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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, | .
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1.(a)

1.(b)

1.(c)

1)

1.(e)

2:(a)"

2.(b)

2.(c)

TUus ‘A’ SECTION ‘A’

A g Az(% %) | Uk g e P AT hifere arfes PolAP Ue faei-
e B ‘ '
Let 4 =( % %) Find a non-singular matrix P such that P~'4P is a diagonal matrix.

10
cufzy fof aweT amegel & wwe sifiaefire 9gus e ¢ |
Show that similar matrices have the same characteristic polynomial. 10
W R:{3<x2—3*<3, 1<Sxy<4} W T f(x, y)=xp (P+)?) o GHIHH
HIT |
Integrate the function f(x, y)=xy (x*+)?) over the domain R: {3 <x*-)? <3,
1 <xy<4). - 10

farg (1,1, 1) W wihest 322 —y? =2z % Taal-aa &1 GHIER0T fetierng |

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
faramaetta @t YB = 1y= 1 313 ='y2 =z4 & S FAaH-g T
Frfvre | | '
Find the shortest distance between the skew lines :
x'—3:8ﬂ'y:z—3 b x+3:y+7:z—6_ 10

3 1 1 =3 2 4
' 2

xy-del & SR F AR Bk A & Qg REage x2+yT=z, ST THad z=9 §
T BAT B, T HTATH AT T |

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

)

the elliptic paraboloid x? +y7=z which is cut off by the plane z=9. 15
us wwad, fad 67 (a, b, ¢) § & ToRaT € T4 Hedt & FwAw fowgai 4,89 C W
Fleal B | 9 foarg 0T 4, B & C & & TEA AT el & g b1 ferg-a 1@
ST |

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

qufzm % wwad 2x—2p+z+12=0, M x2+)2+22-2x -4y +2z-3=0,
st oear ® | awueh fag wma i |

Show that the plane 2x -2y +z+ 12=0 touches the sphere
x2+y?+22—-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)

am St U 9 woafen Al v & 9R geww feia sw-smeny it w R
V=6 | Su-3may (UNW) it wvarfaa fammd sma i |

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

where dim ¥ = 6. Find the possible dimensions of subspace UNW. 10
| ) 1 2 & 1
forafcy smeggwfoea 4 R 5> R3®, SR W A=|1 3 5 —2| 1| 4 < ufem
3 8 13 -3
H e o T uR 9T w4 Y i a uw anaw i s iy |
| | 1 2% i
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 4. IS5

mﬁﬁq%a@g%%ﬁﬂmﬁ-maﬁﬁﬁﬁfmméﬁ%

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

2.2
xylxs—y
e f(x )= LJ“) . (%) %(0,0)
0 ., (x,9)=(0, 0),
9%f 0%f
a0 . By &l (0, 0) 1 aRepa Fiferg |
xy(x2 - yz) o
If flmp)={" 22452 * (x, ¥) = (0, 0)
’ (x:y)=(0’ 0)3
az ¢ aZf |
calculate 23 and __ayax at (0, 0). | 5

ax? +by? +cz? =1 % q RER Traa wsfadt & wfesen fog a1 fagug s
I |

Find the locus of the point of intersection of three mutually perpendicular tangent
planes to ax?+ by? +cz2=1. 10

THYHIT P+ —yz —zx —xy;3x—6y—92+21=0 H yEIfiR-EY H %h
HIfSTy ord: emerest i wepfa fratfa Shifsa |

Reduce the following equation to the standard form and hence determine the nature
of the conicoid: x>+)?+22—yz—zx —xp-3x—6y—9z+21=0. 15
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4.(b)

4.(c)

4.(d)

5.(a)

5.(b)

x,y, z # wHrERet % frefes Fem @ e ; , :
%+ 2yt 2z =1
xFgprIdz =3
x+ 1y saz=5

(i) a & T o=t & fou frem @1 geasa @ ?
(i) 79 SEl (a, b) & o 7l & fou a9gE & v 9 st ga € 2

Consider the following system of equations in x, y, z
x+2y+2z=1
X4 ay +3z=3
4+ 11lp+dz =d.
(i) For which values of a does the system have a unique solution ?

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

15
2xidx -
e HITg & 1 swa wHhe IWEH&T%?&%I
<2 _
- ; : 2xdx ; '
Examine if the improper integral _[ —————= exists. 10
| 0 (l—xz) )
e dxd ¢
frg Hifm 5 2 <[ YL <7 Wt | Dt feww
D \[xz +(y-2)
Prove that — H dxdy <gm where D is the unit disc. 10
\jx L y 2

g ug ‘B’ SECTION ‘B’
x-y gHad | adl g9l # Frefia o 99T sEwd TS A I |

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

WWWW-W@W-W,_WWX)}ZC%WHE&%%lﬂﬁ-ﬁ‘lﬁ
Yarail, ety aXaT F et W A awh-ae % e gt @
HITWT |

Suppose that the streamlines of the fluid flow are given by a family of curves
xy = ¢. 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)

T dR, &Mfe3Mze = a (1 + cosO), Tadht wrive @ srava seafr 8, & 3mar
# R 2 | m GoAE F TE Brel Fear AR R FEA G € q97 Feaize & o
p=0 A AT T g i TARY (clastic) SRI &, FSrEeRT UcaAdT UM 4 mg
2, FYT © | @edl ki foERT °, Seid S dfast ©, SIel S © | Fel-E)Ev &
framt o1 vEnr @R geEd fF 067 (1 + cosh) — g cosB (1 —cosh) =0, g TEeaTeR
& TR TET B | |

A fixed wire is in the shape of the cardiod r = a (1 + cos0), 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 cosf (1 —cos@) = 0, g being the acceleration due to gravity. 10

foRm® a, b9 ¢ fFa wt & fou afew
V =(x+y+az) iﬂ+(bx+2y—z)f+(—x+cy+22)A; U B | I A AT TE
afesr & So-Fréemeat # srqamfar s Hifsg |

For what values of the constants a, » 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

a1 ok U aifaa favg @ ferfa wfew 7 =sing i+ cos 205 + (12 +20) k R | T@H
ROl 7 % HFgd A-Aley v & wurak fesm H qon F 9 7 F I & ovead fown # @

t=0 9 A hifer |

The position vector of a moving point at time ¢ is 7 = sint i + cos 2¢] + (% 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=fafea gmoa Witg seea Tl & gd 6 -
(D+)y=z+e* T (D+)z=y+e*, &l y T z @ad =R x & oA g adql
e ‘

dx
(1) Solve the following‘simultaneous linear differential equations :
(D+1)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
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6.(a)

6.(b)

6.(b)

6.(c)

7.(a)

(i) af Re sh @ o w FARer wen f afy ) I8 W free ger ¥
FATIII & T HEAT T FHTE # QA TN A A € T 4 qHE F G SR
i fra de st @ 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

(i) 3aehel GHIRWT ¢ xy p? — (2 +)2— 1) p+xy =0, B | p=j—y g, | faur
4 X
T | w =2 T v =)? TR Ufqeqd IR FoRSed &9 (Clairaut’s form) #
qdy s ' :
u, v a7 p’-=;i—:frw?ﬁa'ﬂﬁql AU AT AFAT THIHOT Dl B HITT |

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

p= % Substituting # = x* and v = y? reduce the equation to Clairaut’s form '

: g v j :
in terms of u, v and p’ = T Hence, or otherwise solve the equation. 10
u

(i) e wrBemam maﬁwﬁaﬁﬁaﬁﬁq:
20" +4y' +y=0, y(0)=3-2 Ty (0)=0 |

(i1) Solve the following initial value differential equations .

20" + 4y +y=0, y(0)=32 and y(0)=0. 1

e THaH refmer, afas | ¢aﬂwqr,a%§qwmawmﬁa§ﬁug%aﬁm
¥ waef FA U @ B | Age F T ¢ sifireran wmer WA fremtfor | afg ¢ o W
T w9 ¢ 99 1 g8 gnEEen R @ 7

A uniform solid hemisphere rests on a rough plane 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

TF 7= (a cosh, a sinb, af) & ferat ot ﬁ?@ 7 =(0) T Ihal-aieal a Zaet qiET
framferg | qufsd ff uer farg @ w0l [ ) z@ @ TR & fagaa ©E 9w 8 S
qofeq & srfquRacmet x2 +)? -2 = R f&a 2 |

Find the curvature vector and its magnitude at any' point 7 =(0) of the curve

¥ = (a cos0, a sinf, a0). 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—z7'=a2. 16
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74b)

7.(b)

7.(c)

8.(a)

(i) Tr=fafaa saea adem = gd Sifsa .

d?y dy :
x—= — = —4x3y=8x3sin(x2) |
dx?  dx 4 )

(1) Solve the differential equation :

d’y dy - - |
X — == —4x3y = 8x3sin(x?). 9
dx* dx B 2

(ii) ﬁw%ﬁaawaﬁmwﬁw-ﬁwﬁ%#mﬁﬁﬁq:

2
4 ;’—@% y=44—76x—48x2 |
dx- dx

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

, .

L . ST ) | 8
dx?  dx -

TS & 91 ¢ o faedl SEafer g aR W Jed | @ad § | RIS |99g (=0
R ZH g4 & T fomg 4 & U8 A |, 99 & sfey Sent StaT @ S 3@ /T SeuaH
frg pasd 9 # & 9em B | @9 7 & A A w ) w0 9 ar F &=
wfafsrar = =1 |

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 7 at which the reaction
between the particle and the wire is zero. N

W I 9R 9 » Bear &1 uw e R .. e i A "edt Y g« ) Ea
2| At H h "L (h> 2r) HT TR G AT RT TIT | gt TR e @y are

_ 3 3
H qa8 b 3IF FK d[dﬁﬁﬂTWWﬁ{W{h it )+W’(r—h+§" H

3R 2
AL T BT AT | W W M gRT fenfyd 9 @6 AR |
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 42 cm
(/1> 2r). Show that the minimum amount of work done in lifting the shot just clear

2 2

‘ | 4‘.3 o] ,
of the water must be {W[h*—; ]+W’(r—h+§;€ H cm gm. W' gm is the

weight of water displaced by the shot. ' 16
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8.(b) Tt URMI-AM awen & dIdE TR § gRI g6 HIU :

d2 »
Y 1 9y=r(x), y(0)=0, y'(0)=4
ax”
- () {SSinx afe O0<x<nm
GIEI Ftx)=
: 0 gfe x=n

Solve the following initial value problem using Laplace transform :
d2

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

where 7(x)=

8sinx if O0<x<m
1“7

if x==xn

8.(c) (1)31:1Ta:aaj saﬁrarﬁmmqﬁw%sazﬁﬁq

el W F =3xp? i+(.yx2 —y3)_f+3zx2 Kk
T S AT 2 +22 <4, 3<x<3H IS T |
(i) Evaluate the integral : ” F-nids where F = 3xy? z'"+( yx? — y3) f+3zak

and S is a surface of the cylinder y* +z% < 4, -3 < x < 3, using divergence
theorem. : 9

8.(c) (i) WWWWHIF(F)-({# &1 A feam § geied i
' C

A,

Gl I F(F)=(x2+y2) iﬂ+(x2—y2)j
AT dF = dxi +dyj 3ﬂ? Ik C, &= R:{(x,y) I ISySZ—xz} &1 ufifa g |

(ii) - Using Green’s theorem, evaluate the IF (F)-d7  counterclockwise
) .

where F(F) =(x2 +y2) i"+(x2_ ﬁ)zz)_f and dF =dxi +dyj and the curve C is
the boundary of the region R = {(x,y) lsy<2- .\‘2}. 8
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