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MATHEMATICS (PAPER-I)

Time Allowed : Three Hours Maximum Marks : 250

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 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 Booklet must be clearly struck off,
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- @Us—A / SECTION—A

Ll
1. (@ (@ 3RA=|1 3 2 |%, @ IR e €A1 (elementary row operation) % FAIT
' T
A AL Femfer |
TR E]:
Using elementary row operations, find the inverse of A=|1 3 2
i) 3t
1R Ll e
@) aA=| 5 2 6|2 d A" +3A-21% A Tl
-2 -1 -3
R S
IfA=| 5 2 6| then find A" +3A-21L
-2 -1 -3

(b) (i) W Uk GHRT (elementary row operation) % WM § I8 W e, fered
for wem-uTedig @i (linear equations)
x-2y+z=a
2x+7y-3z=>b
3x+5y-2z=c

%1 U &l 8|
Using elementary row operations, find the condition that the linear
equations
x-2y+z=a
2x+7y-3z=>hb
3x+5y—-2z=c
have a solution.
(i) =m
W ={xy 2|x+y-z=0}
W, ={x y 2 |3x+y-2z=0}
W3 ={xy 2| x-7y+3z=0}
A dim (W) n Wy 0 W) T dim (W, + W,) 31 A THemTierd |

If

W ={xy 2| x+ty-2z=0}

W, ={x y 2) |3x+y-2z=0}

W3 ={x 4 9 | x-7y+32=0}
then find dim(W; n W, n W3) and dim (W + W)
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SPM IAS ACADEMY

SHAPING BRILLIANCE

(c) W Faferd :

2.

(d) ¥@ A (sphere) 1 TiE Frfed, S a9 x2 +y2 =4; z=0 ¥ oA 2 3R S T

(e)

(a)

Evaluate :

1 1
Ii= .[O 3x10g(;) dx

x+2y+2z=0% TF g9, Rl s 3 8, § @ s 3)
Find the equation of the sphere which passes through the circle x? +y? =4;
z=0 and is cut by the plane x+2y+2z=0 in a circle of radius 3.

e Al V=2 s o y-mx=z=0 % < A (shortest distance)
4

5)
e | m % fore 7 % fog 991 Y@t =32 (intersect) M7
Find the shortest distance between the lines x2— L = yT—Z =z-3 and

y—-mx =2z=0. For what value of m will the two lines intersect?

() AQ My(R), 2x2 HIf2 (order) % Twfas =gl = @af¥ (space) @ P, (x),
i sg9al (polynomials), eI ey =1a (degree) 2 8, i w0 (space)

R, @ T: My(R) — Py(x), =l T[[Z ZD=a+c+[a—d)x+(b+c)x2, F M, (R)

Td Py(x) % HME MER (standard bases) % @h& (g frefa IRk 5%
AT T %1 A FAE (null space) ¥ Hifd)

If M5 (R) is space of real matrices of order 2 x2 and P, (x) is the space of real
polynomials of degree at most 2, then find the matrix representation of

b
T: My(R) - P,(x), such that T([: dD=a+c+(a—~d)x+[b+c)x2, with

respect to the standard bases of M;(R) and P,(x). Further find the null
space of T.

(i) AR T: Py(x) - Py(x) T ¥R & B T(f(x)) = £+ 5[ flo)at, & {1, 1+ x, 1-x2)
W {1l x, x?, x°} F FOE: Py(x) W Py(x) F MUR (bases) o4 gC T F 08
Eeaiel |
If T:Py(x) > P3(x) is such that T(f(x))zf(x)-i-Sf;f(t)dt, then choosing

{1, 1+x 1—x2} and {1, x, x2, x3} as bases of P,(x) and P;(x) respectively,
find the matrix of T.

10

10

10

10
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SPM IAS ACADEMY

SHAPING BRILLIANCE

: JE 10
() () IA=|1 1 0|28 @ A% AfwaE 97 (eigenvalues) ae rfirererves afe
(O S0k v il
(eigenvectors) ® i |

Ll 0)
If A=|1 1 0| then find the eigenvalues and eigenvectors of A.
O 0

(i) g R 6 7 (Hermitian) 3megg & vt stfiraarites 7@ awafas 2

Prove that eigenvalues of a Hermitian matrix are all real.

(c) 3R smEwi (bases) {1-x x(1-x), x(L+x)} T {1}, 1+x 1+x?} & "R& Was R

. 1=l 2
(linear transformation) T': Py(x) —» Py(x) s Ted s feam A= -2 1 -1 |3,
' [a=i S
@ T 9 hifsa |
1 -1 2
If A=| -2 1 -1| is the matrix representation of a linear transformation
JEPIND A3

1: P — Py(x) with respect to the Dbases {1-x x(1-x), x(+x)}
and {1, 1+x, 1+x2}, then find T.

. 2 2 2
3. (@ x*+y’+2z? F wfeam o =Eaw WM fefed, el x_+y_+_;§:1 a9

4 5
x+y-z=0 7l

Find the maximum and minimum values of x2 +y? + 2?2

g ollinin
conditions 2~ +Y_+Z_ =1 and x+y—-z=0.
4 SIS

subject to the

(b) W
25U 4 ()40, 0)
foy=1  *+y?)
0 » (6 y=00

8 >0 ST IR 78 B 6 | £(x, 1) - £(0, 0)] <-01, 74 x2 + 3y <52

18

20
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()

(b)

(c)

(d)

Let
DXy =S5x ity
Y_SX I TY | (% y=(0,0)
fln Y= (= +57)
0 » (6Y=00
Find a § >0 such that |f(x, ) - f(0, 0)| <-01, whenever /x> -f~y2 < d. 15

T x+2y+22=12 % x=0, y=0 @M x? +y* =16 T *1 T &7 & g &%
(surface area) fepfer|

Find the surface area of the plane x+2y+2z =12 cut off by x=0, y=0 and
x? +y? =16. 15

UF @, S W@ y=a=2 x+3z=a=y+z # a8 (intersect) F T AA T
x+y =0 % gIF=R 7, g SIHq 9a8 (surface generated) Femfe |

Find the surface generated by a line which intersects the lines y=a=z
x+3z=a=y+z and parallel to the plane x+y=0. 10

forg ifsa f% 3% (cone) 3yz-2zx —2xy =0 % FF TR AT S+H! (generators) F

forhrferd |
Show that the cone 3yz-2zx-2xy =0 has an infinite set of three mutually

perpendicular generators. If = =—=§ is a generator belonging to one such

set, find the other two. 10

[[ /6 y) dx dy = 7 Famferd, STt sm@ R = [0, 1; 0, 1] =

R
x+y, 4R x? <y<ux”®
x, =
fle Y { ; S
&l
Evaluate ” flx Yy dxdy over the rectangle R=][0, 1, O, 1] where

R

x+y, if x? <y<2x?
Flag =" ./
(D elsewhere 15

W%as (conicoid) ax? + by? +cz? = 1% d qrEdies weig wEfl aet % yheded g =

fargyr Frarfert|
Find the locus of the point of intersection of three mutually perpendicular
tangent planes to the conicoid ax? +by2 +ez? =1. 15
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@uvs—B / SECTION—B

d?y xJ_
5. (a) = +y= e*/? sin %1 ToRIY ¥HI&d (particular integral) feifem |
2
Find a particular intecgral of d g+y= e /2 sm%

(b) Trs A % @fRm d =37+ -2k, b=-i+3j+4k, C= 41 -2j-6k T By
aﬁgmﬁwm%|wﬁ§aﬁnﬁmﬁ#m1ﬁaﬂ%ﬁl
Prove that the vectors Cl=3'£+_]—2k, b=—i+3j+4l%, 3=4f—23’—61€ can
form the sides of a triangle. Find the lengths of the medians of the triangle.

(c) A FIH :
Solve :

dy 1 (etan_lx

a 1+x2 ~Y

(d) =g T TEed-FA y? = 4ox +4c? Waiem (self-orthogonal) B
Show that the family of parabolas y? =4cx +4c? is self-orthogonal.

(e) TH B T @R (central acceleration), S gt % FET % FEFAI (inversely
proportional) 8, % W&d I@@AM 1 AR W g@feg (origin) ¥ W a W TF et
(apse) & 38 a1 ¥ v&fta fran sman &, S o6 o Bewn % 90 % 91 1 V2 TR, @ 9% @
peicauREcaief

A particle moves with a central acceleration which varies inversely as the cube
of the distance. If it is projected from an apse at a distance a from the origin
with a velocity which is 42 times the velocity for a circle of radius a, then find
the equation to the path.

6. (a) T HIRA :

Solve :

{y(l—xtanx)+)c2 cosx}dx—-xdy=0

(b) HEh GHIEW (differential equation)

(D% +2D +1)y = e * log(x), [ ;.%]

! Y=l (variation of parameters) faftr ¥ g FifkA |

10

10

10

10

10
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()

(d)

(b)

Using the method of variation of parameters, solve the differential equation

= d
D? +2D +1)y = e * log(x), [DE—]
( )y glx) =

3 2
T x2 ﬂ_4xﬂ+6@ = 4 % A% g (general solution) T
dx® dx? dx
3 2
Find the general solution of the equation x° E—y—4xM +6@ =4, 15
dx? e X

AT &9 (Laplace transformation) 3t #eg ® = &1 5@ Femifer :

Using Laplace transformation, solve the following : 10

y”"-2y'-8y=0, y0)=3, y0)=6

D0 THEITE 1 THETH T B8 (rod) AB, A W &1 (hinge) % Ufta: I@@HE (movable) 7,
a1 g0 81 T fd 9 far W @@ 31 3R o3 %1 SEiw | g9E o 7, @ e R

6 &< (hinge) W wfifshan (reaction) =1 GRHAT %W\J4+tan2a B, SR’ W B8 @
R B

A uniform rod AB of length 2a movable about a hinge at A rests with other end
against a smooth vertical wall. If « is the inclination of the rod to the vertical,

prove that the magnitude of reaction of the hinge is
% Wv4 +tan? o

where W is the weight of the rod. 15

A ¥R P Al Q U TR (fixed) forg O & UM (strings) OA T OB ¥ @& © au1 T
T B8 (rod) AB T TH-g@W ¥ e R ™ %) 9fk uf OA W@ OB B8 (rod) AB ¥
FH: o, TAT B T A €, A R IR 7 B8 (rod) Hed R @ 6 Fw s 7, STl

PO
Pcota — Qcotf

tanb =

Two weights P and Q are suspended from a fixed point O by strings OA, OB and
are kept apart by a light rod AB. If the strings OA and OB make angles o. and
with the rod AB, show that the angle 8 which the rod makes with the vertical is
given by

B P+Q
Pcoto — Qcotf

tan 15
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@ SPM IAS ACADEMY

SHAPING BRILLIANCE

(C)

(b)

(c)

TH 1 ABCD, T&® To% g1 &l @=E q B, F TF St ao (vertical plane) ¥ e

(fixed) fopan StTan 3, e @1 qemd &fost &1 U o=aeH 9T (endless string), @R

TS [(> 4a) B, IS % HOT R @ IR GReAl % SR ¥ @ {1 (ring) % g0 e 21 o

F AR W ¥ 3R 75 Fd Rem # @ @ B <ot B oum @ o — =59 3,
2v1? —6la + 8a*

A square ABCD, the length of whose sides is @, is fixed in a vertical plane with

two of its sides horizontal. An endless string of length I(>4a) passes over four

pegs at the angles of the board and through a ring of weight W which is
W(l—3aq)

212 —6la + 8a>

hanging vertically. Show that the tension of the string is

£ (r) TreIfer, 59 9K 6 Vf = —aaﬂf(l) 0=l

—

Find f(r) such that Vf =L5 and f(1) =
r

g i 6

Prove that

§rdi=[[.dSxvf

T U] U WA W@ A A 8] T @R WA W@ R G BR (fixed) forg 0 1 0
1/3
ﬁ%ﬁm%amaﬂmu{%J ¥ R 3, 7 78 Big O x g W A AR Brg 0 a gl
X
T I A TEE B ®, @ 97 T PR s v O WS

A particle moves in a straight line. Its acceleration is directed towards a fixed

1/3
point O in the line and is always equal to u( 2} when it is at a distance x
x

from O. If it starts from rest at a distance a from O, then find the time, the
particle will arrive at O.

(d) iy T FIEAEE (cardioid) r = a(l +cosh) F o forg (r, 6) W wshear-B=a1 (radius of

curvature) &I 91 7o FHIIA B 1 6 =0, %, gq{m-ﬁwﬁﬂmﬁﬁﬁﬁl

Fbr the cardioid r =a(l+cosf), show that the square of the radius of

curvature at any point (r, 8) is proportional to r. Also find the radius of

curvature if 6 =0, IF_ E.
4’ 2

* ok %

20

10

10

15

15
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