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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 5 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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SECTION A

QL. (a) FmE=A((0,0,0,3),(11,0,0),0,1,-1,0) i i qniy R* 1 T SR
ST % foru, Rereaita feham ST @eham & 2 310 3¢ b gfee <hifere |

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

b) YRa® ®UEOIT : R4 — R3, M T(x, v, 2, W) = (X — W, y + 2, z — W) G feam
2 1 R (), FfE (§9), e (shefet) TR ST F1dl Shifre |
Find the range, rank, kernel and nullity of the linear transformation

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

(©) o 6 e 3 Siterd 2 Hiet I U SR Ug s wne & S § | SR ki § T’
SR T 1 BTAT 7T © | 9 <SR o Herohi hl HISH Tk AT STAATHR HrGeh AT
% | T 1 ) wferehe Jreird T T o e ot ST SAferha & |
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

(d) ﬁ'ﬂTW%%f(x+y)=f(x)ﬂy),8‘ﬁ3‘l’i¥fﬁ$x,y%%§, fix) # 0 forelt oft
T x ¥ fTT 3 £(0) = 2 ¥ | Tt areafess x % forw guiise 6 £/(x) = 2f(x) B |
31a: f(x) F1d HIfC |

Given that f(x + 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.

(e)

(a)

(b)

(c)

I ¥ich 1 FHIHT 1 <hifore ot 3 foig (1, 1, 0) @ qor foreen fdwres a6
y=0, x2+22=4%|

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

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

7T T:R3 » RZ2 w& wr s ®wawr g fF T, 1, -1) = (1, 0),
T(4,1,1)=(0, )TAMT(, - 1,2) = (1, 1) ?| T Fd Hifew |

Let T : R3 — R2 be a linear transformation such that Xl 1, -1) =(1,0)
T(4,1,1)=00,1)and T(1, - 1,2)=(1,1). Find T. 15

TSI YA kT T i g frg i o

+ v3 <sin‘1(§) el
5 6 8

Using Mean Value Theorem, prove that

+—3<sin‘1(§) <E+l. 15
5 8

) wémwaﬂwmﬁﬁqﬁﬁmﬁm? 5 % = g & GHiAL & 3K
Gﬁaiﬁx2+y2=16, z=01}€‘17=5(7ﬁ'{m%|

Find the equation of the cylinder whose generators are parallel

to the line % =% =§ and that passes through the curve
x2+y2=16, z=0. 10
(i) o @
x—-3" y+8  z-3 3k x+3 y+7 z-6
8 -\l -3 2 4
o sl <ht =W gl J1d hifsTe |

Find the shortest distance between the straight lines
x—3 : y—-8 = z-3 aridl X+3 - y+7 L z—6.
3 -1 1 -3 2 4

10
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Q3. (a)

(b)

(c)

frefefaa ST i HiaT (QRITH) &9 4 FaTid i :

2 ¥ 2.7]
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

3T et & aefieRtor J1a HIT ST I x2 + y2 + 22 - 2x + 2y + 4z - 3 = 0,
2x+y+z=4ﬁ‘éﬂo’(‘l§iﬁ%3ﬁm3x+4y=143%@'5’?37(%%

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

) Hydxdywmmaﬁﬁq,aﬁR,y=xamy=4x-x2ﬁ¢m«%a
R
gl
Evaluate J' y dx dy, where R is the region bounded by y = x and

R
y = 4x — x2. 10

(i) IR ux, y)=xf(§) +g %) ?, S8 £ 3TN g T=a %o &, al g9y fh

I x@ +y@=xf(%)%,

ox "oy
2 2 2
IL. x22—‘2‘ +2 ai;y +y2 22 _o#)
X
fuox, y)=xf (%) + g(%j, where f and g are arbitrary functions,
then show that
I x—+y@=xf(zj,
ox oy X
2 2 2
A | BALT M S L T 10
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Q4. (a) T THIA

x2+y2+22-4x+2y—-4z2+4=0

1 5 GHT TN A T2l 2, SiT foh et @t X;G =y +3=z+ 1 UEHREH |
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

it T 15
2
g .9
X oY
Xy———, 99 (x,y)=(0,0)
b) ARfx,y) = x2 1y
0, 9 (x,y)=(0,0)
&, 1 £,,(0, 0) 3R £, (0, 0) 7 FIfT |
g
xyxz—_%, when (x,y) = (0, 0)
Ifflx, y) = -l b §
0, when (x, y) = (0, 0),
then find
fxy(O, 0) and fyx(O, 0). 15
1 2 0
© () JI=EA=|2 1 -6
2 -2 3

& Afyerefrers A 3T ra Afireerfoes afesr a Fifsw |

Find the eigenvalues and the corresponding eigenvectors of the

matrix 12
1.2 :0
A=2 1 -6]|.
2 -2 3

(i) WHTP,, R TH < n % ¥ Gg9al & afesr qufee i awiar & | ganud i i

P,
dim(P—"‘j = dim P, — dim Py,
2
Let P, denote the vector space of all polynomials of degree < n over
R. Verify that
P
dm{§ﬂ=dmﬂq-mmpz 8
2
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Q5.

(a)

(b)

(0

(d)

(e)

@vs B

SECTION B
4 2
_2. Y |(dy) _ gy dy y__oar»‘r |
(1 y +X2)(dxj s & HIfT
dy y dy y2
Solve |1 -y +__] (—) 2= = + == =0. 10
[ x2 ) \dx x dx

Wﬂ%ﬁ,%mﬁﬁmm%mﬁ,mmmﬂwl
Form the differential equation of all ellipses whose axes coincide with
coordinate axes. 10

e <hifore o geelt =it a1oeft e 3 e s, iy fof reg ot grar vt v T 2 3
AR, mwmwﬁmm)w% 6 AET A § T ST qH

mﬁaﬁﬁ@rﬁqmélwvﬁm — r«ﬁﬂé%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 % : 10

fr e fFAIRB & ifdst v w feud 2 fofg 2, foreh off=r i gft 2a 7|
AO 3R BO ammﬁﬁ%aﬁowwmw%aﬁrﬁmwom%mﬁ
Sl S 1 elTs £ 8 7T d, AB & = O i e 2, a awiten % 5 HRad, e
@ﬁazaﬁ%, [ U ¢

12 - d2 = 2¢2 {cosh(ij— 1}
c
s fearmar g |

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 c of this catenary, in which the
strings hang, is given by

12 - 42 = 9¢2 [cosh(i] - 1}. 10
€

afe u=x+y+ z, V=x2+y2+z2 3R W = Xy + yZ + zX %,?ﬁa’sﬁ’s'qﬁa
grad u, gradvﬁl’(gradw‘éfqﬂFﬂ?T%l

fu=x+y+2z 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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Q6.

(a)

(b)

(c)

Ife flt) 3N g(t) & AT TR FHAM: F(s) 3N G(s) &, a1 forg Hifsg fw

t .
j f(x)g(t—x)dx] = F(s) G(s) 2 | 38 9RO &7 ST Fd §T, THIHT
0

t
y(t)=t+J' y(x) sin(t — x) dx F & FIT |
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

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

Toh Seared ST, fSreeht STepfcreh <ialTs a @, 1 O SR fohelt foig O e feem 2 s Sl
O SR T Tk R 07 31 §AT @ | Sl Feaerk A= i 3R foig C 7% 79 7%
Wi ST @ STo e 98 31 STehfh olelTs & = AT 7 & S qot R sig faa s
2| AR S F GATRE TF F F AR F SR B, q awizy R owor

\/7(2\/— )Wﬁsﬁﬁacwwwml

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\/§ 1 %) 15
g

(1) 0(x, y, z) = x2y2z2 Wﬁl’r'g 1,1, -1) W, Thx=¢el,y=2sint + 1,
z =t — cos t, % fog t = 0 W Toi-xan it fawn # fep-sraerert =1 Frdey w7
J1a HifeT |

Find the absolute value of the directional derivative of
o(x, y, z) = x2y2z2 at the point (1, 1, 1) in the direction of the
tangent to the curve x=et, y=2sint+1, z=t—cost, att=0. 10
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ot 0
2H 5> &2F
dremmsufr v2H = £ = s v2E = £ 2 &)
2 2
ot ot
3 ki ARl oF
BV E =20,"Y, BH=0,"¥x =— — and Vx H = —,
ot ot
5 27 5. 2F
then show that V2H = 5 and V2E = st 10
: ot ot

Q7. (a) U 3 e ot Frsan & g Fea 3 oo v sreliicfis ek A wn gen @ | AR
Tk ST W, fohem oft 21, Tt o wardt I fofg w7 2, it iy fob wqem feem 21

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

(b) (ﬁ [(xy+y2)dx+x2dy],ﬁC,ﬁy:xﬁTy:xzmméﬂﬁWﬂT
C
?, & foe agae # 1fi7 o1 v geafuq hifsg |

Verify Green’s theorem in the plane for @ [(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
© @ aqamanﬁam(lJ,d_YJ:ﬂ(x,,y)(_d_y)
dx 8a

dx

% =TI & 3R fafert gt 3ma i |
Find the general solution and singular solution of the differential
euation(1+dy)3—g(x+ )( dy)3 10

i &) THERT TN gl

3 2
(i1) x3d—y- +3x2d—y +xd—y +y = x log x %1 01 &1 J1d hIfSTT |
dx® dx?  dx 5

3 2
Find the complete solution of x3d—y - 3x2d—y + xd—y +y =xlog x.
dx3 dx? dx
10
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Q8.

(a)

(b)

(c)

2
I THIHT (x + 2)d—§ (0% & 5)3—y + 2y = (1 + x) eX &l Yrae faremor
dx X

fafer grr gar hifse |

. . . d%y dy
Solve the differential equation (x + 2)—2 -(2x + 5)d— +2y=(1+x)eX

dx X

by the method of variation of parameters. 15

THRITUTH THIATCHH 0<x<a, 0<y<h, 0<z<c™W
e A A A
F =[x2-y2)i + (y2-12zx)] + (zZ —xy)k]

& forw Trsw StuErer yi wenfud s |

Verify Gauss’s divergence theorem for

=2 A A A
F = [x2 - y2)1 + (y2 — zx)] + (22 — xy)k], taken over the
rectangular parallelopiped 0 <x<a, 0<y<b, 0<z<c. 15

Ta VT h1 HEATHL AT § JaTeh ST -feesg aret oo forsht siem o 37t ymfeves

Aferst AT u o Ty Her fre feig @ Wit fobam it @ | grisy foh

(i)  (u?<2ag)*fou; Fur et e wwr ° urew Rufy & smauE
' (about)ﬁ?ﬂﬂ?ﬂ%,

(i) (u?>5ag)%fem; 0T qUT: ST TIfr LT g, 3R

(iii) (2ag < u? < bag) & fIC; Fv1, T =T wH woufi Y foem &, S &fast & @y

Waﬁﬁ%,ﬁ%ﬁ,ﬁ%cosa: %
ag
g

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

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

e = 2ag 20
3ag

such that cos o =
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