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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.

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 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 (QCA) Booklet must be clearly struck off.
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wUg A
SECTION A

Ql. (a) Toag Hhifvm fo n fofta awfew wafR V& fou n Wawa: wax afewi &1 13 +f

= V % e ueh e s R |
Prove that any set of n linearly independent vectors in a vector space V
of dimension n constitutes a basis for V. 10
1 ’ =5
; 1
(b) HEIT:R2— R3 v Yaw wuiawr, dan 2 fe T(O} 2| @ T[J: 2
3 8
2
21 T[J %! Fra e |

1
Let T : R? — R® be a linear transformation such that T{OJ =2 ]| and

1 2
T{ ): 2|. Find T : 10
1 4
8
1
(¢ lim (e* +x)* &1 qF Fewifau |
X oo
1
Evaluate lim (e* +x)*. 10
X —0co

2
(d) I U s @ e S

(2% — xz)
2
dx

-, 10
(2x—x2)

Examine the convergence of I
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Q2.

(e)

(a)

(b)

(c)

T W a0 fOR fog (a, b, ¢) @ TORAT @ AT A& B FAM A, B C
famgatt w fireran @ | forgati O, A, B9 C & T9ed gU A o e 1 formguy
T hifsre, st O ww-fag 2 |

A variable plane passes through a fixed point (a, b, ¢c) and meets the axes
at points A, B and C respectively. Find the locus of the centre of the
sphere passing through the points O, A, B and C, O being the origin.

frafafea wfiemn frem & off gt =t 9fe-aaria fafa & s fife .
Xy + 2Xg — Xg = 2
2%, + 3%y + 5X3 =5
—X1—3xX9+8x3=-1

Find all solutions to the following system of equations by row-reduced
method :

2X1 + 3X2 -+ 533 =0

-X1—3X2 +SX3 = -

T | s % AR B Q) WA F e HA: O a0 O g9 % & #
T R | T i Afruifa s faft @ w@e W, 3@ aw @ g e
B%eAl o INTHA H1 FAaH TH 1A HIFT |

A wire of length / is cut into two parts which are bent in the form of a
square and a circle respectively. Using Lagrange’s method of
undetermined multipliers, find the least value of the sum of the areas so
formed.

2 2 2

IR P,Q R, P, Q, R, T A ddgae o+ + o1 s (Rew)
a2 p2 2

e 91 § 99T Ix + my + nz = p 4 GHad PQR f&fiq 2, sufzu %

et o+ — +1_0, gnae PQR # frefia w2
a“l b 7P

IfP, Q R; P, Q, R are feet of the six normals drawn from a point

2 2 2

to the ellipsoid _x_2 + —E? 4 z—2 =1, and the plane PQR is represented
a c

by Ix+my+nz=p, show that the plane P'QR’ is given by

= B i +1=0.

+
a2l b?m c¢Zn P
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Q3.

Q4.

(a)

(b)

(c)

(a)

X

X—-y—z=09d"
AAT 8= P=<|y

2x-y+2z2=0

afew Tafe R3(R) < @feli 1 0h wg 2 | 7

() fug $ifs e P, RS 6 o IgEEfe 2 |
(ii) P 1 U 3Myr a1 famm sma Hifse |

X

x—-y—-z=0and
Let the set P=<|y

2x—-y+z=0

be the collection of vectors of a vector space R3(R). Then
(i) prove that P is a subspace of R3.

(i1) find a basis and dimension of P. 10+10

fgr. wuTeher 1 3TN FTh, I x2 + y2 = 4 AU Waeld y - 3x % TS
8% w1 IR I |

Use double integration to calculate the area common to the circle

x2 + y2 = 4 and the parabola y? = 3x.
wgan Gured Fisan & et o1 T i il St wa e

x—3=y—8=z-—3 o x+3=y+7=z—6 1 w9 TR |
3 -1 1 -3 2 4

Find the equation of the sphere of smallest possible radius
x—-3 y—-8 z-3

= = and
3 -1 1

which touches the straight lines

Xx+3 y+7 z—-6
-3 2 ki

s s vfafem T: R2 > R? 7@ Hifve st & R2 & 5@ afewr it 0 &
q gt a1 ? | 38 +ft fag i fe 9_“ ¥ fw, T B oft e
qH (3EiEE) RE T8 R |

Find a linear map T : R? - R? which rotates each vector of R? by an

angle 0. Also, prove that for 6 = g, T has no eigenvalue in R.
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(b) % y2x2=x2— a2 H 3@ (W) FIC, F&l a Th Irfereh IR R |

Trace the curve y2x2 = x2 — a2, where a is a real constant. 20

(c) ﬂﬁ'&'ﬁlﬁﬁux+vy+wz=0,3f§ax2+by2+cz2=03ﬁﬁimﬂﬁﬁm
;AR AT ® b+ouZ+cra)vi+(a+b)w?=0.

If the plane ux + vy + wz =0 cuts the cone ax2 + by? +¢z2=0 in
perpendicular generators, then prove that
b+cuZ+c+a)vi+@+b)w2=0. 15
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Q5.

(a)

(b)

(e)

(d)

Qs B
SECTION B

asrisq%mammﬂw +Py Q T AUH §A

y= % —e /P dx {C ¥ IeIde d(%)}

71

Show that the general solution of the differential equation ? +Py=Q
: x

can be written in the form y = % — ¢ /Pdx {C - I el dx d[%]}, where

P, Q are non-zero functions of x and C, an arbitrary constant.

W%Wﬂﬁaﬁﬁm:x2=4a(y+a)%m@@a,3¥ﬁﬁﬁmﬁ
feva g 8 |

Show that the orthogonal trajectories of the system of parabolas :
x2 = 4a (y + a) belong to the same system.

w R &1 T fis, 0 I & g% 50 U &4 woaa W Eud B, @7 ok,
tan 0 & 31fere B |ﬁgaﬁmatha%m'b’a@a¢%ﬂitﬂi@aﬁw
aE ARfe fag a% wied § b o w1 i s Hif, s&f o mE
¥ JA% S H THAA o qHH B |

A body of weight w rests on a rough inclined plane of inclination 0, the
coefficient of friction, p, being greater than tan 6. Find the work done in
slowly dragging the body a distance b’ up the plane and then dragging it
back to the starting point, the applied force being in each case parallel
to the plane.

TH SED |[2gh I % @Y fag O & wafia fRm mn aw wwaw % fag
P(x, y) W 9@l # THUAT & F&l 1@ OX a1 OY #aw: fomg 0 @ affw
o SiE St ard # | af saww f @ wva R @ w@ E, @
asﬁ'sqﬁxhzhyamsr%wﬁwﬁmaﬁﬂ@@,aﬁwmxaﬁf&mﬁa
A R |

A projectile is fired from a point O with velocity J2E and hits a
tangent at the point P(x, y) in the plane, the axes OX and OY being
horizontal and vertically downward lines through the point O,
respectively. Show that if the two possible directions of projection be at
right angles, then x2 = 2hy and then one of the possible directions of
projection bisects the angle POX.
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(e) ausu f& _A> (ny +z3)? + (3x2—z)_]{\ + (3xzz—-y)1: “Tﬁ% | ¢$‘T
ﬁmﬁﬁqmﬁsA = V.

Show that A —(6xy +z3)1 + (3x2 —z) j + (3x22 —-y)k is irrotational.
Also find ¢ such that A = V¢. e 10

Q6. (a) 20 @ 1 Th an (Hfew) R v w ufa s (IfFR) T R,
Afe Y& & 2 fagadl Paon Q & weh g ® | quisy fo6 ar A fawqla

(@) 21[1_2_113] 3, &t haw 3 aw i o o i wer W ? |

A cable of weight w per unit length and length 2/ hangs from two points
P and Q in the same horizontal line. Show that the span of the cable is

2
2l [1 -~ &], where h is the sag in the middle of the tightly stretched

312
position. 20
(b)  wrEe-foeror fafy @ swEm sk, frefafaa s e
2
(x2 —1)3}{——2:;3x 4+ 2y = (x2 - 1)

1 gt HINAT, T&T TG GHfiehtor i Th 8 y = x @ T 2 |
Solve the following differential equation by using the method of

variation of parameters : 1)Ex— - 2x3x +2y = @ -1)? , given
that y = x is one solution of the reduced equation. 15

(¢) EHad # 9 & 9T H :f (3x2 — 8y2) dx + (4y — 6xy) dy & forg wefua
T, SE C, x=0, y=0, x+y =12 e & 1 G a6 2 |

Verify Green’s theorem in the plane for § (3x2 — 8y?) dx + (4y — 6xy) dy,

. C
where C is the boundary curve of the region defined by x = 0, y = 0,
x+y=1." - 15

Q7. (a) @Wmaﬁ =Xl +zJ+y2k%%qmmmﬁ1’@mwl
T8 i x+y+ z_1thrﬁaﬁﬁm|

Verify Stokes’ theorem for F =xi + 22 J - yzk over the plane
surface : x + y + z = 1 lying in the first octant. 20
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(b)  ATATE YA T I9AT ek Fr=ferfiga yrifes o o

d?y _dy ' 2, O<t<4,

e =3 Jy = h(1), h(t) = 0)=0, y'(0) =

32 at y STl h(t) {0’ o y(0)=0, y(©0)=0

Fl g Fifdw |

Solve the following initial value problem by using Laplace’s
2

transformation 4y % + 2y = h(t), where
dt? dt

a- O<t<d
t)= 0)= 0)=0
h(t) {O, ok y(0) =0, y'(0) 15

() @ fordlt i IgEa-FHRE F UH Jod g RN Jow W gqfera R, W' T
Y3l 1 GO ® # qu1 IwafAse wadltwn Ao @ | e At det et
fog o 3t ke Bosamd p qen o7 & o wewdl forg @ Sl Ao F TR

$i $=1E h? | Zoisy fr womh v § oo SoF dqfe & 3R h< PP

p+p

Suppose a cylinder of any cross-section is balanced on another fixed
cylinder, the contact of curved surfaces being rough and the common
tangent line horizontal. Let p and p’ be the radii of curvature of the two
cylinders at the point of contact and h be the height of centre of gravity
of the upper cylinder above the point of contact. Show that the upper

cylinder is balanced in stable equilibrium if h < % ; 15
p+p
Q8. (a) (i)  31aha GHIHW : (x2 — a2) p2 — 2xyp + y2 + a2 = 0, &l p=¥,%
x
s g fafed gl H 3@ Hifse | v 9 o w ¥ =
STt |@ey o off dfv |

Find the general and singular solutions of the differential
equation : (x? — a?) p2 — 2xyp + y2 + a2 = 0, where p =?. Also

X
give the geometric relation between the general and singular

solutions. 10
(i) Tr=fafea sawa afieo = ga fifso .
2
’ (3x+2)2:x—§+5(3x+2)%—3y=x2 +x+1
Solve the following differential equation : 10

2
(3x+2)ZH+5(3x+2)d—y—3y=x2+x+1
dx 2 dx .
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(b) n S THAAH B Hl TH J@AT Th-gaL & |19 foehd €7 4 I g8 & a
TH TH R A @ iehl &% 7 | U afas |a P TEe & g B Ap, W
I T 2 | ' famre ¥ sragE Seater W | g8 % g 7 Hife |

A chain of n equal uniform rods is smoothly jointed together and
A2

suspended from its one end A;. A horizontal force P is applied to the

other end A, ,; of the chain. Find the inclinations of the rods to the

downward vertical line in the equilibrium configuration. 15

(¢) TISE % UL YHY HT ITANT J‘Ff?ds %1 uH faeifere, =i

= A A A ’S
F =xi -yj +(22—1)kﬁ'91TS,‘1'®z=0, z=1, x2 +y2=4 g0 ¥

BT 97 2 |

=
Using Gauss’ divergence theorem, evaluate J‘J. F.n dS , Where
b A A A S
F =xi —yj +(z%2 - 1)k and S is the cylinder formed by the surfaces

z=0,z=1, x2+y2=4. 15
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