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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 atte771pt FIVE questions in all.

Questions no. 1 and § are compulsory and out of the remaining, any 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 otherwise mentioned, 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 (QCA) Booklet must be clearly struck off.
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ILLIANCE WA

SECTION A

FEg= (0, 0,0, 3), (1, 1, 0, 0), (0, 1, -1, 0)} i afewr wmfe R* =7 T €N
ST 3 for ferriia foram ST wehat & 2 310 I AT gfee e |

Can the set {(0, 0, 0, 3), (1, 1, 0, 0), (0, 1, -1, 0)} be extended to form a

basis of the vector space R* ? Justify your answer. 10

YaF T T: R > RS, M TR, y, 2, W) = (X =W, ¥ + 2, 7z — w) g f&r T
2, 1 ufER (), FfE (§5), tfie (et I S[=IaT 1 shifere |
Find the range, rank, kernel and nullity of the linear transformation

T:]R4—>1R3givenbyT(x,y,z,w)=(x—w,y+z,z—w). 10

TS 6 e S et 2 Hiet i U SAEATHR €1 Y wE S @ | = hiA @ TR
SR 3T T BTAT AT R | 59 TG o eeh! ohl HIgeht Ueh el STTAATRR Fgeh ST
% | T 1 Ot frehe S T i o ek 1 ST e € |

A rectangular sheet of metal of length 6 meters and width 2 meters is
given. Four equal squares are removed from the four corners. The sides
of this sheet are now folded up to form an open rectangular box. Find

approximately the height of the box, such that the volume of the box is

maximum. 10

o T R B fx + y) = fx) fy), @ awafa® x, y & U, fix) = 0 Rt oft
T x ¥ AT 3 £(0) = 2 ¥ | Tft ATt x % forw gwisn fF £/(x) = 20x) 2 |
314: f(x) FTa HIIT |

Given that fix + y) = f(x) f(y) for all real x, y, f(x) # 0 for any real x and
£/(0) = 2. Show that for all real x, f’(x) = 2f(x). Hence find f(x). 10
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Q2.

(a)

(b)

(c)

I ¥k 1 GHIFT 1 hifore foreent i feig (1, 1, 0) ® qon e fdwe o
y=0, x2+22=4%]|

Find the equation of the cone whose vertex is the point (1, 1, 0) and

whose guiding curveis y =0, x2 + z2 = 4. 10

AT T:R3 > RZ2 w& wwr Wasw wiawr ? fF T(1, 1, -1) = (1, 0),
T(4,1,1)=(0, 1) TMT(L, - 1,2) = (1, 1) ¥ T I hifow |

Let T : R3 — R2 be a linear transformation such that T, 1,-1)=(@1, 0),
T(4,1,1)=(0,1)and T(1,-1,2)=(1,1). Find T. 15

HTEHT YA T SET i gU g ife foh

98l (j<£+1.
15 5 6

Loyt
6 8

Using Mean Value Theorem, prove that

kR £<s1n‘1( )<E+l. 15
6 .15 5 6 8
@) mWwaﬂmmsﬁﬁwaﬁw? & % 4 g & GHIAT & A
STk x2 + y2= 16, z= 0 & SR SAAT S |
Find the equation of the cylinder whose generators are parallel
to the line = =% =2 and that passes through the curve
x2 +y2=16, z=0. 10
(i) o warst
x—3 " y¥8  z-—3 . x+3 y+7 z-—6
8 a0 -3 9 w4
o st sht =W gl J1d HIfT |
Find the shortest distance between the straight lines
x—3=y—8=z—-3 and x+3=y+7___z—6- 10
3 -1 1 -3 2 4
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(c)

freaferfad HATeE =t T (W) 9 § GaHTd Hife :

R b 1
A=|-3 6 0 -1
1 <7 10 2
Reduce the following matrix to echelon form : 15
2 -2 2 1
A=(-3 6 0 -1
1 -7 10 2

WM%WWW@@XZ+y2+ 72— 2% + 2y + 42— 3 = 0,
2X +y + 2 = 4 ¥ TR TR & SR THAA 3x + 4y = 14 HI WA FA & |

Find the equations of the spheres which pass through the circle
x2+y2+22-2x+2y+42-3=0, 2x + y + z = 4 and touch the plane
3x + 4y = 14. 15

@) J-J‘ydxdyWﬂﬂmaﬁﬁﬂQ,GﬁR,y=xaﬂTy=4x—x2ﬁm@3
R
gl
Evaluate J' ydx dy, where R is the region bounded by y = x and

R
y = 4x — x2. 10

i) ARux,y)=x f(%) +g %) 2, STal £ 37 g =3 %o &, a1 a9sy fh

0x oy X
2 2 2
I1. }(29—121+2xyau +y26—121=0%I
15:¢ 0x Oy
Holx v)=x1 (%) + g(%), where f and g are arbitrary functions,
then show that
I x@ +y@=xf(z),
0x oy X
2 2 2
L 2223 coy 2R 45228 g, 10
0x 0x Oy oy
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(b)

(c)

USRI

x2+y2+22-4x+2y-4z+4=0

1 I UHT TIT] FHAS T8I 8, Si foh St X;6 =y+3=z+ 1 HEH TSR EF |
Show that there is no tangent plane to the sphere

X2+ y2+22-4x+2y—-42+4=0
that can be passed through the straight line

il te NS 15
2
2 2
x“ -y
XY, SECI (X,Y)i(0,0)
I fix, y) = x2 1+ y2
0, S (x,y)=(0,0)
&, £, (0, 0) 3£ (0, 0) T FIfsrT |
2 2
xyxz—_y?, when (x,y) = (0, 0)
Ifflx, y) = ) wde b
0, when (x, y) = (0, 0),
then find
fxy(O, 0) and fyx(O, 0). 15
1 2 0
() MFEA=|2 1 -6
2 =2 3

o ST U I 3 Ga TfeTafores |iaer J1d shifse |

Find the eigenvalues and the corresponding eigenvectors of the

matrix 12
1. & 0
A=12 1 -6/|.
2 -2 3

(i) WATP,, R W H < n % ¥ GgUa1 % Tiaer Gufte 1 aiar © | Feartyq i for

P,

dim(P—‘lj = dim P, — dim Py
2

Let P denote the vector space of all polynomials of degree < n over

R. Verify that

dimgij = dim P, — dim P, 8
2
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(b)

(©

(d)

(e)

SECTION B
4 2
- Al A RS A AN y——oer?r Hifre |
[1 Y +x2](dX] x dx “
4 2 d 2
ve|1-y2+¥_ Q) 22 X, Lo —o. 1
Sove[l y +x2](dx S e 0 0

mﬂaﬁﬁgﬁ,ﬁrﬁwﬁ%ﬁmmﬁ%mimmaﬁwml
Form the differential equation of all ellipses whose axes coincide with
coordinate axes. 10

e <hafore o yeeft shi 7ot e <6 ey o, i o oy 7er T a1 fopam T & o
o e, W@Wwﬁmﬁxm)w% T AT FA T A A GHT

mﬁaﬁﬁaﬁ#aﬁmélwﬁm L Fﬁﬂé%l

Prove that the time taken by the Earth to travel over half of its orbit,
which is separated by the minor axis and is remote from the Sun, when
the Sun is at the focus of the elliptic orbit, is two days more than half of

the year. The eccentricity of the orbit is taken as % x 10

ﬁmw%%AﬁﬁB@ééﬁﬁi@Tmﬁma’rﬁa% forep offer 7 2ft 2a 71
AO 3R BO awm@ﬁ%a}omwmw%ﬁtﬁmwow%mﬁ
e S ol elTs £ 8 7T d, AB & 1 O i Tewrd 2, i awiten % 3o Hoad, fored
@ffiﬂﬁ%, bl UTEdl ¢

[2-d2=2¢2 [cosh(%)— IJ
ECRERIRIR N

Given that A and B are two points in the same horizontal line distant 2a
apart. AO and BO are two equal heavy strings tied together at O and
carrying their weight at O. If / is length of each string and d is depth of O
below AB, then show that the parameter ¢ of this catenary, in which the
strings hang, is given by

12 — d2 = 9¢2 [ cosh(i] - 1] 10
C

afe u=x+y+z, v=x2+y2+z2 3R W = Xy + yz + zZX %,ﬁa&ﬁsq%
grad u, grad v 3ﬁ'{gradeFﬁ'€[§|

fu=x+y+z v=x2+y2+22 and w=xy + yz + zx, then show that
grad u, grad v and grad w are coplanar. 10
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(a)

(b)

(c)

G

BRILLIANCE

Ife fit) MW g(t) F AT TR FAM: F(s) 3N G(s) &, @ fog Hifsw
t .

¥ 3 U f(x)g(t—x)dx] = F(s) G(s) & | 39 RO &1 JT Fd §U, ST
0

t
y(t)=t+J' y(x) sin(t — x) dx s HIRMT |
0

If F(s) and G(s) are Laplace transforms of f(t) and g(t) respectively, then

prove that L [ I f(x) gt —x) dx] = F(s) G(s). Using this result, solve the

t
equation y(t) =t + j y(x) sin(t — x) dx. 15
0

T Sered S, Foreht STepferh TS a @, 1 Ue B foreft fofig O e Reem 2 st St &
TE B T TH 9T 07 T g3 @ | S 1 Freaten i it 31 foig € 0 aw a
ST ST € STl T 98 3701 JThfah ielTs & = A7 7 & S g o sig faa siar
¥ | AT S F YR TOF FU F AR F R B, q@ awisg B oww

[(NZ )wﬁwﬁﬁacwwwml

One end of an elastic string, having natural length a, is fixed at some
point O and a heavy particle is attached to the other end of the string.
The string is drawn vertically downward till it is four times its natural
length at the point C and then released. If the modulus of elasticity of the
string is equal to the weight of the particle, then show that the particle

will return to the same point C in the time \/g (2\/?: + g_n) 15
g

i 0xy, 2 =x2y22 Ffog (1,1, - 1) W, Whx=el, y=2sint+ 1,
z =t — cos t, % o1 t = 0 T wasi-van it fawn 7 fasp-srasrerst &1 Frder v
I HifSg |

Find the absolute value of the directional derivative of
0%, y, z) = x2y2z2 at the point (1, 1, —1) in the direction of the

tangent to the curve x=ef, y=2sint+1, z=t—-cost, att=0. 10
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Q7.

(a)

(b)

(c)

- >
> -
M) RV F =0 V. Ho0 voE oot e 08 &
ot ot
2H > 2F
ot ot
fV.E =0, V.H=0, VX E =~ —'and V& H ==,
ot ot
> 2H > 2F
then show that V2H = =—— and V2E = =—— . 10
: at2 at2

@aﬁqﬂwmm@mﬁw%mwmﬁﬁma@hﬁww%mﬁ
Th ST AR, foher ofi 2, 7Mie o Tl Sl foig o g1 €, it gwifgy fob wqer Rem 7 )

A solid sphere rests inside a fixed rough and hemispherical bowl of twice

its radius. If a large amount of weight, whatsoever, is attached to the
highest point of the sphere, then show that the equilibrium is stable. 15

CJ‘) [(xy + y2) dx + x2 dy], S&T C, Tk y = x 3R y = x2 TR IRelg & i i
C
2, & o omae § i 1 e genfug fifs |

Verify Green’s theorem in the plane for (ﬁ [(xy + y2) dx + x2 dy], where
C
C is the boundary of the region bounded by the curves y = x and y = x2. 15

3 3
(1) WW(I.f__(l_yj =§(X+y)( _d_YJ
dx dx

8a
o STYe & A fafedt &t J1a v |
Find the general solution and singular solution of the differential
3
. dy) 27 ( dy)
equation | 1 + =—x+y)|1-—2=|. 10
. ( dx 8a ¥ dx

3 2
(i1) x3dy+3x 4y xd—y +y = x log x &1 0T & F1d 1T |
dx3 dx ax? dx s
3 2
Find the complete solution of x3d—y - 3x2d—y + xd—y +y = xlog x.
dx® dx? dx

10
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(a)

(b)

(c)

2
aaamwﬂW(x+2)‘-i—32' —(2x+5)3—y + 2y = (1 + x) X & g ferror
dx X
fafer g ga AT |
d2y

Solve the differential equation (x + 2)§ - (2x + 5)3_y +2y=(1+x)eX
X

by the method of variation of parameters. 15

THHITUIH THIHICHAR 0<x<a, 0<y<h, 0<z<c™
= A A A
F =[(x2-y2)i + (y2-2x)] + (22— xy)k]

% foTe T ST Y wetua Shife |

Verify Gauss’s divergence theorem for

= A A A
F = [(x2 - y2)i + (y2 — zx)] + (22 - xy)k], taken over the
rectangular parallelopiped 0 <x<a, 0<y<b, 0<z<ec. 15

Te 0T 1 FEATHT et H JuTehi ATed-aRese aret oo foreha s o et smftvis

&ferst 3T u o Ty Her frerer foig @ waifue fopa s @ | 2wiisy foh

(i)  (u2<2ag) *faw; Fur et oy v o urew Rufy & smHu
' (about)ﬁﬁ?m%,

(i) (u?>5ag)®fem; 0T qUTT: e TIf AT &, SR

(iii) (2ag < u? < 5ag) & foIT; o1, Tk =1 U waefi HT few H, S &fds & A

T o TR R, B A, FRRE cos. o = @
ag

A particle is projected inside a fixed smooth cylinder with circular
cross-section in a vertical plane from the lowest point with initial
horizontal velocity u. Show that for

(1) (u? < 2ag); the particle oscillates about the mean position in
the lower half,

() (u?2b5ag); the particle executes complete circular motion,
and

(iii) (2ag<u? < 5ag); the particle will leave the curve in a tangential
direction, making an angle o with the horizontal

u” = 2ag 20
3ag

such that cos o =
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