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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 § 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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1. (@ (i) IRA=

(b)

(@)

()

()

- @Us—A |/ SECTION—A

Ios 2]
1 3 2|2, d yrfem die 966 (elementary row operation) % WA
] 0 R
A A FeferR |
1
Using elementary row operations, find the inverse of A =|1
1
IR B s
MA=| 5 2 6|2, A" +3A-2I% uF Rerfed|
-2 -1 -3
DA S
IfA=| 5 2 6| then find A’ +3A-2I
-2 -1 -3

TR Uitk GRFI (elementary row operation) % YN & 98 ¥d fawier, e

o5 yem-urdig @il (linear equations)
x-2y+z=a
2x+7y—-3z=D>b

3x+5y-2z=c

% T & Bl |

Using elementary row operations, find the condition that the linear

equations
x-2y+z=a
2x+7y-3z=b
3x+5y-2z=c
have a solution.

fe
W ={x y 2| x+y-2z=0}
Wy ={(x y 2 |3x+y-2z=0}
W; ={x Yy 2| x-7y+3z=0}
A dim (W) N W, 0 W) T dim (W + W,) 31 9 Fererd |

If

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

Wy ={x y 2 |3x+y-22=0}

W3 ={x ¥y 2| x-7y+3z=0}
then find dim (W; n W, n W3) and dim (W] + W)

© W M
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(c) WA Fefer :
Evaluate : 10

1 1
Ii= _[0 3 xlog[;) dx

(d) 4 T (sphere) =1 wHiw Frefed, s g x2 +y2 =4 z=0 ¥ a1 § 3R W A«
x+2y+2z =08 vF g9, S s 3 &, 3 Fe s 2y
Find the equation of the sphere which passes through the circle x2 +y? =4
z=0 and is cut by the plane x+2y+22z=0 in a circle of radius 3. 10

(e) Y@ ﬂ=¥=3_3 A y-mx=2z=0 % =9 @gaq g0 (shortest distance)

2
Frerfer | m = o8 =M % fore 91 Y@ afe=ae (intersect) Hifi?
Find the shortest distance between the lines i) = y—;-g =z-3 and
y-mx=2z=0. For what value of m will the two lines intersect? 10

2. (@) () AR M,y(R), 2x2 ®Ife (order) % arfes 3G I TR (space) e P, (x),
&I §gUal (polynomials), He 1fekan w1d (degree) 2 ®, #1 §af¥ (space)

A,AT: M (R)-)Pﬂx),'ﬁﬁT azh =a+c+[a-—d)x+(b+c)x2,$lMQ(R)
e G

T P,(x) % HME STER (standard bases) & Wn& oeqg Frefia HIv@ | 39
HAET T %1 I FH1E (null space) I Hifsd |

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

T: My(R) = Py(x), such that T[[a

b
4 dD =a+c+(a-d)x+((b+0x?, with

respect to the standard bases of M,(R) and P,(x). Further find the null
space of T. 10

(i) AR T Py(x) — Py(x) T S0 R 5 T(f () = £+ 5[ fldt, T (L, 1+, 1-x?)

G {1, x x2, x3} B FW: Py(x) W Py(x) F MUR (bases) o1 gL T H S
Trerferd |

If T:Py(x) = Py(x) is such that T(f(x))= f(x)+5_[;c f(t)dt, then choosing

{1, 1+x 1-x?} and {1, x, x?, x3} as bases of P,(x) and Ps(x) respectively,
find the matrix of T. 6
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I ER D)
() () IRA=[1 1 0|2, @ A% Alafes 77 (eigenvalues) au1 e afew
00

(eigenvectors) = e |

If A=

O = =

1550
1 0|, then find the eigenvalues and eigenvectors of A.
01

(i) Tog FA % efff (Hermitian) 3= & wft sivsefies om smeafes 2|

Prove that eigenvalues of a Hermitian matrix are all real.

(c) afe amami (bases) {1-x x(1-x), x(1+x)) T {1, 1+x 1+x?} & @ WRas w9

: 1b Sl
(linear transformation) T': Py(x) = Py(x) F e g FeaT A=| -2 1 -1|9,
' 1k 2
qr T wm i |
ot — I
If A= -2 1 -1 | is the matrix representation of a linear transformation
EARaEE DG

1: Py(x) > Py(x) with respect to the bases {1-x x(1-x), x(1+x)}
and {1, 1+x, 1+x?}, then find T.

3. (@ x*>+y?+2® w0 wfoekaw dw Een AW Feifed, Sl %+§"5_+55-=1 T
x+y—z=0€ﬂ
Find the maximum and minimum values of x? +y? +22 subject to the
_ x2 y? 22
conditions —+<—-+-—=1and x+y-z=0.
4 5 25
(b) AF iR
2x%y-5x%y?% +y°
IS Y kY200
So6 Y= (x* +y7)
0 , (6y=00)

8 > 0 WTH I 38 TR 76 | f(x, y) - f(0, 0)] <-01, 51 4/x2 +y? < 57|

18

20
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Let
2x y=5x12 +y°

» (64 #(0 0
foe=1  (x?+y?)?
0 » (6Y=00
Find a 8 >0 such that |f(x, y) - f(0, 0)] <-01, whenever x2 +y? <. 15

() T x+2y+2z=12 % x=0, y=0 7 x? +y? =16 T FR T & % yfa §I%a
(surface area) faIfer |

Find the surface area of the plane x+2y+22z=12 cut off by x =0, y=0 and
x? +y? =16. 15

4. (a) TH W@, @ y=a=2z x+3z=a=y+2z H U=de (intersect) el 2 IUT T
x+y =0 % GAHR ¢, BN Sd 9ag (surface generated) Memferd |

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

(b) T A % F (cone) 3yz-22zx —2xy =0 ¥ ¢ TR T4 SHF! (generators)
@mﬂaﬁﬂ%lqﬁf—g——@wwaﬂ@m(generator)'@l ql sehi &

Al
foremferd |
Show that the cone 8yz—-2zx -2xy=0 has an infinite set of three mutually
perpendicular generators. If %—%zg is a generator belonging to one such
set, find the other two. 10

() [[70s ydxdy = wm frefed, swf sma R=[0, 1; 0, 1) 9
R

Foo g =1 %tYs 4R x <y <2x®
5 Y]
&l
Evaluate X, Y)dxdy over the rectangle R=10, 1; 0, 1] where
Y
R
flx g= by il x? <y<2x?
(810 elsewhere 15

(d) w=as (conicoid) ax? +by? +cz? =1 % o TREaRes ey el 9 % TRede fg @

farge Fraprfert |
Find the locus of the point of intersection of three mutually perpendicular
tangent planes to the conicoid ax? +by2 +cz? =1. 15
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S. (a)

()

(c)

(@)

(e)

6. (a)

(b)

@us—B / SECTION—B

2
d_g +y=e*/?sin x23 =1 fa99 ¥9%e (particular integral) fefm )
dx
2
Find a particular intcgral of dy +y=e*/?sgin x-\ﬁ' 10
dx? 2
frg AR B wRw d=30+j-2k b=-1+3j+4k, C=4i-2j-6k w EEE
# god 1 wehd ¥ | 39 P < w6 g feR
Prove that the vectors a =31 +3—2)’E, b=-i +33 +4k, ¢ =41 ~-2j-6k can
form the sides of a triangle. Find the lengths of the medians of the triangle. 10
TA I :
Solve : 10
dy 1 tan~! x
= ( -y
dxli 14x2
s T waea-3a y? = 4ox +4c? Eaifas (self-orthogonal) ®1
Show that the family of parabolas y? =4cx +4c? is self-orthogonal. 10
T U 5 @R (central acceleration), Sl gt % BEW % sIerAmt (inversely
proportional) 8, % &d HFHH §| 4R 38 FWlEg (origin) A & a W TF W@
(apse) ¥ 39 a1 @ v&fa e smar &, St fF o B9 % 99 % 3 %1 V2 TR, @ 9w
gt Frepferd )
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 4/2 times the velocity for a circle of radius a, then find
the equation to the path. 10
g I
Solve : 10
{‘r_,,r[l—:¢:1;&111.>c}+2c2 cosx}dx—-xdy=0
aehel GHTeRT (differential equation)

2 e X =i
(D“ +2D +1)y = e~ log(x), [D_dx]

EARIERE T (variation of parameters) faf% 3 a1 Hifsd |
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()

(d)

(a)

(b)

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

2 — ok =£
(D +2D +1)y =e ~ log(x), I: —dx]

3 2
iR X2 d y_4xd yq.ﬁ%:é}ﬂ%%ﬁ (general solution) e |

3 2
Find the general solution of the equation x2 aiy —4Jcﬂ +6@ =4, 15
dx? oS i

AT w90l (Laplace transformation) it 7eg @ 4 1 ga1 Mo :

Using Laplace transformation, solve the following : 10

y’-2y’'-8y=0, y0)=3, y0)=6

Da T F THEAH TF B8 (rod) AB, A R &< (hinge) % uftd: I@™HH (movable) &,
e g0 o1 T e S dar ® fBm 21 AR o w1 wEin @ ghE o 7, d R e

5 &= (hinge) W WiAfHA (reaction) =1 iAo %W-\J4+tan2a 2, W&l W @8 &
R & |

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

%W 4 +tan? o

where W is the weight of the rod. 15

3 WK P a1 Q TF @R (fixed) fog O & UMl (strings) OA TS OB § @& © ¥ Th
T B8 (rod) AB TR TH-g@R ¥ e R T €1 3fe ¥7 OA ©& OB 88 (rod) AB ¥
FEI: o A91 B B T B, a1 frg BRR 33 (rod) S fesn & 6 For w4 7, wwd

P+Q
Pcoto. — Qcotp

tanf =

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 8
with the rod AB, show that the angle 6 which the rod makes with the vertical is
given by

P+Q
Pcota - Qcotf

tan6 = i1z
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(c) Uk T ABCD, s Yol Y I @S a , &1 T Fed aa (vertical plane) & f@R
(fixed) foram sman 3, ekl QA yomd &fst 81w S7=<EH 97 (endless string),
g (> 4a) B, 918 % B R R =R giedl o W @ uw f (ring) % g0 A 81 o
F AR W % 3R 78 T R e @ 2 quied e o w39 a

2412 —6la + 842
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(>4q) passes over four

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

hanging vertically. Show that the tension of the string is ; 20
2I1? —6la + 8a?
=
8. (a) f(r)Feled, W ¥R B Vf = @0 f(1) =07
r .
7
Find f(r) such that Vf == and f(1)=0. 10
r
(b) Tos HitE 6
Prove that
5y -
§.fdr=|[[.asxvf 10
(c) Wk Y TH Wi @l H REE R FHE @O WG W@ R T R (fixed) fg 0 @
1/3
5
ﬁ%&a%waﬁwu[%] % SR 2, 99 A8 forg OF x g0 W 7| Al 95 forg 0¥ a gl
x
W I 9T G gl g, o 9% g9 e S| 0 O W S|
A particle moves in a straight line. Its acceleration is directed towards a fixed
5\1/3
point O in the line and is always equal to p(a—2J 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. 15
(d) =A% FfErse (cardioid) 7 = a(l +cos6) & Tt forg (r, 6) W asha-B51 (radius of
curvature) 1 @ r % G 216 =0, %, gtﬂam—ﬁan of) 3@ AR
For the cardioid r =a(l +cos6), show that the square of the radius of
curvature at any point (r, 6) is proportional to r. Also find the radius of
curvature if =0, =, X, 15
4" 2

* ok
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