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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 HINDT and in ENGLISH.
Candidate has to attempt FIVE questions in all.

Question Nos. 1 and § 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.

Altempts 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. o :
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1.(a)

1.(b)

1.(c)

1.(d)

1.(e)

2.(a)

2.(b)

2.(¢)

Qs ‘A’ SECTION ‘A’ :

m?rzﬁﬁT{A (2 2) 1EWWPW%QHT%P'AP®W
q=ge T |

Let 4 =[% %) Find a non-singular matrix P such that P~'4P is a diagonal matrix.
: ; 10

quIfgu for wHed sreggl & AT SAfsereriies Sg9g B © |

Show that similar matrices have the same characteristic polynomial. 10
T R:{3<x2-)?<3, 1<sxy<4}WR & [f(x, y)=xy(2+)y?) & GHERH
IS |

Integrate the functlcm f@x, yY)=xy (®+)?) over the domain R: {3 <x*- <3,
1 <xy<4}. 10
farg (1,1, 1) R wishest 3x% —y? =2z F wsbaa & R femtterg |

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

10
. x—-3 8- z—-3 c+3 +7 6
ol amalt ~ - === T =2 == & e el T
#1u | '
Find the shortest distance between the skew lines :
x—3:8—y:'z—3 sitid] x+3:y+7:z—6' 10
3 1 | -3 2 4

w.aaa:waqsﬁzmaﬁa:aaq?ﬁaw@32+§=z,sﬁw3=9a
FIT BAT €, T AATH HIGH Hif |

Find the volume of the solid above the xy-plane and directly below the portion of

Sl
the elliptic paraboloid x2 +}’T — z which is cut off by the plane z =9. 15

us audd, a6 (a, b, ¢) § ¥ ToRAT @ TAT @A H FAW fog; 4,89 C W
Fledl © | gl foivg O 4, B 9 C § | Tt aTd Mt & g 1 {elvg T AT
S |

A plane passes through a fixed point (@, 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

gy & awae 2\—2y+4+12—0 Mol x2+y2+22—2x—4y+2z-3=0, &l
sl ear § | aeah fovg @ i |

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)

3.(c)

3.(d)

4.(a)

e i f U 3 ol wafy p & 9r geaw g sv-smey set ™ R
V=6 | ST-3mwy (UNW) =it gealaa famd sma i |

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
| a 1 2 3 1
foeicg sregpafaedn 4 R S RP R, SR W A=|1 3 5 -2 | 4 & wlem
3 8 13 -3
$ fr 3 & UR AT w4 Y T T aner s i |
| 1 2°8 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 4 and those of the kernel A. 15

fag iy & arege & fafim semr-afieafie oty s @aa a7 €1

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

2y
XY\ X" =Y
'qﬁ' f(x'.' }’)= £2+y2 ) 2 ('x’ y) * (0, 0)
0 , (x»)=(0, 0),
%f 9 f
™ aa  dvx &l (0, 0) 1 afewe Hiforg |
o
xy(x® —y )
If f(x, y) = _-E:Z—_'_J)z_ ) (x: y) + (0, 0)
0 . (% »)=(0, 0),
' i 02f |
calculate diiy and __ayax at (0, 0). 15

ax? + by’ +cz> =1 % qH RER e endfae & wisse fag @ g W
Hif |

Find the locus of the point of intersection of three mutually perpendicular tangent
planes to ax?+ by* +cz2=1. 10
AR 2 +)2 + 22— yz—zx —xy—3x—G6y—9z+21 =0 & YHNH-&T & =
HIfore s aierast & wgfa fAuiika Sifsg |

Reduce the following equation to the standard form and hence determine the nature
of the conicoid: x*+y?*+z22—yz—zx —xy—3x—6y—9z+21=0. 15
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4.(b)

4.(c)

4.(d)

5.(a)

5.(b)

%y, 2 & TR ¥ fraffaa fram @ ek :
Xk 29k 2z=]
x+ay+3z=3
x+1ly+az=b

(i) o & fF ol & fou feem w1 usa-ga 2 2

(i) = S8 (q, b) & & A & 0 TgE & o @ aftis g @ 2

Consider the following system of equations in x, y, z
xt2p+2z=
X4 @y +32=3
x+1ly+az=05b.
(1) For which values of a does the system have a unique solution ?

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

15
¢ 2xdx
e Hfrg B w0 o wAEE | ——— 7 @1 siferd |
frme
b oy : : 2xdx : ‘
Examine if the improper integral _[ ——— CKISIS, 10
/4 dxdy o
ferg ifom f5 < < _” — <7 et W D T e |
D A+ (y-2)
Prove that % <[[ ] ) — <7 where D is the unit disc. 10

«usg ‘B’ SECTION ‘B’
x-y THAE F | gt @t el aR AT s Wi S S |

Find the differential equation representing all the circles in the x-y plane. 10

mﬂﬁﬁﬁ%ﬁwm?ﬁwm H’ﬁ??l'ﬂamxy=c%§m‘5ﬁﬁﬁ% | au-fama
x@a, afq am%maﬁaﬁuaﬁhaﬂﬁm%mw%wﬁaﬂaﬁmaﬁm
iy |

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
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5.(¢c) |

5.(d)

5.e)

6.(a)

TF IR, FIEaEE r=a (1 + cos0), o URMIE J@T amg Featr 8, & IER
7R 2 | m oHH F1 UH Slel Feal AR R TREA Gehdl © 99T FEAZE & fevg
F=0 ¥ TEATEE =TS g T TAEA (clastic) IR A, Fraet weomedar IutE 4 mg
B, 9HT © | weol ol GUHEEAT |, Saie el &fdst ©, SISl Sidl & | Soll-|<evl &
framt & v aR gt 6% (1 +cosf) — g cos@ (1 —cosf) =0, g TEATH
& T 0T © |

A fixed wire is in the shape of the cardiod » = @ (1 + cos@), the initial line being
the downward vertical. A small ring of mass m can slide on the wire and is 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 1s horizontal.
Show by using the laws of conservation of energy that

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

fOR®T o, bd & T wEl & fou afew
V =(x+y+az) ia+(bx+2y—z)f+(—x+cy+2z)kn 3¥E£“ﬁ F I 1 L= O =1 i
afew & Sor-fdsment & srwanfar s Hifog |

For what values of the constants a, b and ¢ the vector
V=(x+y+az)i +(bx+2y—z)]+(=x+cy+2z) k is irrotational. Find the diver-
gence In cylindrical coordinates of this vector with these values. 10

A ¢ W U TTiaE faeg @ feta mfew F=sing i+ cos 265 + (12 +20) k B | 3@
RN @ < HFUE A-AfGY v ok AR fos # 9@ F @ v oh dd o oEad foem ¥ awg

t=0 T AT a’sll??ml

The position vector of a moving point at time ¢ is 7 =sin¢ i + cos 2¢/ +(¢% + 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 = 0. : 10

(i) frafafaa g Wia sEda gl @ gd Fifsg .
(D+D)y=z+e* T (D+t)z=yp+e*, TRl y 9 z @aF 3R x & ®Ad © A
DE(—ll

dx

(i) Solve the following simultaneous linear differential equations :

(D+1)y =z+e¢e"* and (D+1)z =y + e* where y and z are functions of indepen-

dent variable x and D = i _ 8

ax
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6.(2)  Gi) afz B st wm ¢ w AR wen 3y | 96 N fEwE den %
FATAT R AT G T WHTE # QY U B S | T 4 WHTE & A0G AT
it ot wen snfta @ 7

(i) 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) 3rFehe THIERUT @ xyp?— (2 +)2— D p+xy= oaaq?;r Y 3w fER
Eﬁﬁﬂllu—xZHﬂTv—fmﬁﬁwmaﬂmm(ﬂalrautsfom)ﬁ
u,vamp——ﬁmﬁaﬁﬁqlmmmmaﬁwaﬁeaaﬁrﬁql

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

p:’d_d:. Substituting # = x? and v = y* reduce the equation to Clairaut’s form |

dv
in terms of «, v and p = E_ Hence, or otherwise solve the equation. 10
u

6.(b) (i) Frefufaq TRMEm-aH Eewa ariaxul F B FRAY :
20" +4y' +y=0, y(0)=3-2 Ty(0)=0 |

(ii) Solve the following initial value differential equations .

200" +4y' +y=0, y(0) =32 and y'(0) =0. 7

6.(c)  Ueh UHEHT HelTie, Aot & ¢ I 9 Hh TY T THAG T T Fh1T I55 i T
i ¥ Tasf FA T @ R | e & g ¢ arfrenan mer "W faiferg | afg ¢ o W
|Y FH ¢ q F1 a8 areEen @R @ |
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) dsh F=(a'cos'6, a sinf, af) & feret o %Iﬁ F=(0) X ashal-alesr 9 3aeRt IiRHm
frarferg | gufed f we farg @ sl Y@ W 3@ T wvEmR @ fag-ag uE 9 2 S
‘:ETF@“T A afaaaaas )cz+_]22—-.9:2_=a2 R fea % |
Find the curvature vector and its magnitude at any- point ¥ =(60) of the curve

F = (a cos0, a sinf, 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
x2+y2~22=a2. 16
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74b)

7.(b)

7.(c)

8.(a)

(i) Frafafea sea aiie=o = a1 g

(1) Solve the differential equation :

(ii) ﬁmﬁrﬁaaaﬁamwﬁwaﬁw-ﬁwﬁ%%mﬁﬁﬁmz

d’y dy 5
2y =44-T6x 482" |

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

parameters :

2
2 D oy=a4-T6x-4822. . 8
dx* dx :

U F BT ¢ & fael SEafer gieR R R Fedd | @ad © | TR a9g =0
W EH I & Trad fovg 4 @ WH A 9, 99 & ey thept STar @ ST 3@ AT I=AdH
fag pasal 9 # & 9eW € | @9 7T # A9 Hifvg e ) w0 9 IR & o=
wfafsmar = 2 |

A particle is free to move on a smooth vertical circular wire of radius a. At time
t=0 it 1s projected along the circle from its lowest point 4 with velocity just

sufficient to carry it to the highest point B. Find the time T at which the reaction
between the particle and the wire is zero. 17

W I AR 9 r Brear &1 us wer R Q.. Brear f AR gredl i g ) Ra
B A W h QAL (h>2r) B TS qF T R AT 2 | quied fF M @y g

I wdqe & 3w FW aR § R o Twaw w1 {W(h_%}rw,[’__m;riﬂ
a9 B AR | T e Ry ferenf e 6 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 4 cm
(/> 2r). Show that the minimum amount of work done in lifting the shot just cledr

: ? 453 qed '
of the water must be |W| A - }? +W |\ r—h+ i =|| cm gm. W' gm is the
3R 3R*

weight of water displaced by the shot. ' 16
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8.(b)l frferfas TR A T B AT SR S gRI gl I ;

d?y /
=+ 9y = r(x), y(0)=0, y'(0)=4
dax~
¢ o () {SSinx e O0<x<m
STel Flx)=
- 0 afe x=n

Solve the following initial value problem using Laplace transform :

d2y ’
Ecj+9)’=r(x), y(0)=0, »(0)=4

g8sinx if 0<x<m

where 7(x)= {0 . 17
if xz=x .

8.(c) (i) warReA ([ Foids w1 sfieor wia & e A
. s _

Sl ) F =3xp° i‘+[yx2 —~y3).f +3zx2 k
qar S T 2 +22<4, 3<x<3 FIB % |
(i) Evaluate the integral : U F-nds where F = 3xy? f‘+( yx2 — y3) F+32x2k
s

and S is a surface of the cylinder y? +z? < 4, =3 < x < 3, using divergence
theorem. _ 9

8.(c) (i) W= W8T T WA @ jF(F).d# 1 ATt R F e S
[

Ay

st W F(F)=(x2 +y2) £ +(x2 - y2) ]
AT dF = dxi +dyf 3ﬁ{ % C, & R={(x,y) I 1 Eyé 2—x2} #r afkfyr 2 |

(ii) - Using Green’s theorem, evaluate the IF (F)-di-’ counterclockwise
C “

where F(7)=(x2+y2) i +(x2 - y?)j and dF =dxi +dy/ and the curve C is
8 J )

the boundary of the region R = {(x,y) | lg2y<s2 —.\'2}. 8
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