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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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fa) 13{T?{T%f: O,

"Uis—A / SECTION—A

— R & 9ad %9 &, 391 6

2
fg=S%TX  ggxed
4x° -m* 2

f(IF] F1 7F T4 Fif )

il

Let 7200, >R be a continuous function such that

Find the value of f[EJ
2

10

(b) mAITF f:DcR*) - R & % ® 3R (q, be D. 3R f(x, y) 93 (@, b) W Haa &, @

3EFY b HeH f(x, b) 3R fla, y) FF9: x =a AR y = b W Gdd 3|

Let f: D(C }Rz) — R be a function and (a, b) € D. If f(x, y) is continuous at {a, b),

then show that the functions f(x, b) and f{(a, y) are continuous at x = a and at

Yy = b respectively. 10
(c) = fE T:R* - R? us Waw wfafwm ?, S f&% 7@, 1)=(5, 7) @ 71, 2) = 3, 3). 3™

A THE SURI e, e, ® WY& T @70 AR ¢, 9 A S 31a Fifsm

Let T:R% - R? be a linear map such that T(2, 1) = (5, 7) and T(1, 2) = (3, 3).

If A1s the matrix corresponding to T with respect to the standard bases ey, €5,

then find Rank (A). 10
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(d)
I . 2 11

A=l1 -4 1| 3R B=|1 -1 O

'3 0 -3 2 1 -1

2, A <WisC % AB =61;. 38 9oy =1 I3wgm wd ge Pefoiga afleo Rem f &«

%Plﬁlﬁ ;
2X+Yy+2=>5
x-y=0
2x+y—-z=1
I{
1 2 1 2 G
A=l1 -4 1 and B=|1 -1 O
'3 0 -3 ‘gL -y
then show that AB =6I;. Use this result to solve the following system of
equations
2xX+Yy+z=95
x—-y=0
2x+y—z=1 10
(e) =T

(fread) Tard 3| whede fig F PEuiE o sw wwdw, R O tard ¥, # e
[rd HIfsT |

Show that the lines

=3 2 1 1 -3 2

intersect. Find the coordinates of the point of intersection and the equation of
the plane containing them. 10
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2. {aj 9 f(x)=|cosx|+|sin x|, xz-gﬂ'-R HAFANT B? F AR IW 8 8, Al f(x) F el

x:gmmaﬂﬁmmmmm%,aﬁmﬁmwwﬁﬁm |

Is f(x) =|cosx|+isin x| differentiable at x = g? If yes, then find its denvative at

X = If no, then give a proof of it. 1.5

Ll
-

(b} WHI % A 3N B HaH FIfe & A Al 37g & 74 det A +det B =0. 30 H A+ B T
Hegewrnvity (Fapen) amege B

Let A and B be two orthogonal matrices of same order and det A +det B =0.
Show that A + B 1s a singular matrix. L5

(c) (1) HHAA x+2y+3z=12 FaEms JG F A, B, C W Yd=se FO el BFYT ABC &
gitgd =1 wHfeRtu F1d Hife

() Tog M & gaad z=0 Ma® x? +y* +2% =11 % FgAd vy, o= i
(2, 4, 1) B, T & gEahig Afdwady | yfo=ag =t 2|

(1) The plane x+2y+3z =12 cuts the axes of coordinates in A, B, C. Find the
equations of the circle circumscribing the triangle ABC, 10

(1) Prove that the plane z=0 cuts the enveloping cone of the sphere

x? +y2+z2 =11 which has the vertex at (2,4,1) in a rectangular

hyperbola. 10

3. (a) HEHA f(x)=2x> -9x? +12x +6 F JAWA [2, 3] W Aty M =FEaw 7R 710 Fifvw

Find the maximum and the minimum value of the function
flx) = 2x? -9x? +12x +6 on the interval [2; Sk 15
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(b) Tog T & grawor: TR ©F fog ¥ Wadms x2 + y? = 20z W dF aIfie® sAw 1 g
2, dfF7 7R fug aae 27a(x® +y?)+8(a-2° =0 W @ 2, @1 37 f1 it 4 @ @
A" TH A B

Prove that, in general, three normals can be drawn from a given point to the
paraboloid x* +y2 = 2az, but if the point lies on the surface

27a(x? +y?)+8la-2° =0

then two of the three normals coincide. 15
(c) oMl T
s T 2 13
2 1 1 -8 1
12 3 5 0

(i) 3UGHiE
: (X)) 1
_ R4 al X2 |2
V ={(xq, Xp, X3, X4)E A =0
X3
\ X4
& fam g1d sy
Let

V7 QN1
1 1 -8 1
2 3 5 0
3 4 -3 ly

(i) Find the rank of matrix A,

(i) Find the dimension of the subspace

r’xl“\

X
V=1(x;, x,, x5, x5)€ R¥|A| "% |=0}

X3

X4/ 15+5=20
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4. (a) FA-efyces g w1 FuA fafan) 3@ g 1 393 =& A0 = 9" e i, swEl
1 0 0
A=l1 0 1
010

State the Cayley-Hamilton theorem. Use this theorem to find A%Y where

1 0 O
A=|l1 0 1
_0 1 O_ 15
(b) Tog P8 o arcll dega
2 2 2
x_+y_+z_=]_
a’ b c?

# srfyea Sfian F F98 @ Hia 3 g FINC 6 3R I8 4PG, & T9F B, 8 G, IT
ﬁ@%ﬂﬁPﬁ{ﬁﬁaﬁﬁﬂﬁﬁaﬁﬁmxy—ﬂamﬁﬂ?ﬁ%,ﬁPﬁ

2 2 2
x—(2r:2 —a2)+y—(2c2 *b2)+—z—- =0
6 6 4
a b C

o By

Find the length of the normal chord through a point P of the ellpsoid

2 2 2
Y

+<_ 4

X Z -1
a’ b c?

and prove that if it is equal to 4 PG,;, where G5 is the point where the normal
chord through P meets the xy-plane, then P lies on the cone
2 2 2

X_@c? -a?)+Z_c? -p?)+ 7 =0
a b c? 15
(c) (i) ¥R
' 1/3 1/3
P | X + Y
U =sin \xlf’? +y1/2

2 3 emfen ¥ sin2 w, xmym_émﬁmmw%lmmﬁa

) 0%u 32%u , 0%y tanu(13 tan‘u
X< ——+2xy +yc —— = +
dx * dx Yy Jy? 12 (12 12
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(i) St fafy 1 FER FA gU R B SR £ = S FO) =0 %, A
1+ x
X+
fl)+ 1Y) =f[ y)
1 - xy
(i) If
[ 1/3 | 1/3
=] X + U
S \ x1/2 4yl
: 1
then show that sin“ u is a homogeneous function of x and y of degree ars
Hence show that
2 2 2 2
. %, u+2xy d°u +yg 0°u _tanu 13+tan u
(ii) Using the Jacobian method, show that if f(x) = : ! : and f(0) =0, then
+ X
X+
f)+ ) = f(;- y}
— XY 8
@Uves—B / SECTION—B
5. (a) 3= FHtHR
(Rysin x + 3y4 SIn X Ccos x) dx — [4y3 cos? x +cos x) dy =0
eARSIEAIE L
Solve the differential equation
(2ysin x +3y” sin xcosx)dx - (4y° cos? x +cos x) dy =0 10
(b) FdHhd THIEH
2
“Y 480 +4y =3x%e?* sin2x
dx*  dx
F1 0§ 14 HIAC
Determine the complete solution of the differential equation
2
By _4@ +4y =3x“e** sin2x
dx*  dx 10

SDF-U-MTH/10 7 [ P.T.O.
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TF 9N THAAH T AB &1 0 100 0F 41 &fds 88 AC, s 919 98 gaa (fon) & g0 9

B R, T W A Bl BUE C TR W W YRS B W9 vg wiw fag W R, o=
AC* - AB* = BC*® ?1 afe &ftsi Y& @ AB & o9 &1 % 6 &, A fag $ifsre i adoy 1orss
cotd 3

24+cot” o

One end of a heavy uniform rod AB can slide along a rough horizontal rod AC,
to which it 1s attached by a ring. B and C are joined by a string. When the rod is
on the point of sliding, then AC* - AB? = BC? 1f 8is the angie between AB and

. . . . - . coto
the horizontal line, then prove that the coefficient of friction is - — s,
Z+cott 8 10

(d) TF FHO F Yedl R SN0 A IH FU b gedl & % ° gl % I b JoFATUTd B | UE &,

(€]

(b)

forgert i geeft ) wae W W R, Bde ¥ 3k 396 B gl FI gar W fina B4 qwign f6 gt &
THRYY g g1 fhU 0 FE q"{murghw%, w8l h gl & T3 B

The force of attraction of a part:cle by the 2arin g eysts8 b gL @ 1oal 10 the
square of its distance from the earth’s centre. A particle, whose weight on the
susrace of the earth s W, {glis 12 the sarface ¢f “he zacth from a height 3h
above 1t. Show tnat the magnitude i work done by the earth’s attraction force

1s —nW, where h i1s the radias of tize earth.

& 19

o x =t oy=t4, z=t> F g (1, 1, 1) W omwl-tm@ o 8 s xy? + y2? +zx? FW
RURERCEIE IR i

Find the directional derivative of the function xyz + Yz

-4

“Ng zxc2 along the tangent

to the curve x =1, y=r2, z=t" at the point (1, 1, 1). 10

w fqug us vg IR 35 A" 319 ¥ 31 81 % F YR 9y sgmS & fiver w5 s1ed=mm
a®l Q0 fuve v v &fas 79 W @ R, SeF e 19 F w9y = 2) gwige fF v F
Hitwar F=ms, foow T ameErs fer s ©®, V3 a B

A body consists of a cone and underlying hemisphere. The base of the cone and
the top of the hemisphere have same radius a. The whole body rests on a
rough horizontal table with hemisphere in contact with the table. Show that
the greatest height of the cone, so that the equilibrium may be stable, is v3 a. 15

aF C ¥ 91 WE F & e 3@ #i, 97 F = 2x +y2)i +@y -4x) ] v C, fig
oo, )TFady=x"Fsuanfeg 1, )aFg 0 07 7% y* = x F W
gfesnfa 2

Fal

Find the circulation of E round the curve C, where E =(2x+y2)f + By —-4x) J
and C1s the curve y = x? from O, O) to (1, 1) and the curve y2 = x from (1, 1) to
(O, O). 1.5
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(c) (i) HIHA FHIE

,
23 +(3sin x —cotx)@ +2ysin? x = e~ ¥ sin? x
dx * dx
&l 7 Hife |
n+l-
@) ¢t V2 g 12 & e w9 Fa Fifae) fag Al R ¢ 2 1 AreE F9TR
F[n+l+l)
P — 2 .
r1+1+;
S 7
gal &, gl ne N.
(i) Solve the differential equation
2
i-‘,y- +(35inx—c0tx)?1—l'f +2ysin® x =e %5 *sin® x
dx* dx 10

(i) Find the Laplace transforms of t /2 and t}/2. Prove that the Laplace
1

n+—
transform of t 2, where ne N, is

F(n+l+l}
2

1

n+1+
S 2 10

7. (@) THFO x2y” -2xy’ +2y=x>sinx % WA PN HEAH g %1 W Wdd w6
Fraifer siR aa fou o gt &1 e - feo fafu g amm & M)

Find the linearly independent solutions of the corresponding homogeneous

differential equation of the equation x4y’ -2xy’ +2yY = x> sin x and then find

the general solution of the given equation by the method of vaniation of

parameters, 15
(b) FefAf x = acosu, y = asinu, z = autanc % AT T 1 BT G0 fomres =R == 314
A
Find the radius of curvature and radius of torsion of the helix x =acosu,
5 y=asinu, z=dautandc. 1o
9 | P.T.O.
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(c)

(b)

y-34 ) e 9 afqun U Fu & yeileg f) 3R @ Fy 2, I8 F, y F1 UF YAedsE 19 99
B &1 9 F y=-—qdY y=a F 494 § FIH HAl 8, a9 I Aaaera T 2| Wiz TF

21 T < 27
NN

& F, T4 F, 9Ud [—a, a] 8 F & A4%aq 1@ a9 94 8| 37 iy 6 59 da6R | &1
AT Teish SEE W@ % TRED ft 3 30° 9% T Rl B, 99 T, 2n.jl/g 9

- ——

2nf1/g+Jn /3 % &= | @A g

A particle moving along the y-axis has an acceleration Fy towards the origin,
where F 1s a positive and even function of y. The periodic time, when the
particle vibrates between y=-a and y=aqa, 1s T. Show that

2T T < 27

VR Py

where F| and F, are the greatest and the least values of F within the range
[-a, a]. Further, show that when a simple pendulum of length [ oscillates
through 30° on either side of the vertical line, T lies between 2n./l/g and

2n\l/ g ,J"n: 13, 20

HIFA HHIFT

(2] oo 8] e
#1 fafem = Hife) fou gu srase wfmm # @ g@n @ g fif) of @0 oan e
gel 1 SATHAE ST Shiftg |

Obtain the singular solution of the differential equation

.. I .
(dy) [yJ catza—2(d‘y](g)+(yJ cosec 2o, = |
dx X cx 7\ X Cdx

Also find the complete primitive of the given differential equation. Give the
geometrical interpretations of the complete primitive and singular solution. 15

qaﬁfr%ﬁmuswm#%wmﬁmwﬁﬁwﬁm@fﬁnﬁg(m)ﬁaﬁ?%l
(30)

fag Fifsro fF 39 TR 1 9y F WF-Ui=ss B A FfaEy J@ S, e s=aia g9 1) <eEg,
(i) TEAd A (fif) ATTRIT &4 @1 2|
Prove that the path of a planet, which is moving so that its acceleration 1s

L
(distance)

1S a conic

always directed to a fixed point (star) and 1s equal to L

section. Find the conditions under which the path becomes (i) ellipse,
(ii) parabola and (i) hyperbola. 15
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(€ () <zm F sma vE # Fud fafae) @ owa W OF —4xi —2y% )+ 2%k ¥ R
x2+y2=4,z=03ﬁtz=3ﬂfﬁ){§ﬁmﬁmﬁml

(i) W T F IR §C e*dx +2ydy - dz 1 TH T FY, 57 C, 7% x2 +y? =4,

z=2%l

(1) State Gauss divergence theorem. Verify this theorem for
F =4xi —2y2_}'+ 2k, taken over the region bounded by x? +y2 =4, z=0
and z = 3. L&

(1) Evaluate by Stokes’ theorem §C e*dx +2ydy - dz, where C is the curve

w & ok

T

| SDF-U-MTH/10 11 205B—864
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