CS (Main) Exam, 201
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SDF-U-MTH

MATHEMATICS (PAPER-I)

[Time Allowed : Three Hours l 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

1. (a) nmﬁnf:[o, g}akﬁmw%,ﬁmﬁ

(b)

(c)

2
cos“ x T
X)=— 0<x<=
de 4x2 -2 2

f(g)wmamiﬂﬁm

Let f: [O, g:l — R be a continuous function such that

2
Ccos™ X mn
X) = ————, 0€Ssx< =
e 4x? g2 2

Find the value of f(EJ.
2 10

M 7 f: Dic R?) - R w %ed § 3 (a, e D. 3R f(x, y) 743 (a, b) W @ &, @
2ufs 7% % f(x, b) 3 fla, y) FW: x =a I y = b W Haq ¥

Let f : D(c R?) 5 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

71 76 7: R? - R? ws Y wfefem @, S0 &% T2, 1) =5, 7) @ T, 2) = @3, 3). W
A TE A4 e, e, F NG TF Ta JAE &, & A 9 FR 710 Hifvmg)

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

If A is the matrix corresponding to T with respect to the standard bases e, e,
then find Rank (A). 10
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(d) T

8 1 2 1 1
A=|1 -4 1| 3 B=({1 -1 0
3 0 -3 2 1 -1

3, @ 3uise % AB =61;. 30 9Rom #1 IW@EM W gu FEfafas wiem e S @

@ﬁm:
2x+y+z=5
x-y=0
2x+y-z=1
If
2 1 2 1 1
A=|1 -4 1| and B=|1 -1 O
3 0 -3 2 1 -1

then show that AB =6I;. Use this result to solve the following system of

equations :
2x+y+z=5
x-y=0
2x+y-z=1 10
(e) wwise %

x+1_y-3_z+2 i x _y-7_z+7

-3 2 1 1 -3 2

yfeadl Yard §) wfosde fag & fdwiel ofR 38 wwaw, fredt A Wil §, =1 wiww
@ Hifrg |

Show that the lines

x+1___y—3=z+2 and x_y=-7_z+7

-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. (a) Wf(x)=[cosx|+|sinx|,ngﬂtéﬂaﬁ:ﬂ'ﬂﬁ?Waﬂwmﬁ?,?ﬁf(x)?ﬂw

x=gvmﬁmlwmwm%,fﬁmmmmﬂﬁw

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

x= g If no, then give a proof of it.

(b) W% A 3R BEAH *ife F 3 @ifas 77qg € 991 det A +det B=0. gL 6 A+ B
gt (foqer) 2HTege 2

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

(¢ (i) A x+2y+3z=12 Fdws e N A, B, C ® wi=de = ?)1 Biys ABC %
TRg =1 FHI JTa i |

(@) fre Hifm B s7q@ z=0 MeF x2 +y% +2% =11 ¥ w9 wg, Few
2, 4, 1) W R, ! T guhig Afeaes ® vfosse ot 2|

(i) 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.

(i) Prove that the plane z=0 cuts the enveloping cone of the sphere
x? +y2+22 =11 which has the vertex at (2,4, 1) in a rectangular
hyperbola.

3. (@) % flx)=2x3 -9x? +12x +6 1 I [2, 3] W Afereran i 7w 7F I AR

Find the maximum and the minimum value of the function
f(x)=2x® -9x2 +12x+6 on the interval [2, 3].
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(b) g i s warvm: el fig | Raemw 12 +y? =2az W A Afiea ¢ 51 =
%, ifh atr fag o 27a(x? +y?)+8(a-2° =0 W @@ , @ W & st & @ @
e o @ §)

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

27a(x?® +y?)+8(a-2° =0

then two of the three normals coincide. 15
(c = fE
57 21
A 1 1 -81
2 8 B @
3 4 -3 1

(i) g A H Ff g Fif

(i) ITEmiE
X
4fal*2|_
V= (x].l Xa, X3, X4}ER A =0
X3
X4
#i fom I Hifr)
Let
5 7 2 1
i 1 1 -81
|28 50
34 -3 1
(i) Find the rank of matrix A.
i) Find the dimension of the subspace
X
-
V={(x;, x5, X3, x4)e R*|A| "2 |=0
*3
*a 15+5=20
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4. (a) ¥A-tice wg w1 A fafaw) @ wg w1 3@ =& A0 %1 Am Ja Hifsw, sw
100

A=[1 0 1

010

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

1 00
A=|1 0 1
D1 0 15
(b) Teig P& oA areht eiges
2 2 2
x_+y_+z_=]_
a® b? 2

#1 e sftan i & wa A AR g A % R 78 4PG, % @F B, 'l G5 W'
fag & &l PR orA areh arfireia shan xy-vet ® e &, @ PYm

2 2 2
To@c?-a?)+ L pc? -p?)+Z =0
a b ct
o R R
Find the length of the normal chord through a point P of the ellipsoid
2 2 2
x__ + _!J_ + _z_ — 1

a? b? c?
and prove that if it is equal to 4PG;, 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 2_ 2y, Y 2 222
— (2c® -a“)+=—(2c“ -b°)+— =0
aﬁ( ) b6( ) ct 15

fc) ({H ¥R

N SYEINSTE

u=sin" i
RYEIYE

3, @ awien ¥ sin2 u, xmym_émwﬁw%.mmﬁ

2 2 2 2
xga u+2xy8 u +y28 u _tanu E+tan u
ax? axdy ~ o9y? 12 (12 12
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méﬁm%mmma@m@ﬁmwm=l 3 f(0)=0%, @

1+x2

f(x)+f(y)=f[1"fxi;)

0 If
N EYETE

uUu=sin = |[——————
X112 4 y1/2

then show that sin? u is a homogeneous function of x and y of degree —é.

Hence show that

2 2 2 2
xga u+2xya u +y2a u _tanu(13 tan“u
ax? axdy - gy? 12 (12 12 35
(i) Using the Jacobian method, show that if f’(x) = —1—2 and f(0) =0, then
1+ %
X+
f0)+ =f( y]
1-xy 8
@vs—B / SECTION—B
5. (a) T9%d GHIEWT
(RQysin x + 3y* sin xcos x)dx - (4y3 cos?x +cosx)dy =0
%! g4 Hifsg)
Solve the differential equation
(Rysinx + Sy4 sin xcos x) dx — (4y3 cos?x +cosx)dy =0 10
(b) aHT FHIHW!
2
aY_4% +4y =3x2%e?* sin2x
dx?  dx
1 01 7 0 |
Determine the complete solution of the differential equation
2
d’y _4@ +4y =3x2%e?*sin2x
dx?  dx 10
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(c)

(d)

(e)

(@)

(b)

T il THEAH B8 AB %1 @ T o w41 &fas 53 AC, e v 98 9w (fin) & 3 9@
TR WEH Gl 8| BUE Cuh @ & R ¥ 99 95 o fig w §, @9
AC? - AB? = BC? ?1 3R &ftw W1 3 AB & f9 @1 i 6 }, @ Rig Fifsrg f6 o 1pries

C0t92 %I
2+cot“B
One end of a heavy uniform rod AB can slide along a rough horizontal rod AC,

to which it is 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 0 is the angle between AB and
cot®

2 +cot? 0

U 1 1 Jeell g SN A 3@ 0 % et F FE A gt F T F Yoragard B 1 T F,
et W geeft it wag W W R, wae | 3h S A yedt N waw W feen R | gwfye B geht H

meﬁmmmmm%hw%,ﬁﬁhqwﬁﬁﬁm%l

the horizontal line, then prove that the coefficient of friction is

The force of attraction of a particle by the earth is inversely proportional to the
square of its distance from the earth’s centre. A particle, whose weight on the
surface of the earth is W, falls to the surface of the earth from a height 3h
above it. Show that the magnitude of work done by the earth’s attraction force

is %hW, where h is the radius of the earth.

® x=t, y=t2, z=t3 F G (1, 1, 1) W ol-vm N Rw & we@ xy? +y2? +2¢2 W
feamens stawew 7@ Fif)

Find the directional derivative of the function xy? + yz2 + zx? along the tangent
to the curve x =t, y=t2, z=1t% at the point (1, 1, 1).

% fivg 0% Wig 3R 3% A2 hia & 9 ®) UF F uR 7w e % fran w1 e
a0 five o wy &fes 39 W w@ R, R seiien 39 1 v Fa @) gvige fE g
fftrpan J=mg, o fop aramaen R s @, V3 a )

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.

% C ¥ 91l @ F @ ofee 3w fifw, sw@l F = 2x+y?) +By-4x) ] AR C, fig
OOoAFGL)TFETH y=x> Fguam fig (1, ) A g 0, 0) 7 a& y? =x ¥ T
wfeifia &

Find the circulation of F round the curve C, where F =(2x+y2)f +[3y—4x]:j

and C is the curve y=x? from (0, 0) to (1, 1) and the curve y? = x from (1, 1) to
©, 0).
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fc) (i) aha Gfiw

2
d—2y+(33inx—cotx)% +2ysin2 x=e ©5%gin? x

F g HIR)

1
(i) t1/? o £1/2 1 SeeE w9 1 A g AR R ¢ 2 @ S W

I‘[n+1+l)
N 2)

n+1+1
s 2

e g, wiai ne N.

(i) Solve the differential equation

2
&y +(35inx—cotx)-d—y +2ysin? x = e ¥ sin? x
dx? dx 10

(i) Find the Laplace transforms of t™*/2 and t1/2_ Prove that the Laplace
1

n+=
transform of t 2, where ne N, is

I‘(n+1+l)
N 2)
n+1+l

s 2 10

7. (@) THEW x2y” —2xy’+2y=x>sinx % WA WA EEHE FHHO B WH EWAA T
frfere 3t wa fi o w1 - T faft g wme g P
Find the linearly independent solutions of the corresponding homogeneous
differential equation of the equation x2y” -2xy’ +2y = x3 sin x and then find

the general solution of the given equation by the method of variation of
parameters. 15

(b) FefeH x = acosu, y =asinuy, z = aqutano, % e awa H Bsa g fawea H F=n Tm
i |

Find the radius of curvature and radius of torsion of the helix x =acosy,
y=asinu, z=autanao. 15

SDF-U-MTH/10 9 | B.T.O.



(c)

(a)

(b)

y-3& = fam § Tiaae T w0 6 gerfag AR @R/ Fy B, §E@ F, y F1 T YA GF 899
W%lﬁﬁﬂy:—aﬂy:a%aﬁaﬂaﬁqqm%,aamaﬁﬁma T ) 3urige f

<T<——

T
w8l Fy @ F, WE [-a, a]# F % 3Aftaq 1d a9 7 &1 0 9ise f6 5@ 7o (/1 &

W dias SR W % Gl oft o 30° 9% e W R, @@ T, 2n,/l/g a0

2n\J1/gJn /3 % = & @@ ?)

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

2—ﬂ<T< 2n
TR

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 2mn./l/g and

2n,f1/g+/n /3.

Aol GHTHI

2 2 2
(@) (E) cot? o — z[dy)(y) +(E) cosec?a =1
dx) \x dxJ\ x x
=1 fafea za wm Aifsig) fw gu srawe wfiem # @@ ot w9 i) gof gdn qon fife
&4 I ST =Ame Fife)
Obtain the singular solution of the differential equation

21 oo e

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

qasnﬁmmuamamm%%m% 3R o A R v o @R fag (aw) R R

firg e 7 39 = 1 99 & wig-Ii=ae ¥ A wiEy A i, R sl gy (6) degm,
(i) Taer 3R (i) SAfoREe™ o @

Prove that the path of a planet, which is moving so that its acceleration is
U

always directed to a fixed point (star) and is equal to
) (distance

3 is a conic

section. Find the conditions under which the path becomes (i) ellipse,
(i) parabola and (iii) hyperbola.
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(€) () mzw % swww W F FA fafaw) T oW B OF =4xi-2y2 )+ 2%k ¥ R
x?+y? =4, =0 3R z=3 ¥ TR g &7 & wefm Hifv

(i) W\ Y F g0 fc e*dx +2ydy - dz %1 WH ¥4 HIY, 5&f C, 9% x2 +y? =4,

z=2%|

(i) State Gauss divergence theorem. Verify this theorem for
sy ~ ~ -~ .
F =4xi -2y?j+ 2%k, taken over the region bounded by x? +y2 =4, 2=0 .
and z=3. 15

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

x2+y2=4,z=2. 5
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