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MATHEMATICS (PAPER-]

(Time Allowed : Three Hours l Maximum Marks : 250

QUESTICON PAPER SPECIFIC INSTRUCTIONS

(Plecase read each of the following instructions carefully before attempting questions)

There are EIGHT questions divided in two Sections and printed both in HINDI and
il ENGLIEH.

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, altempt of a
question shall be counted even if attempted partly. Any page or portion of the page left blank
1 the Question-cum-Answer Booklet must be clearly struck off.
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TIE—A / SECTION—A

1 1
1. (@) (i) Ik A=|1 2 | &, A WRIETE 9 9ishdl (elementary row operation) % A
- 1 1

1 2 1
Using elementary row operations, find the inverse of A=|1 3 2 .
1 0 1
, 1 8
i) A= 5 2 62 @A"Y +3A-2I % A MR |
E s el
L 1 3
IfA=| 5 2 6/ then find A" +3A-2I. "
-2 -1 -3
(b) (i) RS Ufw @i (elementary row operation) & WA W 98 ¥d I, TSER
for gug-urdg RN (linear equations)
X 72U 2= 1)
2x+HIlYy-3z=D
Gt Ol —LZ=¢C
F1 Uh T B |
Using elementary row operations, find the condition that the linear
equations
xX-2y+z=aq
2x+7y—-3z=D>b
3X+5y—-2z2=c¢
have a solution. 4
i) A
Wi ={(x, 4 2| x+y~2=0)
Wy ={x y 2) |3x+y-22=0]
Wy ={(x 4 2) | x-7y+32 =0
al dim (W) n Wy 0 W) 9901 dim (W, + W, ) %1 A TRt |
If
Wy ={xy 2| x+ty-2z=0
W, ={x, uy 2| 3x+y—-22=0]
Wi={xy2|x-"7Ty+3z=0;
then find dim (W; n W, n W3) and dim (W) + W,). 3
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(c) TH HFTad -

Evaluate 10
1 1
I_jo %/xlog(;) cx

(d) 39 Td (sphere) o1 HHRW [HaTler, SO Bl x4 +y2 =4; z=0 9 TSRAl ® 3R S
X+2y+27z =049 Uk dd, TR B 3 %, N HIZT AT 2 )

Find the equation of the sphere which passes through the circle = +y2 =4;
z=0 and is cut by the plane x+2y+22z=0 in a circle of radius 3. 10

(e) T@Er=Al "‘2_1 =y;2 =z-3 T4 y—-mx=2=0 % 14 @gaq gl (shortest distance)

e | m & fra oM & fore 391 Wand ufe=3e (intersect) M7

Find the shortest distance between the lines xg_lzy;Q:z—S and

y—-mx =2z=0. For what value of m will the two lines intersect? 10

2. (@) () TR My(R), 2x2 #i (order) % awaias® =gl I TAM (space) a4l P,(x),
JTEd: 959G (polynomials), 5= 2tfemman = (degree) 2 7, &l ¥HE (space)
SR,

c d
T4 5 (x) + HH® MU (standard bases) % TN HTR Helua #iR | 3o
A T 1 3 9918 (null space) UTH S |

If M, (K)1s space of real matrices of urder 2 x2 and P, (x) is the space of real
polynomials of degree at most 2, then find the matrix representation of

g, @ T: M,(R) — P,(x), &l T[

J:a+c+(a—d)x+(b+c)x2, ® My (K)

e
T: My(R)— Pr(x), such that T( P ) =a+c+(a—d]x+(b+c)x2, with

C
respect to the standard bascs of M, (R) and P,(x). Further find the null
space of 7. 10

(fi) 4R T: Py(x) > Py(x) 38 TR 8 T T(f(x)) =f(x)+sj;f(t)dt, {1, 1+x, 1-x2)

T {1, x, x%, x°} B FAW: Py(x) W Py(x) 1 MER (bases) od 8L T & AR
ehTieTd |

If T:Py(x) = Py(x) i1s such that TLf(x)):f(x)+5J:f(I)dt, then choosing

{1, 1+x, 1—x2} and {1 x, X%, x3} as bases of P, (x) and P;(x) respectively,

find the matrix of T. 5

M-ESC-U-UITDH/ 54 3 [ P.T.O.
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(b) () TR A=[1 1 0|2, 4@ A% ATaF 99 (eigenvalues) d sl afamm
B9 1
(eigenvectors) & FHHId |
1 L O
it A=}1 1 0O}, then find the eigenvalues and eigenvectors of A. Q
0 0 1
(i) 1&g &1l T 8Hl (Hermitian) HlTg & aft srivagfoes am arafas 21
Prove that eigenvalues of a Hermitian matrix are all real. 8
(c) Tie A9 (bases) {1-x, x(1-x), x(1+x)} T {1, 1+x 1+ x*} % T INTH IR
-l -1 2
(lincar transformation) T: P, (x) — P, (x) & @%d 3T=gg WM& A =| -2 1 -1 |7,
L
al T it
1 -1 2
It A= -2 1 -1/ 1s the matrix representation of a linear transformation
1 2 8
1" Pylx)— Fr(x) with  respect  to  the bases  {1-x x{1-x), x(1+x)
and {1, 1+ x, l—.l-xz}, then find 7. 19
P 2 ) : a % x?' 112 Zg'
3. {a) X" +y  +2z F ATgFRag | ~IdH Y |-1"3F.:I|Gl’3, K T+£§ +—2€ =1 ol
x+y-z=0 T
Find the maximum and minimum values of x° +y?‘ + z” subject to the
2 2 2
conditions X +¥ 42 -1 and xX+y—-2z=0. 20
4 o 2o
(b) AW i
T R -
4k B0k Y PH a0, 0
Slo g=1  (x*+y")?
O , ()C, y) = (0, 0)

5 >0 W AR 78 TR 6 | f(x, y) - [0, 0)] <-01, 5 /x2 + y? < §

M-ESC-U-MTH/54
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Let
DX Y =Bty ® sy
7 5 “2”2 J—, 6 Y = (0, 0)
Tl u) = (x< +y~)
O ; (X: y) = (O: O)
Find a 0 >0 such that |f(x, y)— f(O, 0)] <-01, whenever \/xz +y2 < 9. 15
() T x+2y+2z=12 % x=0, y=0 M x° +y* =16 T *2 T 435 % A &4I%
(surface area) F@Ife |
Find the surface area of the plane x+2y+2z =12 cut off by x =0, y=0 and
x? +y2 =16. 1B
4. (a) TH @, A @A y=a=2 x+3z=a=y+z H A8 (intersect) Xdl & dYU1 T
X +1y =0 % YHHARHE g, g0 SHd a2 (surface generated) e
Find the surface generated by a line which intersects the lines y=a= z
xt+3z=a=y+z and parallel to the plane x+y =0. 10
(b) Tz I 6 W% (cone) 3yz-22zx —2xy =0 F dH TWER Av&lld F9F1 (generators)
TF A HIF 7| Al -)1—6 =% =§‘@ 4l W= 61 Uh S (generator) @, @1 9Tl @
eferd |
Show that the cone 3yz-2zx -2xy =0 has an infinite set of three mutually
perpendicular generators. If ilc = 1’1'( —; 1s a generator belonging to onc such
set, find the other two. 10
() || flx y)dxdy = am P, sl s R = [0, L 0, 1] ae
R
x4y, 4l x? <y <ux’
- " ’
D\, H L]
2
Evaluate J‘J.f(x, Y)dxdy over the rectangle R =[0, 1, O, 1] where
R
X+ . Af B € Bx”
Sl y=4""Y 7
5 . elsewhere 15
(d) @FEs (conicoid) ax? +by? +cz? =1 % dH yrEaier sl welf adt % ufresen fag =
ferrgaer oo
Find the locus of the point of intersection of threce mutually perpendicular
tangent planes to the conicoid ax? + by2 +cz? =1 15

M-EsC-U-IMITH/ 54 D | 2T A,
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Wis—B / SECTION—B

2
S. (a} —d—ij +y=e*?sin xf &1 {9919 ¥91%ha (particular integral) fifed |
dx
2
Find a particular intcgral of g__éi Y = e*’? sin x;@' 10
dx

F o Fat

- 25 e N, ~—> i 50 o — 21 2 o —¥ : :
(b) g HINA T W a=3i+j-2k, b=—-1+3j+4k, ¢=4i-2j—
=l YSIC =91 Gehd & | 59 Ty Y gifedenien & aard e

— A A ol ~ ~ ~ A 5 o
Prove that the vectors a=3i+j-2k, b =-1+3;+4k, "5:41—2]—616 can

form the sides of a triangle. Find the lengths of the medians of the triangle. 10
(c) T BN :
Solve : 10
dd i =
e~ e x oy
dx 1+x

(d) TEmed T WIAG-FHed y2 = 4ex + 4 EHATTER (self-orthogonal) 21

Show that the family of parabolas y2 = 4ex +4c? s self-orthogonal. 10

(e} Tk bl S EADIGI (central acceleration), S @ & FPrEma = Y cshl ghﬂnﬂ (inversely
™

proportional) 8, % d&d IA™HM 3| Tl W ligdfgiﬁg (origin) ¥ R a W TF wlete
(apse)ﬁmﬂﬂﬁﬂﬁﬁﬁﬁww%, SIRE aﬁw%gd%%m@ﬂm%,aﬁwm
g TepTierd |

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 v2 times the velocity for a circle of radius a, then find

the equation to the path. 10
6. (@) T HIA
Solve : 10

{yll - xtan —’C]Jr-f‘\’-‘2 cosx}idx —xdy=0

(b) g HHIHRT (differential equation)

(D% +2D +1)y = e~ log(x), el
dx: |

1 W=A-Ta=Ro (variation of parameters) ffy & 7a Fiv@

I}
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Using the method of variation of parameters, solve the differential equation
(D% +2D +1)y = e * log(x), DEi
. dx. 15

3 2
(C) TR x4 d_sy —4xd g -6 zz = 4 %] Y% & (general solution) iEEAEEE
dx cx

3 2
Find the general solution of the equation x? - g—4x@+6@ =4, 5
dx - ™ da
(d) I ®YI0T (Laplace transformation) i Hgg g = &1 g Hatier
Using Laplace transformation, solve the following : 10

y' -2y -8y=0, y0)=3, y0)=6

7. (@) 2aqdFETE 6 EIE T 88 (rod) AB, A W &1 (hinge) % 9Rd: =@™@HH (movable) ,
et gau BR w o e dar W [ 21 9ft 38 1 S| | g o 7, @ g Hiisd

& &< (hinge) W 9fdRA (reaction) 1 THT %W\f4+tan2a g, S&l W B3

IR B |

A uniform rod AB of length 2a movable about a hinge at A rests with other end
against a smooth vertical wall. If a is the inclination of the rod to the vertical,
prove that the magnitude of reaction of the hinge 1s

%W\/4+tan2a

where W is the weight of the rod. 15

(b) € R P aul Q W fBR (fixed) fog O ¥ ¥ (strings) OA T8 OB ® @& § @ UH
v B8 (rod) AB TR TH-gW € 1@ Rd ™ B I 9P OA Wd OB B8 (rod) AB ¥
FHHT: o G B FU 9 B, 91 g FilE % 58 (rod) S+ fewn 1 0 1w 1Tl €, SR

P+Q
Pcoto — Qcotf

tang =

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 a and 3
with the rod AB, show that the angle 8 which the rod makes with the vertical 1s
oiven by

P+Q
Pcota — Qcotf

tan 6 = 15

M-ESC-U-MTH/54 7 [ P.T.O.
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(c) WH T ABCD, SHH 9% YSll %l TR a B, ¥ U I da (vertical plane) ¥ T&R
(fixed) feram sira1 8, fomehl @1 yod &f 31t 3=<€R 97 (endless string), el
A8 [(> 4a) B, 918 & HoN R fod Ir giedl & IR 8 uF {1 (ring) % 500 R4l 21 {
F IR W 8 3R I8 3t foun 4 o w1 31 quigd T il &1 aara WU_SG)_-_,___ 2l

21?2 ~6la + 8a”
A square ABCD, the length of whose sides is q, 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

hanging vertically. Show that thec tcnsion of the string is — . 20

v

8. (a) f(r)Fefel, 39 vor 5 vr =%am ) =07
ca
Find f(r) such that Vf = Ls and f(1) =0. 10
r
(b) Tag FifeA 15
Prove that
< —
{‘Cfdr =J.J‘SdS XV[ 10

(c) TH HU TE HA W@l A TAHE 21 $ER] @Rl W @ W UE fBR (fixed) g 0 ) A

((15

1/3
fafra @ qun g9em —] AR, TR I O x P RRB IR T fag 0% a gl

xxz

Q@ I A Y MIHE & 8, dl 98 999 eRIfdd 91 o1 O TS |

A particle moves in a straight line. Its acceleration is directed towards a fixed
T,
: . : . a . .
point O in the line and 1s always equal to n -—QJ when it is at a distance x
X
\

from O. It 1t starts from rest at a distance a from O, then find the time, the
particle will arnve at O. 15

(d) =B 1% FEATEE (cardioid) r = a(l +cos6) % Ff fag (r, 6) W aFar-B=n (radius of

curvature) & 1 r % GHHAN 81 6 = O, 2-, gtﬂ Jhdl-T3=g1 ] 1a e |

For the cardioid r =a(l +cos8), show that the square of the radius of

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

. T T
curvature if 8 =0, —, —

4’2 15

* kA&
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