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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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SPM 1AS ACADEMY

SHAPING BRILLIANCE

Q1.

(a)

(b)

(c)

(d)

WE A
SECTION A

fag ifs fr n farfta afew gufe v & fore n awa: waa gfewi =+ oft
=g V & e s o 59 mar 2 |

Prove that any set of n linearly independent vectors in a vector space V

of dimension n constitutes a basis for V. 10
1 : s
oM T : RZ - R3 s ige w91awr, van 2 fh T[O} 2 HWTTG): 2
3 8

21 T[ﬂaﬁmﬂ‘ml

1
Let T : R2 — R? be a linear transformation such that T{O] =12| and
3

1 -8 2
Tl =l 2 1. Findg T : 10

1 4

8
1
lim (e* +x)* & 7F FHerifem |
X 2o
1
Evaluate lim (e* + x)*. 10
X o0

2
I Lz 1 arfirarfan &1 gheo Hifsm |

(2x — x“)

2
; dx
Examine the convergence of J. e 10
. (2x — x°)
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(e)

Q2. (a)

(b)

()

T W gHad U R 6 (a, b, o) | THET B q°1 A& B FAA: A, BE C
forgait w firetan 8 | famgaft O, A, B @ C & T9ed g Mo & &5 1 femguy
T i, StEl O Hqe-fawg & |

A variable plane passes through a fixed point (a, b, ¢) 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.

frefafgn Tl frm & @it geli 1 aft-wmria fafa & sma Hifvm
X1 + 2Xg — Xg = 2
2%, + 3X9 + 5Xg =5
—X1—3x%9+8x3=-1

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

Xy +2X9—Xg=2

2x, + 3X9 + 5x3 =5

—X; =39 +8x3=-1

T | ST % AR 3 W B H: T S Ao o 99 % w0 i
T R | e < srfuffE o fafy s Wi w9, 3w 9w @y e
&a%ell % MBS I FAad HH 14 HIT |

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

Ife P, Q,R; P, Q, R’@ﬁgﬁaﬁqm—+_+"_2=1 W ®: (foew)
mﬁmm%mzx+my+nz-p@rmaPQRﬁaﬁﬁ% A ED

] +1_0, gy PQR # Frefia w2 |
I B e®n P

a

If P, Q R; P, Q, R are feet of the six normals drawn from a point
2 2 2
to the ellipsoid % + %—2-+ Z_-1, and the plane PQR is represented
a c?
by Ix+my+nz=p, show that the plane P'QR’ is given by

- AB +~1—=0.

+
azl bzm ¢n P
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(b)

(¢)

(a)

X—-y—z=04dA
AT 9= P={|y

2x—-y+2z=0

afewr gufee R3(R) & |feeT 1 v agg 8 | 7@
i) fag Hifsu fF P, R? $i v IgEEfe 2 |
(i) P o1 Ush Amgr a91 famn sma hifo |

X

x—-y—z=0and
Let theset 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.

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

%m:wwmz@nﬁ,qax2+y2=4mmy2=3x%mﬁq
STHA I Iehed HIIT |

Use double integration to calculate the area common to the circle
x2 + y2 = 4 and the parabola y? = 3x.

e GTed B 3 Tiet o gt Fra hifse st e

x—3=y—8:z-—3 - x+3=y+7=z?6 7 T9% R |
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

X+3 “y#+7 -2-6
SR 4 °

@%ﬁaaﬁuﬁﬁaT:ua?eua?maﬁﬁqeﬁ%ﬁ%mwﬁaaﬁeaﬁw
¥ gt 2a1 ¢ | 98 oft fag hifse f6 e:%%%q,’l‘waﬁé%ﬁa:ﬁmaﬁﬁ
qH (3MeTEE) RY T8 8 |

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

angle 6. Also, prove that for 6 = g, T has no eigenvalue in R.
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SPM IA5 ACADEMY
(b) % y2x2 = x2— a2 1 @ (39) S, J&l a vh arafas AR |

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

(c) ﬂﬁmux+vy+wz=0,¥f§ax2+by2+cz2=03ﬁﬁaﬁﬂﬁﬁm _
2, @ g R b+ v+ (c+ra)vi+(@+b wl=0.

If the plane ux + vy + wz =0 cuts the cone ax?+ by? +czZ=0 in
perpendicular generators, then prove that
b+c)uZ+(c+a)vi+(a+b)w?=0. 15
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(b)

(c)

(d)

CRNA-F-MT.

LLIANCE mB
SECTION B

293U T Srasar gefieo %qu:Q T SF9H &A

y=%—-e—”’dx {C+Ie5de d(%)}

2

Show that the general solution of the differential equation 3_37 +Py=Q
X

can be written in the form y = % L ib gk {C + jefp - d(%}}, where

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

W%m%ﬁm:x2=43(y+a)%éﬁmﬂﬁ@ﬁ,ﬁﬁﬁmﬁ
fooa & 2 |

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

w R &1 U fig, 0 10 § g g0 vF w4 wHaa T a2, ado i g,
tan 0 & e 2 | iz = Fwaw W FW 6 T b 2 7% R S qon
98 ARfEE fag o dien § feu w0 w& @ 3 $ifm, @ o m
I Y% I § FAGS o qHIE 2 |

A body of weight w rests on a rough inclined plane of inclination 0, the
coefficient of friction, u, 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 9 & @9 fag 0 ¥ wafwa fear mn awn guew % fag
P(x, y) W 9@l § THUA & S&l 31& OX 991 OY %av: fog 0 & &
AT AAE Feater ard # | afe vaew f 3 gva Rand wEe w S, a
T3 T x2 = 2hy a9r g&qur i Gwa fesnadl § & v, H1 POX #i fewfm
FA 2 | |

A projectile is fired from a point O with velocity /2gh 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.

6
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Q7.

(a)

(b)

(e)

(a)

= A
sy fF A = (6xy+z3)? + (3x2-2)] + Bxa2-y)k APH R | ¢ A
tﬁmﬁﬁmaﬁ% % = V.
Show that A —(6xy +23)1 + (3x2 —z)J + (3xz2 —-y)k is irrotational.

Also find ¢ such that A = Vo. 5 gk 10

9l TR F UH AR (Fa) Fmew wr w fa w7 (Ffe) =E R,
Afs Y@ & 2 fagall P o Q & @ehl &8 2 | gwise & aw i fawgha

(€9) 21[1——] 2, ST&l h an & FHyw i gd fTufa § ver F1 A R |

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
yrea-fero faft w1 sugm #, frefafied saswa aie
d?y d
(x* ~ )F_2 di +2y—(x ~1)?

F 7t Fifor, FaT guria e S U g9 y = x fea mn R |
Solve the following differential equatlon by using the method of

variation of parameters : (x Y= l)g—xl - 2xgx—y + 2y = x*— 1)2, given
that y = x is one solution of the reduced equation. 15

waﬁ;ﬁq%uﬁaaﬁfmx — 8y2) dx + (4y — 6xy) dy % for¢ wefuya
$ifs, 9@ C, x=0, y= 0 x +y = 1 gr uftfya & =1 w35 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

P T # F =xi +22] +y2k % F0 wom oTive # fm wwaw
TS : x+y+ z_1thﬁaaﬁ’rﬁmi

A
Verify Stokes’ theorem for F =xi + 22 _] - yzk over the plane
surface : x + y + z = 1 lying in the first octant. 20
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Q8.

(c)

(a)

ATCATE FITT T ITANT e F=ferfiga sl am aoe -

d’y dy : 2 0<t<4

=2 _35 ov-h), h(t) = 0)=0, y'(0)=

v Ui ), Si& h(t) {0’ 54 YOI=0,510)=0

FI 7 FIfST |

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

transformation Q— -3 d—y + 2y = h(t), where
dt2 dt

Z2- O<t<4
h(t)=4" T y(0)=0, y©) =0 15
(t) {0, bk y(0) y'(0)

a1 forel i SITEI-FE 1 U do g fOR So W dafea R, & Sk
Y3l 1 TN ®H R qu swafIss weian dfes @ | Aen 3 ae % oo
forg W 3ot e Bl p qen 7 & ofk wegdl fag & Sl o ¥ TR Fg
H1 3o b} | <aiEw 6 T w0 o wgfd At h< P2

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 < ip - 15
p+p

()  aFa G : (x2 — a2) p2 — 2xyp + y2 + a2 = 0, T&T p__,_g,%s
s 9 fafag &t = 9@ S | =ms 9 fafg s # e
sifdia ey =1 | A |

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

X
give the geometric relation between the general and singular

solutions. 10
(i) Fr=fafea stawa g #1 ga Fifm
2
(3x+2)2d—y+5(319:+2)§7-—3y=x2 +x+1
Solve the following differential equation : 10
d2y

(3x+2)2Q+5(3x+2}gx—y—3y=x2+x+1
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(b) nmwﬁ@@ﬁ@q@w@@i%m%ﬁwﬂaﬁﬁgﬁéw
Th TH [0 A § oehl &% 2 | U &fas aa P TE % gE Ay, T
T R | 5 e 1 g Seafe Ter @ gl & gea wid i |
A chain of n equal uniform rods is smoothly jointed together and
suspended from its one end A;. A horizontal force ? 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

(c) m%wuﬁams@nmﬂ F.3dS #1 9 frefe, e

o A A A S
F=xi-yj+@-Dk a1 S, 981 z2=0, z=1, x2 + y2 = 4 G &

BT 9°H @ |

’ ; 2 2o
Using Gauss’ divergence theorem, evaluate J] F.n dS, where
=P A A A S

F =xi —yj +(z2 — Dk and S is the cylinder formed by the surfaces

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