyp?—(x*+y*—1)p+xy = 0 where

= ifl). Substituting ¥ = x? and v = y* reduce the equation to Clairaut’s form
P=- = b4 q
X
., dv : .
in terms of 4, v and p° = —. Hence, or otherwise solve the equation. 10

du

6.(b) (i) Trafafaa yrFeam sEsa ade=m &1 g ST
20" +4y' +y =10, y(0) :3'.2 qy'(0)=0 | .

(11) Solve the following initial value differential equations :-

20" +4y'+y=0, y(0)=3-2 and y'(0) =0. 7

6.(c) Teh ThaHTE TERTT, 8fast & ¢ 60 9 o gU BT FAad TR A9 q5hid IS5 hl G
a Tl RS U @1 @ | Ao o oI ¢ o1 Sftend® a1l JIF Hehilei | afg ¢ 1 /e
78 A © 99 F41 g8 argree] fer g ?

A uniform solid hemisphere rests on a rough plane inchned 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, 1s the
equilibrnium stable ? 17

7.(a) T 7 = (a cosh, asinf, a0) & faat @ favg 7 =(0) R aspar-afey @ z@er aiHm
frertfern | qufza fF ¥o famg & el W@ R e ™ sraurg &1 fag-99 U 9 2 S
qufey A stfquadast x2+y?—z22=q? R I 2 |

Find the curvature vector and its magnitude at any point r = (0) of the curve

F=(a cosO, a sin@, af). Show that the locus of the feet of the perpendicular trom

the origin to the tangent is a curve that completely lies on the hyperboloid
24y —z2=q2 16

sth-p-mth 6
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7.6) (i) Trafafaa saea afiexo @ ga i

d%y dy .
X y g d 4.3%° pr=Rsinle? ) |
X= X

(1) Solve the differential equation :

A 'y dy

- ,: : 4x7y = 8x7sin(x?). 9
e i -

7.(b) (il) TTATIRaa sEea adaa & gr=a-ta=r @3ty & grr sa Sifvo

d*y dy

il 2y =44~ T6x —48x? |
X~ X

(1) Solve the following differential equation using method of variation of

parameters :
d’y dy ;
- 2y =44 —-76x —48x~. | R
dx=-  dx -
7.(c) Ueh 0T T515aT ¢ o Tl Featar gareaR R R dod H &&6a9 ¢ | IRiths 99d 1= 0

R ZE I & TH tavg 4 9 UH AT 9, 99 o 3RSl Rl Sl @ ST 36 AT SaH
57 B A& S H B 98 © | G9F T &l A1 St 5 @) &1 9 ar & &9
JiTiehaT S &l |

A particle 1s free to move on a smooth vertical circular wire of radius a. At time
t =0 1t 1s projected along the circle from 1ts lowest point 4 with velocity just
sufficient to carry it to the highest pomnt B. Find the time 7" at which the reaction
between the particle and the wire 1s zero. 17

8.(a) WoaH AR 9 ¢ TSAT &1 Us Al R 9.HL T3Sa1 6 dddrek gredt i ael W fera
2 Al # gy AL (h > 2r) TR q U AR BT R 1w fF M @ ue

| F 3 ( J1

S = 4 9 ]

Sl TAT h Bl U oM H Tohgn 131 gqaq &1 | W | A W= ht——
) K 3R“) \ £l

g9, ™ e Jfee | W um Mo gRy faetua 9t & wR @
A spherical shot of W gm weight and radius » cm, lies at the bottom of cylindrical

bucket of radius £ c¢cm. The bucket 1s filled with water up to a depth of /7 cm
(/1 = 2r). Show that the mmimum amount of work done in lifting the shot just clear

-

A (2

of the water must be | W /i g |+ B | Pl cm ogm. W' ogm 1s the
L BR—/I \ 3RH/

weight of water displaced by the shot. | 6

7 sth-p-mth
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8.(b) frmfafad wrftie-wH awe & dudE TURRI & GRI Bl <hifTg ;

2
@ _): FOy =r(x), ¥0)=0, y(0)=4
ax-
3 {8 siny Ite 0<x<nm
Sel W r(x)= .
- O e x=27

Solve the following initial value problem using Laplace transform :

d“f -9y =r(x), y(0)=0, »(0)=4

=
8smx if O0<x<n~x

where r(.x) = | 17
O if x=x

8.(c) (i) GHTHAA J'J‘ F-iids o7 19a0T 9RT d B hilaU :
5 .

el R F =3xp? i +(yx? - p3) /432 k

FoT S e 2 +z2<4,3<xy<3 & YB © |

(1) Evaluate the mtegral : ” F-nds where F =3xy> i+ ( X — yj)f +3zx2 k.
)
and S is a surface of the cylinder y* +z* < 4, -3 < x < 3, using divergence
theorem. | ;

8.(c) (i) = WHT &1 FANT fF(F)-dF T FHETET TeN H TR iy -
C

et W F(F)=(x2 +p2) i +(x2 - y?) )

JA dif = dxi + (‘{}-j; 3R =k C, T R = {(_r,y)

| =y < 2—..\:2} I giter § |

(i1)  Using Green’s theorem, evaluate the J.F(F)-df countcrclockwisc
. |

where [(r) = (-1‘2 + J,:z) 1 -F(.ﬁ:z - 12)/ and oF = dxi +dyj and the curve C is

the boundary of the region R = {(11) ‘ <y 2 - .\'3}. 3

sth-p-mth 3
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