CS (Main) Exam, 2013

MATHEMATICS (Paper I)
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QUESTION PAPER SPECIFIC INSTRUCTIONS
Please read each of the following instructions carefully before attempting questions.

There are EIGHT questions divided into two SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

Question No. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE 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 medium other than the authorized one.

Assume suitable data, if considered necessary, and indicate the same clearly.

Uniess and otherwise indicated, symbols and notations carry their usual standard meaning.

Attempts of questions shall be counted in chronological 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 answer book must be clearly struck off,

1 a-brl-m-nbua



1.(a)

1.(b)
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i.(e)
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2.(c)®)
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3.(a)

3.(b)
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4.(a)

4.(b)

4.(c)
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S.(b)
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6.(c)
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7.(b)

7.(c)

8.(a)

8.(b)

8.(c)

8.(d)

1.(a)

L.(b)

1.(c)
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SECTION ¢A’

Answer all the questions :

Find the inverse of the matrix -

- R
A=|2 -1 7
32 -1

by using elementary row operations. Hence solve the System of linear equations
X+3y+z=10
2x -y+77=21
3x+2y—7z= 4 10

Let A be a square matrix and A* be its adjoint, show that the eigenvalues of
mairices AA* and A*A are real. Further show that trace (AA*) = trace (4*A).

10
Evaluate [ (2x sin 1 - cos L. 10

i
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1.(d) Find the equation of the plane which passes through the points (0, 1, 1) and
(2, 0, -1), and is parallel to the line joining the points (-1, 1, -2), (3, -2, 4).
Find also the distance between the line and the plane. 10

i.(e) A sphere § has points (0, 1, 0), (3, -5, 2) at opposite ends of a diameter. Find
the equation of the sphere having the intersection of the sphere S with the plane
Sx—2y+4z+7=0 as a great circle. 10

2.(a)(i) Let P, denote the vector space of all real polynomials of degree atmost n and
T': P,— P; be a linear transformation given by

T(p(x)) = fgp (2)dr, p(X)E P,.
Find the matrix of T with respect to the bases {1, X xz} and {1, x 1+x2, 1+ x3}
of P, and P; respectively. Also, find the null space of T. 10

2.(a)(ii)) Let V be an n-dimensional vector space and T:V — V be an invertible linear
operator. If B={X, X,, ..., X, } isabasis of V, show that B = 15X, 1Ky, s T8, }

is also a basis of V. 8
1 1 1
2.(b)(i) Let A=|1 w? @ |where w(1)is a cube root of unity. If A;, 1,, A5 denote
1 o w? '
the eigenvalues of A% show that |A,]+|4,|+[A;|<9. 8

2.(b)(ii) Find the rank of the matrix

[u—y

[1 2 4 57
3 8
5

8 12 17 23

2
A=|3
5
8 12 17 23 30 8

2.(c)@ Let A be a Hermetian matrix having all distinct eigenvalues A, A,, ..., 4,. If
Xi» X35 ..., X, are corresponding eigenvectors then show that the n x n matrix C
whose k™ column consists of the vector X, is non singular. 8

2(c)(ii) Show that the vectors X, = (1, 1+i, i), X, =0, —i, 1-D) and X, = (0, 1-2i, 2—i) in C°
- are linearly independent over the field of real numbers but are linearly dependent

over the field of complex numbers. 8

3.(a) Using Lagrange’s multiplier method, find the shortest distance between the line
i xE qE

y = 10 -2x and the ellipse —4—-+?=1. 20
a-brl-m-nbua 6



3.(b)

3.(c)

4.(a)

4.(b)

5.(b)

5.(c)

5.(d)

S{e)

Compute S (©, 0) and Jox (0, 0) for the function

% 0,0
A )=iziy (=9)20.0

0, (xy)=(0,0).
Also, discuss the continuity of fxy and -’;x at (0, 0). 15
Evaluate [[xy dA, where D is the region bounded by the line y = x— 1 and the
D

parabola y2 = 2x + 6. 15
Show that three mutually perpendicular tangent lines can be drawn to the sphere
2432+ 2222 from any point on the sphere 2% +32 4 22) = 352, 15

A cone has for itg guiding curve the circle 2 +¥2 4 2ax +2by =0, ;=g and
passes through a fixed point (0, 0, ¢). If the section of the cone by the plane y =
is a rectangular hyperbola, prove that the vertex lies on the tixed circle
x3+y2+22+2ax+2by==0 _
2ax +2by + ¢z = Q, 15
A variable generator meets two generators of the System through the extremities
B and B of the Minor axis of the principal elliptic section of the hyperboloid

Z 2 2 7
%-:—-Z—g~z2c2=1 in P and P'. Prove thatBP-BP=a2+cz. 20
a

SECTION ‘B’

Answer all the questions ;

) i : d 2 oyl
¥ 18 a function of x, such that the differential coefficient -d% 1s equal to

COS(x +y) + sin(x + ¥)- Find out a relation between x and Y, which is free from any
derivative/ differential, 16

Obtain the equation of the orthogonal trajectory of the family of curves
Iepresented by r” = 4 sin 18, (; 6) being the Plane polar coordinates. 10

A body is performing S.HM. in a straight line OPQ. Its velocity is zero at points

Show that the curve

=2 Y.
?(t):ti +(1—f—zJj +(1 J )k lies in a plane, 10
t ?
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6.(a)

6.(b)

6.(c)

6.(d)

7.(a)

7.(b)

7.(¢c)

8.(a)

8.(b)

. 8.(c)

8.(d)

Solve the differential equation

(5% + 12x% + 6y%)dx + 6xydy = 0. . 10
Using the method of variation of parameters, solve the differential equation
2
%+a2y=secax. 10
Find the general solution of the equation
2
xz-d—z-%-xﬂ+y=lnxsin(lnx). 15
2" dx

By using Laplace transform method, solve the differential equation
. I e oy
(DZ +n2)x =a sin(nt + @), D?= —L—i—? subject to the initial conditions
t

x =0 and % =0, at £ = 0, in which g, » and o are constanis. 15

A particle of mass 2-5 kg hangs at the end of a string, 0-9 m long, the other end
of which is attached to a fixed point. The particle is projected horizontally with
a velocity 8 m/sec. Find the velocity of the particle and tension in the string when
the string is (i) horizontal (ii) vertically upward. 20
A uniform ladder rests at an angle of 45° with the horizontal with its upper
extremity against a rough vertical wall and its lower extremity on the ground. If
M and p’ are the coefficients of limiting friction between the ladder and the
ground and wall respectively, then find the minimum horizontal force required o
move the lower end of the ladder towards the wall. ; 15

Six equal rods AB, BC, CD, DE, EF and FA are each of weight W and are freely
jointed at their extremities so as to form a hexagon; the rod AB is fixed in a
horizontal position and the middle points of AB and DE are joined by a string.
Find the tension in the string. 15

Calculate v? (r") and find its expression in terms of r and n, r being the distance

of any point (x, y, z) from the origin, n being a constant and V> being the Laplace
operator. 10

A curve in space is defined by the vector equation 7 =727 +2¢ j— 13k . Determine
the angle between the tangents to this curve at the points #=+1 and f=—1. 10
By using Divergence Theorem of Gauss, evaluate the surface integral

1
ﬂ(a%cz +b%y? +c2z2) * dS, where S is the surface of the ellipsoid
ax’* +by*+czt=1, a, b and ¢ being all positive constants. 15

Use Stokes’ theorem to evaluate the line integral | C(—- y3dx+ x3dy - z3dz), where

C is the intersection of the cylinder x> +)?=1 and the plane x+y+z=1. 15

a-bri-m-nbua 8
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Question Paper Specific Instructions

Please read each of the following instructions carefully before attempting questions :

There are EIGHT questions divided in TWO SECTIONS and prmted both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

‘Questions no. I and 5 are compulsory and out of the remaining, THREE are to be attempted

choosing at least ONE from each section.
The number of marks carried by e question/part is indicated against it.

" Answers must be written in the medium authorized in the Admission C‘ertiﬁcate 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 authorizéd one.

Assume suitable data, if considered gecessary, and indicate the same clearly.
Unless and otherwise indicated, symbols and notations carry their usual standard meaning.

Attempts of questions shall be counted in chronological order. U nless 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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. SECTION A

Ql. Tt wwE ¥ I G ;
Answer all the questions : . ; 10 x5=50

(a) U |ew RS A 7 iR, I fF Vaw W iiede & 99 8, 98 fR V
. UH xy 99 & 9O W AR (1, 2, 3) a9 @few (1, -1, 1)%3am6rﬁa1’%h‘m
wm(ﬁa)%r

Find one vector in R® which generates the intersection of V and W,

where V is the xy plane and W is the space generated by the vectors
(1,2,3)and (1, -1, 1). 10

(b) mﬁmwmﬁmmm 3TE ( ﬂﬁiﬂ?)

[0 1 -3 -1]
0 0 1 1
3 1 0 2
11 -2 0
£ % 77 BT |
Using eleméntary row or column operations, find the rank of the matrix 10
0 1 -3 -1
0 0 1 1
3 1 0 2 I
11 -2 0 |

(c) ﬁﬁ:ﬁﬁqﬁﬁ e“cosx+1= O%ﬁ?ﬁ%ﬂ’:‘-‘ﬁﬁ%ﬁﬁe smx+1 0
aﬂ@aﬁﬁmn@@a%l

Prove that between two real roots of e* cos x + 1 = 0, a real root of
e*sinx+1=0 lies.. 10

C-DRN-N-OBUA . 2
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Q2.

C-DRN-N-OBUA - 3

@

(e)

(a)

(b)

oo I
. .
jloge(lzx)dx_
1+x°
Evaluate : , o o | 10
1 : : ' B
J‘ Ioge(l-znc)dX '
1+x° .

vﬂmﬁﬁm%wmﬁ x+y+2z=0 313? yz+zx+xy 0 W

mvﬁﬂ('ﬁa)‘(@aﬁﬁmél

Examine whether the plane x +y + z =0 cuts the cone yz + zx + Xy = 0

Al

in perpendicular lines. : ‘ | ‘ 10

T i 5 v W e swemted € R4
‘-={(abcd)-b-2c;d=0}aﬂt'
[(abcd)a d, b = 2¢}. _
(1)V(11)W(n1)VnW¢IQEBaﬂ%IR3ﬂ'(ﬁWR$1ﬁWI

Let V and W.'be the following subspaces of R?:
={(a,b,c,d): b-2c+d=0}and
W=((ab,c,d:a=db=2c |
Find a basis and the dimension of (i) V, (i) W, (iii) V N W. - 15

) xwp%msﬁaﬁﬁmmﬁ:muyn—sx+2y+3z—10
x + 2y + Az = w1 (1) P 791 T B, (2)@34%#12!36% (3) emaffim
TR

| Investigaté the values of A and p so that the equations x + y + z = 6,
X + 2y + 32 = 10, x + 2y + Az = p have (1) no solution, (2} a unique |
solution, (3) an infinite number of solutions." R 10



Q3.

(c)

| (a)

(b)

(c)

o n |
(i) R A= L 3} %%Q%‘T %ﬁ—auﬂawﬁﬁﬁﬁqaﬁtm

TAHT YA T I | @ &, A - 4A? - 7A3+ 11A2 - A - 101 %
g felia srreyg oft ya hifvg | |

2 3
hence find its inverse. Also, find the matrix represented by

AS_4A%_7A3 4 1142 A-101L

_ o : 1 4
. Verify Cayley — Hamilton theorem for the matrix A = [ _ J and

TR x +y = uy quWW@Q,WW”{xy(I X — y)}l‘,zdxdyr
H A T@E x=0, y=0 TN x+y=1 %mméﬁmw

Hf |

By using the transformation x + y = u, y = uv, evaluate the integral

_[ _[ xy (1 -x - y)}lf2 dx dy taken over the area enclosed by the straight '

lines x=0, y=0 and x+y=1.

@@wmeamaﬁmmzﬁmsﬁ%aﬁwerﬁee

+fiaT 31 Wb |

Find the height of the cylinder of maximum volume that can be
inscribed in a sphere of radius a.

ax> +by? + cz% = 1 a4 lx+my+nz—0 % g WfeEfya  x2 +y +zza€

 sTfeeam I freraw wH w i mﬁmaﬁrwﬁ?ﬁawrﬁﬁm

Find the max1mum or mmlmum values of x> + y + 72 subject to the

| conditions ax? + by? + cz =1 and /x+my+nz=0. Interpret the result -

geometrically.
. -2 2 -3 ‘
O TR A=| 2 1 -6 | A% N AH o e
o122 0 B |
 fewt =t m Hif | .
-2 2 -3
Let A={ 2 1 -6 |. Find the eigen values of A and the
-1 -2 0 | | |

corresponding eigen vectors.

(ii) ﬁaﬁﬁq%mm%mwaﬁrﬁﬁam 183 |

Prove that the eigen Values of a umtary matrix have absolute
value 1. :

C-DRN-N-OBUA S y
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Q4.

(a)

(b)

(e

"%l

1) Th?ﬁx2+y2+zz 4x+2y 4%%@@%%@%%%’8@3
oosfi auael, ¥ad 2x—y+2z=1 HFEHW E |

Find the co ordmates of the points on the sphere

eyl r 2 —dx+ 2y = 4, the tangent planes at which are parallel
to the plane 2x ~y + 2z = 1. .

(i) fag Hife fF fiew ax2+by2+'cz2+2ux+2vy'+2wz+d=0 Uh

v2

-wﬁsﬁam% ufe _+F+_'_d gl

Prove that the equation ax? + by2 + ¢z + 2ux + 2vy + owz + d = 0,
. w2 v¥ o ow? o l

represents a cone if — + — + — =d.
: a b ¢ :

@i B wm (e d @ @ Y, @ aEm v

ax® + by? + cz% = 1 % ®HAA Ix + my + nz = p ¥ Vo= faga W

2 .2 2 : \2
am’lémw% TF p ( +X—+3_}‘_[Z—X+EZ+E] T I A
b ¢ a b ¢ | ‘

10

10

Show that the linés drawn from the origin parallel to the normals to the |

central conicoid ax? + by2 +cz% = 1, at its points of intersection W1th the

plane Ix + my + nz = p generate the cone
2 2 2 2
I RS N _(ZX+H+EJ _
la b ¢ a b ¢
2 .2

aﬁwma%:waaz_o%gmg@aﬁqmam—+i =1,2=0 %
@?ﬁlﬂ(acose bsin 8, 0) H-8 q TF @Al & g 3@ Hifsw |

Find the equations of the two .generatlng lines through any point

2 2

(a cos 6, b sin 6, 0), of the principal elliptic section X oY - 1, z=0, of

a? b2
the hyperboloid by the plane z = 0. -

C-DRN-N-OBUA 5
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SECTION B

Q5'.' 7Y 9 % IW G

Answer all the questions :

(a)

BR0))

(c)

B’%HBBTFS'Q%
[y + x flx2 + y2)] dx + [y f(x* +y2) x] dy =0
#I Wifq staee gefie W@l fe fAx? +y2) (x? +y2) mw@ww%

@meqﬁ%wm 2 Q%Wﬁuﬁ%l
X +y

ST 39 ST THHEW Y 2 + y2) = (2 + y2)? % fog gt i |

Justify that a differential equation of the form:
by +x & + y2 dx + [y f=® + y*) —x] dy = 0,
where fx? + y2) is an arbitrary function of (x2 '+ yz), is not an exact

differential equation and

is an integrating factor for it. Hence
x2 + y? —

solve this differential equation for f(x? + yz) (x% + yz)z

‘agaﬁmﬁﬁqﬁu%ﬁ—rqﬁawﬁmmsﬁmﬁmmgm% wqefi

forg w fgufom &1

Find the curve for which the part of the tangent cut-off by the axes is
bisected at the point of ‘tangency.

Th Y Teh o A& T (S.H.M.), %Olﬁohlmi'eh EIERET)) T-31121T=r-

a % T SR T T & T Ag U g P & T B, g fF OP = b, OP
fem & |mﬁm%w§mmwmpmwﬁm%

,%cos ()%l

A particle is performing a simple harmonic motion (S.H.M.) of period T

about a centre O with amplitude a and it passes through a point P, |

where OP = b in the direction OP. Prove that the time which elapses

before it returns to P is T ccqs;1 (E] o

C-DRN-N-OBUA ‘ 6
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et e Tar T 0 areRem

- 1
et

- (d)

.(e).

QG (a)
P
(c) -

awm‘q‘gmwm,mmé, AW IH &9 & 92 § qon B

r % foe fiag St ga w % § 1 3 <= & fi9 #iv 20 ], @ @
FH forgia & SR & £, r a0 we g Hif | |
Two equal uniform rods AB and AC, each of length /, are freely Jomted
at' A and rest on a smooth fixed vertical circle of radius r. If 26 is the
angle between the rods, then find the relation between I, r and 9, by
using the principle of virtual work.
ke F(t)=tcosti +tsint ], o<t<2n%%sﬁaﬁﬁ§mamnﬁm

T1a Fifrg | e gfmmo o saRy |
Find the curvature vector at any point of the curve '
F(t)=tcosti +tsint 3‘\, 0<t<2n
Give its magnitude also.
e % famo ) fafy & g ga $ifde

-9y =8 :
= y in x |
Solve by the method of variation of parameters :
oy
—hy =
 x y =sinx
CCC] wﬁw T hINT ;
3 2
3 d%y o d“y dy
dx3 +3x‘ dx2 Y 4 xa;+ 8y = 65 cos (log, x)

Solve the differential. equaﬁon :

. 3 ‘ .

x5 flxg +3x2 gxz +x%+8y 65oos(logex) ‘

Wi & THT & R e HIfd

I(ydx+zdy+xdz) '

SRl Fash 8 x2+y2+2z2-2ax—2ay=0,x+y=2a, 9 f& (23,0,0) ¥ T&

Evaluate by Stokes’ theorem
: I (yd.x+zdy+xdz)

-wherel‘lsthecurveglvenbyx +y2+z — 2ax — 2ay = 0x+y 23

starting from (2a, 0, 0) and then going below the z-plane.

C-DRN N-OBUA: ' 7
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Q7.

Qs.

(a)

(b)

(©)

(a)

| ﬁmﬁf@ﬁwmwlﬁﬁn:

2
'Xi——Z(x+1) y+(x+2)y (x — QeX

Tafeh X FHeh TG THGTH HFIHS FHIHT N TH T ¢ |
Solve the following differential equation :

d%y
-————2( +1)———+(x+2)y (x —2)e?®
dx? :

when e* is a solution to its corr95ponding homogeneous differential
equation.

Wmﬂ@ﬂﬁﬁ@ﬁfﬂtﬁ@@ﬂﬁgﬁ@gﬁaﬁﬂm-

(7 g areft) | oo A S @ e gon 7, B T Afas e fean s
2 S o6 3@t 9 2/l TGH Q1 R | HU H A7 91 5 S Aed g A
qE JRI T & TR 8 IGH! S8 71 I | '

15

A particle of mass m, hanging vertically from a fixed point by a light

inextensible cord of length I, is struck by a horizontal blow which
imparts to it a velocity 2@ . Find the velocity and height of the particle
from the level of its initial position when the cord becomes slack.

. T W vagd (WeR $eFF) ABCDE STt W THaHH T8l I Sgeht ST

3T &, i A B WeH W € 901 BC W DE % wen frgedl i gt 3¢ 0%

_'Sﬁﬁ%%masamﬁwﬂaatﬁaﬁé | 39 B8 ¥ yidad @ FIR |

A regular pentagon ABCDE, formed of equal heavy uniform bars JOlntEd
together, is suspended from the joint A, and is maintained in form by a
light rod joining the middle points of BC and DE. Find the stress in thlS
rod .

FITﬁEF(WM(x,y)dx+N(xy)dy o%%qwhmﬁmﬁﬁqm%
IHT THTHTH VTS, (x+y)wwaawamﬁmwww@mv
AU AFTHA FHHWT (x2 + xy) dx + (y2 + xy) dy = 0 T A Uh AT
=hifory st et Hifer |

Find the sufficient condition for the differential equation
M(x, y) dx + N(x, y) dy = O to have an integrating factor as a function of
(x + y). What will be the integrating factor in that case ? Hence find the
integrating factor for the differential equation

(X2 +xy)dx + (y2 + xy) dy = 0, |

and solve it. °

C-DRN-N.-OBUA 8
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(b) T FO W y-31& % GHR Th g9 AN AT 3, RiEH @@ (Hed x-HE H
M) yy 22 AN T y=a %,aax-a&%ésmén@ﬁmﬁa% k2
& Y 1 Yraferes gHfieor e AT | T 1T T | .

A particle is acted on by a force parallel to the axis of y whose
acceleration (always towards the axis of x) is py‘z and when y = a, it is

projected parallel to the axis of x with velocity ,,2—“ Find the
a

parametric equation of the path of the particle. Here p is a constant. 15

(¢) YRS HW g9

d2y
— +y=8 eZsint, y(0)=0, y(0) =0
dt

] ATCATE-FUTER & T4 § 5 Fif |

Solve the initial value problem

42
—g +y=8e%sint, y(0)=0, y(0) =0
dt .

by using Laplace-transform. 20

C-DRN-N-OBUA 9
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CS (IVhin) Exam:2015
G-AVZ-O-NBUA
TIT
l
MATHEMATICS
Paper—I
PrviFfrr W #=r wi 3ff&Fm 3T¥ : 250
Time Allowed: Three Hours Maximum Marks : 250
% frftr sfi&t

fim jm f ~ 3r7TPn=rf"m Xcfcz wftvr # y/Hg«f+ :
&Z 8) wt $ *1 it wrsf  fitrifd $ mr f&ft$h mfrft ifif $ wt it
vfifflff # ﬁd wfF £ \II7T ~  #1

jot x 1 3ftr 5 yfowf i mr wi¥t # # # wr-i-*m w _zft jmrr f~f rffr
spff £ zm

Xfa> WFT/'m £ 3f¥ far tjt f /

STR# £ 3W [cT# W$ WH#A fim>T JF&W 3fN$ THW-W # ~77 W # 3fk fff
Wsw w ?w wyvw-w-zm: (*%.&%.) yf&mi $ jw -to 2t 3"t it few
WFTT WI%m jirc?/&<? T&PT $ tiRtft'ffi 3FU M~ Wtm $ fcw W SWT TT 3R? A |
z# giRfid &f $ siVi&f m w f mr foffw tftftnri

m Zmf&i n it, wdw mr mmcff w™m mf # jtjw #/

mt' £ swtf 2~ mm mi$m ¥f wrfti vit mzi *itit, tit wm $ vm ¥fmm & wwff
wE $&zm mm: few mr wti wrr-w-zm yf&vr # mft ®erfsr mMWEm # 2w
wv # tot mm wfeqi

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. | and 5 are compulsory and out of the remaining, THREE are to be attempted choosing at
least ONEfrom 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 meaning.

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 ofthe page left blank in the Question-cum-Answer
Booklet must be clearly struck off.
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3 sl
SECTION—A
Q. 1(a) fti* in? V, « (1, 1, 2, 4), V2 - (2, -1, -5, 2), V3 - (1, -1, -4, 0) cwr
va= (2,1, 1, 6)tfti+a : FRfa #i M VS -Mt ? Atre % wo $F WH i
The vectors Vj - (1, 1, 2, 4), V2 - (2, -l, -5, 2), V3 = (1, -1, -4, 0) and
V4 = (2, 1, 1,6) are linearly independent. Is it true ? Justify your answer. 10
Q. 1(b) PIHfcHfed 3 WftcT IT dr*M I fAIfCR
"2 3 4"
2 14 5
15 5 7-
8 1 14 17

Reduce the following matrix to row echelon form and hence find its rank :

"l 2 3 4
2 14 5
15 5 7
8 1 14 17

10

Q. 1(c) frRfeffefl tffaT  *TR fATicR :

2NN

Evaluate the following limit:

10
Q. 1(d) PIHIelfifltf HHWiA = 7IPT

Vsinx
Vsinx + Vcosx

Evaluate the following integral:

Ik

Vsinx
10

%-&PZ-0-tf35r&i 5



IV. CAREERINDIA

Qle a ~ ERTM £ ax - 2y +z+ 12 =0 "R
XR+\R2+2-2X-dy+22-3=0 Fef TOTt I FTX TO t
For what positive valle of a, the plane ax - 2y + z + 12 = 0 touches the sphere
X+Yy2+72- 2X - dy +2z- 3=0and hence find the point of contact. 10
100
Q2 it 3T A=10 1 ga3nc* ad to tffair
010
100
Ifretrix A= 1 0 1 then find A 12
010
Q2b ™ OwatKzz N ~ RIT %l tz $ IR T2, dt

3TOR TT 3TJTO |
Aconical tertt is of given capecity. For the least amount of Canves required, for it, find
the ratio of its height to the radius of its bese. 3
Q 2 PmidfiNd I % FPHT T v2 ITH TO

1 1 3¢
1 51
311

Find the eigen values and eigen vectars of the atrix :

113
151
311

Q2d 5z - 8x--3Xy=0 visin SEo A v AN WY
Bx=3y=2zit, <a 3 it [
If 6x = 3y =2z represents are of the three mutually perpendicular generators of the cone
Byt *82x - 3xy = 0 then dbtain the equations of the other two generatars. 13

Q3 VRRBIAOTeAVMdT afAV* 11 nft
T(ap " a3 = (29) + 59) + a8, -3at +% - a3 -a, + 282+ 3D

Nitt 11 era 3nar<
V=(Ir0) W=(121) W=@-1)

3MF T to i

QEZX>-$& &1

+w



IV' CAREERINDIA

Let V =R3 and T € A(V), for all a}e A(V), be defined by
T(ap a™ a3) = (2a{+ 5~ +~ . 3sy + % - a3, -aj + 2a2 + 3aj

What is the matrix T relative to the basis

V,- (101 V2= (-1, 21 v3- 3,-1, 1) 7? 12

Q. 3(b) X2+y2+22—-1 T (2, 1,3)" 3Fg<tH Pl
Which point of the sphere x2 + y2 + z2 = 1 is at the maximum distance from the point

2, 13?2 13

Q. 3(c) (i) Wrier fr+IfcTi' 2,3 )~ (4, -5 3)% t T

x-m $ wArrr 11

Obtain the equation of the plane passing through the points (2, 3,1) and (4, -5, 3)

parallel to x-axis. 6
(i) finite
Xx~a+d_y-a_z-a-d X-b+c=y~b=z-b-c
a-8 a a+5 P~Y P P+Y

11~ ft, A NefcT
ftw 11

Verify if the lines :

x-a+d_y-a z-a-d X-b+c_y-b_z-b-c
a-5 a a+5 atC P-~Y P P+Y
are coplanar. If yes, then find the equation of the plane in which theylie. 7
Q. 3(d) fAT SHPficH N

\]\] (x-y)2c0s2(x +y)dxdy
R

t, Ittf wawr (71 0) (271, 7) (7L, 271) (0, 7I) t !

Evaluate the integral

J\] (X - y)2cos2(x +y) dx dy
R

where R is the rhombus with successive vertices as (n, 0) (22, 70) (71, 27t)(0, 7t). 12

V-PTPZ-'O-'&Bxm
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Q. 4(a)

Q. 4(b)

Q. 4(c)

Q. 4(d)

IV' CAREERINDIA

PIHfrftekl JIFT Rf~rfefg

/1V1ly-xT7] dxdy
WT R=1-1,1;0, 2]

Evaluate 1i VIy-"21dxdy
R

where R = [-1, 1; 0, 2]. 13
R4t fAn -m *rg"RT

{(1, 0,00), (0,10, 0), (1, 2 0, 1,(0,0,0, D}
STT fAnfer 11 ?TcwWA m iK

Find thedimension of the subspace of R4, spanned by the set

{(1, 0,0,0),(,100), (1,20, 1,(0,0,0, D}
Hence find its basis. 12
X2 +y2=2z " NRIET FRPTET
X=0 A'MI?L R OT fWRT T Jasi neft f |

Two perpendicular tangent planes to the paraboloid x2 + y2 = 2z intersect in a straight line

in the plane x = 0. Obtain the curve to which this straight line touches. 13
it TifeFT
X2-x-Jy > ) *(0, 0)
0, O
f(x, y)= X *y >
0 x, ¥)=(0, 0)

N AT FRTeir 3T epfteT
For the function

XZ-ZX'/y » (X, y)*(0, 0)
f(x, y)= Xty

0 x, y)=(0, 0)

Examine the continuity and differentiability. 12

+a



Q. 5(a)

Q. 5(b)

Q. 5(c)

Q. 5(d)

Q. 5(e)

V-&r°z~0-72£8?&t

IV' CAREERINDIA

SECTION—B

PIHIFIftRT 3TAKT MWTTW ~  FeT
XCOSX— +Yy(xsinx +cosx) = 1.
dx
Solve the differential equation :
dy
XCOSX~= +¥(xsmx +cosx) = 1. 10
dx
PIHfclfad 3T~cT FcT

(2xydey + 2xy3 + y)dx + (XV”y - x2y2 - 3x)dy = 0.

Solve the differential equation :

(2xydey + 2xy3 + y)dx + (x2) N - x2y2- 3x)dy = 0. 10

A AT 3T~ (WFT/QJT.) ~  TFT t, 3MFT ‘a’ ”~ 3|ckf+ld “J* f |
2

A TTIST faieT $ -a ” 9T fcT"m JIT O8F, ~ 3TR?jwr

T ~cfT «@rg, N » TO 3VHT TIRIT MfAT
A body moving under SHM has an amplitude ‘a’ and time period *T\ If the velocity is

trebled, when the distance from mean position is ga >the period being unaltered, find

the new amplitude. 10
8 kg MIT ~ Nfsrr T A M  HK wt A "TT WATPT 11 A
M I i"\ % "RT* % b TR, 3;sf T w ~ ~ $

wzm *rrcw w11 Tuft A i
A rod of 8 kg is movable in a vertical plane about a hinge at one end, another end

is fastened a weight equal to half of the rod, this end is fastened by a string of

length / to a point at a height b above the hinge vertically. Obtain the tension in the string.

10
AT mE\ X2+y2+22- 9=0 *FIMz=x2+y2- 3 $ fr8 (2,-1,2)"
or I
Find the angle between the surfaces x2 + y2 + z2- 9 =0and z = x2 + y2 - 3 at
(21_11 2) 10

+o
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Q. 6(a)

Q. 6(b)

Q. 6(c)

Q. 6(d)

Q. 7(a)

Tj-znKZ-0-rtSr&t

IV' CAREERINDIA

X +y)af T (4x2 + 2xy + 6y)dx + (2x2+ 9y + 3x)dy =0  ti'Hi”cn
t °ft VAN | deMSHIt™ 37¢cT  tl4W*°l FT ST fAhlfal' 1

Find the constant a so that (x + y)a is the Integrating factor of
(4x2 + 2xy + 6y)dx + (2x2 + 9y + 3x)dy = 0 and hence solve the differential equation.

12

Awrm *nr A AN mo 4 kg, $ wr Ni<m
M fl fat AN PRTT Asftrr yJTTA A | $

60° I 1 APTT $ ScT W#

>t <fon Anr

Two equal ladders of weight 4 kg each are placed so as to lean at A against each other
with their ends resting on a rough floor, given the coefficient of friction is |i. The ladders
at A make an angle 60° with each other. Find what weight on the top would cause them

to slip. 13
gft ~ "5 Xx2- nyz = (X + 2)x 4xN+ z23=4(1,-1,2)TIT
ef XM n PHfcIHI
Find the value of X and ji so that the surfaces Xx2 - pyz =(X+ 2)x and 4x2y + z3 =4
may intersect orthogonally at (1, -1, 2). 12
N 13r7fa, 3% M?wt; ‘a’
t Nrro 11 N arrrm W higjr- MfAr

A mass starts from rest at a distance ‘a’ from the centre of forcewhich attractsinversely

as the distance. Find the time of arriving at the centre. 13

() ftHfctf&d  dMIfl fAT WMX STRT AFAT

S

"5
T *? ) s2+25
(i) ciiKiiti ~HIcK "STHT Pl*-ifeiRaa
y'+y=1ty0) =1y(0)=-2

% frrferm

(i) -Obtain Laplace Inverse transform of

(i) Using Laplace transform, solve
y"+y=1ty0) =1y - -2 6+6=12

7
+
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Q. 7(b) X ~ul ~ N 3TER A fAT «ld t, PRTY WTAHT 2
HSf fTTT R ¥F§ t fAT/Ar 32%ffa t ?Fg N NogT dx MMt
$ 3MOIC *TT A t ATHTMT t |~ A AT 3fsftM AT 30° 2 h
2, <t N Mt %r u ™ fAsrfr MEAT

Q. 7(c)

Q. 7(d)

Q. 8(a)

Q. 8(b)

A particle is projected from the base of a hill whose slope is that of a right circular cone,
whose axis is vertical. The projectile grazes the vertex and strikes the hill again at a point
on the base. If the semivertical angle of the cone is 30°, h is height, determine the initial
velocity u of the projection and its angle of projection. 13

F = (x2+xy2i + (y2+ x2)j
N feTw | *<7Tid W Sfa F AN \m: W AMIAT |

A vector field is given by
F=(x2+xy2)i + (y2+x2)j

Verify that the field F is irrotational or not. Find the scalar potential. 12

X =py - p2

Al Set PINNfetU, 35T p:\év
X

Solve the differential equation

C wh dy

x—PY~Pwerep—a;(. 13

miii to v fAr frfar farfr w A
Nt t, N farfr £ 3 i
Find the length of an endless chain which will hang over a circular pulley of radius ‘a"
S0 as to be in contact with the two-thirds of the circumference of the pulley. 12
NN o o % 3¢t t, N fger srtr sfr A f, n 11

Ary A Tmf A Trg™ AT a bt (a>h), *TPf w I

A particle moves in a plane under a force, towards a fixed centre, proportional to the
distance. If the path of the particle has two apsidal distances a, b (a > b), then find the
equation of the path. 13

V-&7°Z-0-tf82&% 8
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Q. 8(c) PfHfcife'd NPT

| e"x(siny dx + cosy dy)
c

/

AT CA ztm f, PRTM (0, 0), (7t, 0), v 2y
"

Evaluate Je *(siny dx +cosy dy)}where C is the rectangle with vertices (0, 0), (n90),

f
! 9 12
Q. 8(d) fAT FT 7

nAddy | o 3030, 4X2d_2¥/_ ox Y 4y - x +2cos(logcx) .

dx dx dx dx
Solve :

AN -]+ BXIN-y +AX2N-~-2X — -4y =x2+2cos(log x). 13

dx4 dx3 dx2 dx c

V-zrp°z-0~'tf$z&%
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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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- EUs—A / SECTION—A

1
1. (@ () 3RA=|1 3 2|2, @ UK uRe WHERAT (elementary row operation) % ST
- il (o)l
q A~ Feife
] ]
Using elementary row operations, find the inverse of A=|1 3 2
LR
LA S
@ ILA=| 5 2 6|8 @AY +3A-2I%F A7 TR
-2 -1 -3
Jer e Es
fA=| 5 2 6| then find A +3A-21I
= Sl =]

(b) (i) IREYE Uf GfF (elementary row operation) % WM ¥ 98 ¥d Fefer, fow@
5 yem-uTeig @R (linear equations)
xX-2y+z=a
2x+7y-3z=>b
3x+Sy-2z=c

1 T & T |
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.
(i) =
W ={x y 2| x+y-2=0}
W, ={(x y 2)|3x+y-22z=0}
Wy ={(x y 2) | x-7y+3z=0}
A dim (W 0 Wy 0 W) T dim (W + W) 1 91 Feftier |

If

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

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

Wi ={xy 2| x-Ty+3z=0}
then find dim (W, N W, n W) and dim (W + Wy).

M-ESC-U-iThH/ 54 2




(c) ¥H Femifer :
Evaluate : 10

1 1

(d) 3| Tl (sphere) =1 it Fepfer, S Ed x2 +y? =4 z=0 9 T 2 3R S a
X +2y+2z =09 TF 99, FEH Brsgn 3 B, & = 5w 31

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. 10

(e) @i x_~l_=yT—2:z_3 M y-mx=2z=0 % 9 @Y g0 (shortest distance)

2
TeTferd | m % Tore | & fore <M1 W@l afe=23 (intersect) Hfi?
Find the shortest distance between the lines 2_ E = y—;z =z-3 and
y-mx=2z=0. For what value of m will the two lines intersect? 10

2. (@ (i) 3@ My(R), 2x2 ®f (order) F Tl MRl A FAR (space) @l P, (%),
aTEdferh siE9el (polynomials), et 3Tftehan =1 (degree) 2 ®, # w9 (space)

®, @ T: My(R) — P,(x), S&l T[[Z 2D=a+c+{a—d)x+(b+c)x2, F M, (R)

Td Py(x) % HM® MERI (standard bases) % WM& ege Fefm $ivd | 6%
HAET T 1 I HHE (null space) ITH Hifvd |

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) > Py(x), such that T([: Ci,D=a-i-c+(a—d)x+(i!:'+c)x2, with

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

(i) IR T: P,(x) — P3(x) 38 TR & & T(f(x)) =f(x)+5j;f(t)dt, WL 1+x 1-x2)

T {1 x x2, x3} F FAW: Py(x) W Py(x) F MER (bases) o gY T =l AR
Trentferd |

If T:Py(x) > P3(x) is such that T(f(x)= f(x)+5_[; f(t)dt, then choosing

Bl ltra 1—x2} and {1, x, %2 xa} as bases of P,(x) and P;(x) respectively,
find the matrix of T. 6
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THE1EA0
(b)) () IRA=|1 1 0%, @ AP AaalF 99 (eigenvalues) a1 firereroes afen
0 0 1

(eigenvectors) @l FHaTed |

B (o)
If A=|1 1 O /[ then find the eigenvalues and eigenvectors of A. 8
OO

(i) g FRR 7% et (Hermitian) et % weft srivyerefies oM i 2|

Prove that eigenvalues of a Hermitian matrix are all real. 8

(c) 3Rk amuri (bases) {1-x x(1—x), x(1+x)} W {1, 1+x 1+x2} % " Waw wawwo

: IEs s
(linear transformation) T: P,(x) — P,(x) % 8d @ &I A=| -2 1 -1 | %,
' 12 BE8 3
@ T 9 i |
e Al )
If A= -2 1 -1 | is the matrix representation of a linear transformation
eSTRDA S
T: Py(x) = Py(x) with respect to the Dbases {1-x x(1-x), x(l+x)}
and {1, 1+ x, 1+x?}, then find T. 18

o] AREL D
3. (@) x*+y’+2z®> w1 ek qa =Ee AW GERR, 6 %+%+§E:1 el
xX+y-z=0 W
Find the maximum and minimum values of ch-i—y2 + z2 subject to the
_ x2 y? 22
conditions —+=—+-—=1 and x+y-2z=0. 20
ARSI 5

(b) = <R
2x4y—25x2_1;22+y5 e ) #1(0,10)
fix Y= (el
0 , (64Y=00)

8 > 0 WTH A 78 W 5 | (x, y) - £(0, 0)] <-0L & 4/x? +y2 <57
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Let
2)«:4y—5x2y2 +y5

» (6 Y=#(0 0
flx 1) = (x? +y°)?
0 , (6 Y=000
Find a §>0 such that |f(x, )~ f(0, 0)| <-01, whenever yx2 +y? <3é. 15

() T x+2Yy+2z=12 % x=0, y=0 T x? +y* =16 T & T & = ydg &7%a
(surface area) femiferd |

Find the surface area of the plane x+2y+2z=12 cut off by x =0, y =0 and
x2 +y? =16. 15

4. (a) UH @, SR y=a=2z x+3z=a=y+z % Ua=de (intersect) FA T AU TA
x+y =0 % IR 8, g S 9a8 (surface generated) frifer|

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) Terg HifsA 1% 3% (cone) 3yz—2zx —2xy =0 % T TR T SHFI (generators) Fl

Teprfera |

éhow 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

() [[fe v)dxdy A Frferd, st st R=(0, 1, 0, 1 7
R

Fl g =1 XY alk x? <y<ux®
(6) 35, Y]
2
Evaluate X, Y)dxdy over the rectangle R=10, 1; 0, 1] where
Y
R
: 2 2
b ea il e e e 95
_x’ =
79 { Q7 elsewhere 15

(d) EAS (conicoid) ax? + by? +cz? = 1% i IR Ty Wl aat % wRede fg ®
foargay Frepife |
Find the locus of the point of intersection of three mutually perpendicular
tangent planes to the conicoid ax? +by? +cz? =1. 15
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@Us—B / SECTION—B

5. (a) dzy x«/—

~+y=e”® 2 sin %1 faeiy ¥9he (particular integral) FsifR |

2
Find a particular intcgral of E—-Q‘Ii +y=e*/? suni
dx

(b)) s AR % wfRm @ =3i+)-2k, b =1 +3j4 4k, C=41-2j-6k TH By
aﬁgwﬁwmﬁlwﬁwﬁm@maﬁaﬁmﬁmﬁﬁl
Prove that the vectors a=3:+]—2k, b=—i+3j+4fc, 3=4f—2}'—6]€: can
form the sides of a triangle. Find the lengths of the medians of the triangle.

(c) TaHA .

Solve :

dy 417 1 tan”! x
gtk __2_(e
dx| 1+x

-y

(d) =gy o6 waed-Fd y? = 4ex +4c? @Waifa® (self-orthogonal) R |
Show that the family of parabolas y2 =4cx +4c? is self-orthogonal.

(e) TH U HHF @R (central acceleration), Sl gt % BE@ % FEFAEIA (inversely
proportional) ®, % @&d JEHM @l IR T Yafrg (origin) ¥ T a W T wiem
(apse) 3@ AT A yald P S 8, MF a B F WS w1 V2 T 3, @ v =
weferor fentferd |

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 +/2 times the velocity for a circle of radius a, then find
the equation to the path.

6. (@) TAHLA :

Solve :

{y(l —xtan x) + x? cosx} dx -~ xdy = 0

(b) HEshel gHIE (differential equation)
£ d
D? +2D +1)y = e *log(x), =2
( )Y g(x) [ z ]

%1 Ya-f=Rw (variation of parameters) faftr @ g1 HivR)
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Using the method of variation of parameters, solve the differential equation

(D2 +2D +1)y = e * log(x), [D - i]
dx 15

2d3y d?y _dy :
(c) GHERT x =—dx——= +6a = 4 %] =419% &« (general solution) feTfeR |
dx dx

3 2
Find the general solution of the equation x? giy —4)&:M +6@ =4,

dx? died ek 2

(d) E ®9 (Laplace transformation) 3 7eg @ 14 1 g Fehiier

Using Laplace transformation, solve the following : 10

y’'-2y'-8y=0, yl0)=3, y'0)=6

7. (@) 2a TS 6 THAHH Th B8 (rod) AB, A W &= (hinge) % Ufa: I@@WH (movable) ¥,
et oo BR T Tl S dlan W @@ 21 Al 98 %1 Sl @ goE o 7, 91 e i

5 &= (hinge) W WfifsFaT (reaction) &1 YA %Ww}4+tan2a T, S’ W B8 &
AR B

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
% W4 + tan? o

where W is the weight of the rod. 15

(b) B YR P Al Q Th fBR (fixed) fo/g O ¥ umM (strings) OA T4 OB ¥ Te% & a1 TF
7% D€ (rod) AB TN TH-g@ ¥ 3@ R T ¥ It 9 OA T OB 8% (rod) AB @
FA: o, GAT BRI =G 2, O g FIRA 6 3 (rod) A fexn & 6 For sl 7, SRl

P+Q
Pcoto — Qcotf

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
Pcoto - Qcotf

tanb =

15
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.[c) & 1 ABCD, T5&e Yo% Y1 H &S a 8, F T %d qo (vertical plane) ¥ &R
(fixed) T ST B, Forashl @1 god &fost 81 U 3adM &M (endless string), fweh
S (> 4a) §, 916 % H0T W R =R G % SR A 0 {7 (ring) & g7 e 21
1 9R W % 3i% 7% e Ren § ek w2 | qwied f a0 =3d) &

2V12 —6la + 8a2

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 (> 4a) 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
2V12 —6la + 8a>
7
8. (a) f(r) TR, 59 wR &% Vf =— 1 f(1) =0 /|
r :
7
Find f(r) such that Vf e and f(1) =0. 10
r
(b) Tz Fifw 5
Prove that
oy -
§rdr=[[.asxvf
(c) T Y TH G W@ H TAHE B TR @O WA W@ W Th FBR (fixed) frg 0 B @
1/3
5
ﬁ%ﬁm%awgﬁmu[%} & TR B, 59 98 frg 0¥ x gt W R AR W forg 0 W a Tl
x
W I 97 Y A Bl 7, 9 98 96 Fremfed Ste @ 0 W s
A particle moves in a straight line. Its acceleration is directed towards a fixed
1/3
5
point O in the line and is always equal to u(%] 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) <=igd &% FfEA3E (cardioid) 7 = a(l +cos6) & T forg (r, 6) W aa-B=1 (radius of
curvature) &l 1 r % HHII 81 6 =0, g, %WW-‘%@T ot Ja Fifs> |
For the cardioid r =a(l +cosf), show that the square of the radius of
curvature at any point (r, 8) is proportional to 7. Also find the radius of
curvature if =0, =, I, 15
4" 2

* * Kk
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: b faa~a DETACHABLE

MATHEMATICS (Paper 1)

TqT : i Hug HterhaH 3 - 250
Time Allowed : Three Hours Maximum Marks : 250

TA-T= wFaeft ffdre sy
FIAT WA F I o & 7@ Tt vl sy w saEe o |
TH ATS e € 1 9t wet # o € qar et ok sttt ol A By B |
TR1eqTel Y el i = WAl % IR 3§ | -
T HEAT 1 3R 5 SAfeamd € Fo1 ameht vt 7 A WA @og A FH-A-FH U U AR e e et
& IR gy |
WA T /HFT o 3k IS g U T § |

LA o YR E! Hreaw # ford ST =fen et Seora smad wRer-s # Rt man 2, ok T e a6
TN Jeolg WIA-TE-IeR (F.91.T.) gfecent & wags W sifha ffde wm w fear s =fea |
Sfeafaa mem & afafcs sm fret wrem § fog 0 o) w 91 o A8t A |

I arasas = i

%G SIAs9T G, ?ﬁ%’% &%@?ﬂ_{w:‘-ﬁ%ﬁ Adl Inl {:IFE& qnf-\\ﬂl{ i
STel ek Sfeetia 7 €Y, Hehd QAT eqTaCt F=ferd Wik arf & vrgeh F |
gl < GERT Y IO FHTTEAR S STt | afq Shrer 7€l €, @ U F IR Y T Y S =1 a8
ST e T T Bl | geA-TR-IeR qfEeh § @l Sl g3 UB a7 S A 61 €€ &9 § el S
R |

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 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. pi i :
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1.(a)

1.(b)

1.(¢c)

1.d)

1.(e)

2.(a)

2.(b)

2.(c)

@gvus ‘A’ SECTION ‘A’

“FfFﬁﬁlQA (2 2) |qmagwﬁaaragpma%&rqaﬁp'AP@Pﬁuf
e B | |

Let 4 =(% %] Find a non-singular matrix P such that P~'4P is a diagonal matrix.
. _ : 10

aaﬁq%wmwﬁ%waﬁmaﬁﬁﬁa@aﬁﬁﬁl
Show that similar matrices have the same characteristic polynomial. 10

W R:{-3<x—)?<3, 1<xy<4) W W f(x, y)=xy (Z+)?) T GHh

HIY |

Integrate the function f(x, ¥) =xy (*+ %) over the domain R: {-3 sx*-)?<3,
1 sxy<4}. ‘ 10

farg (1, 1, 1) W wighast 3x2 —)2 =2z & wasf-aa &1 @it femrforg |

Find the equation of the tangent plane at point (1, 1, 1) to the conicoid 3x? — y* = 2z.

10
: -3 8- z—3 c+3 +7 6
[ELEGEIDRCIED x3 = 1y= 1 ErAS:yz =222 ¥ A A v
I _
Find the shortest distance between the skew lines :
x—3___8—‘y:z—3 a2 x+3:y+7:z—6_ 10
3 1 1 -3 2 4

T % TR F AR A A ¥ e ST 12 iuz,ﬁﬁmﬂz_=9ﬁ
el AT B, T IAGH HIGH HIFY |

Find the volume of the solid above the xy-plane and directly below the portion of
=B
the elliptic paraboloid x? +y7 =z which is cut off by the plane z=9. 15

Uk wwad, fod {67 (a, b, ¢) § & ToRa € a4 et & wAw forgai 4,8 9 C R
el B | g1 forg O 4, B @ C # & IFRA ATl ot & eg b1 ferrg-9 AT
Sy |

A plane passes through a fixed point (a, b, ¢) and cuts the axes at the points
A, B, C respectively. Find the locus of the centre of the sphere which passes
through the origin O and 4, B, C. 15

qufsm fF wFee 2x—2p+z+12=0, M x2+)2+22-2x—4y+2z-3=0, &
wsf FRar ® | weh fovg @ A |

Show that the plane 2x—2y +z+ 12=0 touches the sphere
x2+y?+2z2-2x—4y+2z-3=0. Find the point of contact. 10
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2.(d)

3.(a)

3.(b)

(757
—_
[¢]
g

3.(d)

4.(a)

am S fs U o9 woafen wafy v & SR ge i so-smeny st w fm
V'==6| Su-amater (UNW) & gearfaa fammd sma iy |

Suppose U and W are distinct four dimensional subspaces of a vector space V,

where dim ¥ = 6. Find the possible dimensions of subspace UNW. 10
| ) 1 2 3 1
forenike e wfoem 4 R S RP R, SR W A=|1 3 5 2|1 4 & wirsm
3 8 13 3
A1 o 9w R 9 wHa 4 B B 9 uw snar 9@t 3 if |
' | 1 3% 1
Consider the matrix mapping 4 : R* — R3, where 4=|1 3 5 -2|. Find a basis
3 8 13 -3
“and dimension of the image of A4 and those of the kernel A. 15

firg AR fr s % Rl sr-sfmete afey Was @@ o § |

Prove that distinct non-zero eigenvectors of a matrix are linearly independent. 10

s S
x| = —y
i 1.\_[(—'17;—) L] (xs_y);t(o 0)
My J\A,y}—] xl-+y.:. \ 2 N
0 . (x,»)=(0, 0),
2% f e
= By El S & (0, 0) 1 IRSFer Hiforg |
ol BN s
,\y(l" -y )
it f(5p) =] rgpt ¢ 2 #(0.0)
, (% 9)=(0,0),
02f - %f _
calculate Sy and S at (0, 0). _ 15
ax? +by? + ez =1 % T RER qreaq wsfae & whresed fig &1 frgwa W
I |
Find the locus of the point of intersection of three mutually perpendicular tangent
planes to ax?+ by? +cz2=1. 10

TR B+ 35 B —ax —xy;3x—6y—9z+21=0 & FAIfIR-® H ea%h
HIoTT ara: srehast ol wepfa faaifa i |

Reduce the following equation to the standard form and hence determine the nature
of the conicoid: ¥+ +2%—yz—zx —ay—3x—6y—9z+21=0, 13
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4.(b)

4.(c)

4.(d)

5.(a)

S4b)

z gl & frefafaa fem @ fomf . :
¥ Q=]
x+ap+Iz=3
+ 1ly+az=25
(i) a % T wml & fog e o1 The-gat @ 7
(i) 7 SEl (a, b) & fom wl & forw aqgE & o & afts ga € 7

Consider the following system of equations in x, y, z
x+2p+2z=1
x4+ ay+32=3
x+ llptdaz =5,

(i) For which values of a does the system have a unique solution ?

(ii) For which pair of values (a, ) does the system have more than one solution ?

15
2 2xdx
uteqor shifeg o @@an sd aRa J'—man‘raﬁfaaél_
(1= T
; 3 2xdx :
Examine if the improper integral I T exists. 10
* s (1-22)”
n dxdy 5
ﬁ‘l@eﬁﬁqﬁgﬁn — <7 V&l W D UHF 56 © |
D52 (y=2)
dzdy . et s
Prove that — <_[ <m where D is the unit disc. 10

gus ‘B’ SECTION ‘B’
x-y THAS F WA gat @ Frefa aR aTe sEee qHieor S SN |
Find the differential equation representing all the circles in the x-y plane. 10
ﬂﬂ?ﬁﬁq%&ﬁwmﬁ &TW-%@TQ', ﬁﬂﬂ?ﬂxy=c%§ﬁfmﬁf% | e\-favE
@, sefq g & vehfd R AT aE-eHeE % daaeig gatedl H A
T |

Suppose that the streamlines of the fluid flow are given by a family of curves
xy = c. Find the equipotential lines, that is, the orthogonal trajectories of the family
of curves representing the streamlines. 10
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5:(c) |

5.(d)

5.(e)

6.(2)

U R, FIesEe r=a (1 + cos), St wRits Y@ e seEhR 8, & 3R
# R 8 | m oW # US DI Deell IR W HEe Fehdr € 9o Hiidaigs & foeg
p=0 H TATES TS @ H AR (elastic)@ﬁ‘ﬁ, ﬁwmvmgvrﬁﬁ 4 mg
2, 94T B | wod ol feRETEer |, sefd el afas €, BIel Sdr € | Foll-axev &
o @y e et fE aéz(] +c0s0) — g cosO (1 —cosh) =0, g ITecATHII

S

-~

h h[{UT U] ?\ |

A fixed wire is in the shape of the cardiod » = a (1 + cos), the initial line being
the downward vertical. A small ring of mass m can slide on the wire and 1s attached
to the point » = 0 of the cardiod by an elastic string of natural length ¢ and modulus
of elasticity 4 mg. The string is released from rest when the string is horizontal.
Show by using the laws of conservation of energy that

aéz(l + cosfl) — g cosB (1 —cosO) = 0, g being the acceleration due to gravity. 10

foriat a, b9 ¢ F oo w1 & fou afew
V =(x+y+az) iﬂ+(bx+2y—:)f+(—x+cy+22)kﬂ aﬁgﬂﬁ ER I 1 L s 1 e
afesr & do-l-féumet | smmatfar s fifsg |

For what values of the constants @, b and ¢ the vector

V=(x+y+az)i+(bx+2y—2)j+(-x+cy+2z) k is irrotational. Find the diver-
gence in cylindrical coordinates of this vector with these values. 10

a9 U At faeg o ferfa afewr 7=singi'+cos 20/ + (2 +20)k ® | @k

TRV @ % g W-HIGH vk wHRR T H qun F G v % 99 & overeq fawn § @

f=0 9% FG S |

The position vector of a moving point at time ¢ is 7 =sinz i + cos 2¢ 7 + (1% 4+ 2¢) k.

Find the components of acceleration @ in the directions parallel to the velocity
vector v and perpendicular to the plane of 7 and v at time 7= 0. : 10

(i) fr=fafaa g W@ig sEsd aeieon & g R
(D+)y=z+e* T (D+)z=y+e', Tel y 9 z @A =R x & ®ad © a9l
o d

dx
(i) Solve the following‘simultaneous linear differential equations :
(D+)y=z+e* and (D+1)z =y + e* where y and z are functions of indepen-

dent variable x and D = i _ 8
dx

Lh




6.(a) (i) afe ferdt W @wg ¢ ) SR qen f 9y ) S8 o femm gen &
FATIATA € T HEAT T qHTE A QI § S @ 7 4 HETE & =g e

$I foraet wear smféa g 7
(ii) If the growth rate of the population of bacteria at any time ¢ is proportional to

the amount present at that time and population doubles in one week, then how
much bacterias can be expected after 4 weeks ? : 8

6.(b) (i) SR HIHU : xyp? —(x*+)?— 1) p+xy= oaswtp—d— 2, ® fER
ﬁ'ﬁﬁﬂllu—xzﬁiﬂv—y mmmmw(ﬂmrautsfom)ﬁ
u,vamp=~ﬁ6q?ﬁa?r%m[mmmmmﬁamaﬁgaa?rﬁrql

(i) Consider the differential equation xyp?-(x2+3)?—1)p+xy = 0 where

e g, Substituting # = x* and v = y? reduce the equation to Clairaut’s form
i : ‘

Gt vy 3 '
in terms of #, vand p° = T Hence, or otherwise solve the equation. 10
' u

6.(b)  (ii) frmfafaa wR@eE-am m RO H T hIT :
20" +4y'+y =0, y(0)= 3-2 qy(0)=0 |

(ii) Solve the following initial value differential equations :

20y" +4y'+y=0, y(0)=32 and y'(0)=0. 7

6.(c) T THaHE 3iefen, Sfast & ¢ For IR ok U T GHAA I AT T I8 1 A
- ¥ Tl e gu @ R | G & Y ¢ o sftremam w A feleng | afg ¢ A
0Y M ¢ 9« F1 g8 qrarEe B g v ’
A uniform solid hemisphere rests on a rough pléne inclined to the horizon at an
angle ¢ with its curved surface touching the plane. Find the greatest admissible

value of the inclination ¢ for equilibrium. If ¢ be less than this value, is the
equilibrium stable ? : 17

7.(a) g% r = (a.cosa, a sin6, a@) & fowdt o ﬁq’r_g 7 =(0) R Thal-afey T FH qfgor
frafera | gufed for uet forg @ Toef Y@ W e M T @ fag-ua wE 9% © S
qufeq & srfquRaeast 12 +)2 -2 =a® R @@ 2 |
Find the curvature vector and its magnitude at any. point 7 =(60) of the curve

7 = (a cos0, a sinO, af). Show that the locus of the feet of the perpendicular from
the origin to the tangent is a curve that completely lies on the hyperboloid
e e 16
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7.(b)

8.(a)

(i) frafafaa smaea wie @ g Hif .
2
xl—;—%—4x3y=8x38in(x2) |

(1) Solve the differential equation :

d?y dy . ~
x—= —— —4x3y = 8x3sin(x2). 9
I (x%)

(i1) ﬁmﬁﬁawaﬁaﬂwﬁw-ﬁwﬁ%%meﬁaﬁm:

2
d—;’—@H y =44 —T6x — 48x2 |
dx= dx
(i) Solve the following differential equation using method of variation of
parameters :
-d—z-l——(-ll— =44 — 76x — 48x? 8
&2 dx - ' '

R ZH g9 & e favg 4 @ U8 a0 |, 99 & srgfey $et Shar ® S 3@ A S
g p o 9 # & wem B | ¥ 7 & 7a Aifsie g = @ 9 ) & o
wigfrar = = |

A particle is free to move on a smooth vertical circular wire of radius a. At time
t=0 it is projected along the circle from its lowest point 4 with velocity just

sufficient to carry it to the highest point B. Find the time 7 at which the reaction
between the particle and the wire is zero. 1T

WA\ 9R 9 r Brear &1 uw mer R 8.8 freur i Seaer gl i a6l ) fen
AR W b QAL (h>2r) ET TEE q U IR I © | qufsd fR e @t urE

_ 3 3
& Gde & 3l FW aW | R 71 TEaw w1 {W{h—_j’ J+W’(r—h+32' H

RZ 2
AL IW BT W | W am Mo gR1 farenfia aret @6 9R R |
A spherical shot of W gm weight and radius » cm, lies at the bottom of cylindrical

bucket of radius R cm. The bucket is filled with water up to a depth of 2 cm
(h > 2r). Show that the minimum amount of work done in lifting the shot just clear

2 2

: ' g3 B ;
of the water must be {W(/zf—si J+W’[r—h+§] H cm gm. W' gm is the

weight of water displaced by the shot. : 16

7 sth-p-mth




8.(b) e TR G F S SRR F gRT B I

d? ' : h
2 +9y=r(x), y(0)=0, y'(0)=4
z Rsinx: Tl 0<x< T
Sl 9 r{(x) =
g ( ) {0 ?Jlﬁ X227

Solve the following initial value problem using Laplace transform :

dZ
d2

where r(x) - {

2 +9y=r(x), y(0)=0, y'(0)=4 |

8sinx if 0<x<m

0 if x=x

8.(c) (1)anm?rj sfﬂarﬁwnﬂqﬁﬁaaﬁﬁq

el W F =3xy? i+(yx2 —y3)_f-|—32x2k
qAT S e 2 +22 <4, -3 <x<3 FH IB % |

a ~

(i) Evaluate the integral : j‘j‘ F-rids where F = 3xy? in+( yx? — yJ) Vi
B

g7

and S is a surface of the cylinder y* +z*> < 4, -3 < x < 3, using divergence

theorem.

8.(c) (i) W= WHI & WA & J'F(F)-dF &1 AmTE R # g S
C

s

wet ® A7) =(x? +52) +(x2 =57

A dF = dxi +dyj IR T C, &= R:{(x,y) |15.y~.<.2—x2} $ uftfer 2 |

(ii) - Using Green’s theorem, evaluate the IF (F)-a’F counterclockwise

G,

9

where F(F)= (x2 + yz) i'+(x3 —yz)f and dF =dxi +dyj and the curve C is

the boundary of the region R = {( X, )

lgsys 2—.\'2}.

sth-p-mth 8
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CS (MAIN) EXAM:2018
wfm (T -TE-1)

EGT-P-MTH

Wy« A wfwa A% - 250

wA-uR s fafve sEm
(v W & IR @ o ArfafE T s A eEE )

o0 ame U B W g |vEl ¥ favifag € A e i e 54 R sY R

Tl #) FH ofe wEl F I R R

e Fw 1 3 5 #fEd §oaw gk et 4 4 vdw ave @ n-9-wn v v g TR i uEl F o
i, |

THEF TH I % i e A o #)

urdt ¥ g o) mem O femd W wien faee 39 anoF TEm-wR § T o &, oim w oaam = e aEm
UF-HE-TW (Fe e Uo) yfErn % yETE W aifFE PR wm wm o g afghan mem & sRiee
s Felt wegm o fosd o 3w ow oW siw A faEEn)

aft awwrs ), 0 2w afwd w9 Fifm T = e $ifm

g % Agham 7 B, @A 2w T=EE =i TEw @9 0 0gE R

uEl & Tl = o wArgEn o el 9t s Al A, @ W F I R e 6 el = ae W s B
T | TE-EE-I e A wd wrE gen gw W T0E WM W e E A FE W) e

MATHEMATICS (PAPER-I)

Time Allowed : Three Hours Maximum Marks : 250 II

QUESTION PAPER SPECIFIC INSTRUCTIONS
(Flease read each of the Fu].l::m-ing 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.

Chuestion Nos. 1 and S are compulsory and out of the remaining, THREE are to be attempted
choasing at least ONE question from each Section.

The number of marks carried by a guestion/part is indicated against it

Anawers must be written in the medium authorized in the Admission Certificate which
must be stated elearly on the cover of this Cuestion-cum-Answer (QCA) Booklet in the
space provided. No marks will be piven 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 guestions shall be counted in sequential order. Unless struck off, attempt of

a guestion 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.

EGT-F-TNTE/ 7 1 | P.T.O,



L

fc}

fd)

e}

2. [a)

(b}

THUE—A |/ SECTION—A

un el R A 0% 3x2 s=E t AR B TF 23 WeR B owwist R C=A B TE
HEEAOI AR R

Let A be a 3x2 matrix and B a 2x3 matrix. Show that C= A- B is a singular
matrix,

AT AR ep = (1, 0) FR ey = (0, ) Foy =2 1) Way =1 3 F Yo wim Feu i
= Fif |

Express basis vectors €, =(L0) and e; ={0, I} as linear combinations of
=2 —1) and oy =(L 3).

ﬁu‘f&azﬁrﬁ&ﬁﬂlmu zjmnimaﬁmtmﬁamﬁrmwmﬁuﬂwﬁ il tcal
T a it |

Determine if 1im1[1 — Zitan ? exists or not. If the limit exists, then find its value.
x5

#H1 lim —Z\II HWWWI

=" r=iQ

Find the limit lim — Eﬁfn
n=p2 =0

Eﬁi‘@%:%’%:zfmmx+y+ﬂz 6 T WEm 3 A

Find the projection of the straight line 'J':T:l::'%"'_l:;1 on the plane

3 -1
X+ +2z=056

HW A 3N B HEEN noxn AR §, 1 59 TR 3 oA OE uE A B

Show that if A and B are similar n=n matrices, then they have the same
gigenvalues,

o (1, 0) @ waem y? = 4x 7 $it = 50 IE SR

Find the shortest distance from the point {1, 0) to the parabola y®

EGT-P-MITH/7 2
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2 2
(c) ﬁrﬂqﬁx—:+i"—z=1 x-31 3 T 7R wfor ) ik oA s e i
i

F | )

The ellipse x—_! F Ll'_z = ] revalves about the x-axis. Find the volume of the solid of
a

H
revolution, 13

fd) T
X+ by +opzE+d; =0
g X +byy+eyz+d, =0

AN z-Aw F = R = gl i)

Find the shortest distance between the lines
ax+bhy+ozed =0
agx+byy+eogEtdy =0

and the z-axis. 12

3. (o) e wimm FEE

x+3y—2z=-1
By+3z=-8
x-24-52=T

% Tordl Tawffn fifed fos Frafafias = 8§ & F9-8 790 2 i 39-9 7
iy adftwe Frwm w6 e T8 R

(i) T e = fE O e

fiii)  wdvwrm Freem i anf o § e B R

For the system of linear equations
x+3y=2zm=]
oy+dz=-8

K=2Yy=-5E=m T

determine which of the following statermnents are true and which are false :
{ii The system has no solution.
fiiy The system has a unigue solulion.

fitff The systern has infinitely many solutions. 13

EGT-P-MTH/T 3 | BT.O.



(b)

(et

fd)

(b

fel

{dd)

i wifE B
fix w=xyg®, ARk y>o0
=-xy?, W y=0

ﬁuiﬁaeﬁﬁerﬁgip. 1Hﬂtg—£p. 1} 3 & e sfeam & i e afSves T8 &

Let
fixw=xy*, if y>0
=-xy?, if ys0

Determine which of g—f {0, 1) and a‘r[ﬂ, 1) exists and which does not exist.
X

T [x +y+ 2} 2x + y—2) = 6z F T TF WA F wE = ogw A, 5 G
1, 1, 1) 3 9 e B

Find the equations to the generating lines of the paraboloid
(x+y+z){2x + Yy~ 2) = 6z which pass through the point (1, 1, 1).

sayz-raE B i, Rl (0, 0, 0), 0,1,-1), (-1, 2, O) ¥ (1, 2, TR A
T T W wE i

Find the equation of the sphere in xyz-plane passing through the peoints
(Q, 0, 0), (0, 1,=1), =1, 2, 0) and (1, 2, 3].

e (2, 3] W x? -5x? + 4 F wigEam i =Eem o 3 fifE)

Find the maximum and the minimum values of x*-5x%+4 on the
interval |2, 3].

T L’Lm xdyd‘" =1 7 B

..-"|!'+L|I

Evaluate the integral Jﬂ-[xfuﬂ
Xty

m oy, fomm il (0, 0, 1) ¥ i ferw Fldws o 2x? - 3% =4, z=0 %, =1 wiwm
i FifE

Find the equation of the cone with (0, 0, 1} as the vertex and 2x? —y% =4, z=0
as the guiding curve.

3x-y+3z=87F wum AN fag (1, 1, 1) § & TR 7@ oo w0 wdm g e

Find the equation of the plane parallel to 3x -y + 32z =8 and passing through
the point (1, 1, 1)

EGT-P-MITH/7 4
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WTE—B |/ SECTION—BE

5. (a) ¥ HifEE/Solve : 10
yu_y=xﬂeﬂx
(B) x=3t, y=3t7, z=dt® wiFEE 99 9F F W oaw fam w owEitm oasin
y=z-x =0 % =5 = = am fifed)

Find the angle between the tangent at a general point of the curve whose
equations are x =3t y=313. z=3t" and the line y=z—-x=0, 10

fe}  wE FiE  Solve 10
¥ -6y +12y -8By =12e2* 427 e ¥

df) S %EFI TTRATH FFEL 1A il |

Find the Laplace transform of ff) =l.

1
2
587 435216 o fareii et s g BP
ls—1)is—2)(s+3)
. -
Find the inverse Laplace transform of 5s” +35-16 . 10
(s-1)is-2){s+3)
fe) e w b g avdfm st nw s dan, A dm ARt dgt m R i
Foaeft Samd n R, 1 G B 9N S ¥ AR 9E W S Ae W TEeE § s wE dfm
ude K #, 1 e i I 9 it |
A particle projected from a given point on the ground just clears a wall of
height h at a distance o from the point of projection. If the particle moves
in a vertical plane and if the horizontal range is R, find the elevation of
the projection. 10
6. fja) BR EfE S Solve 13
2
dy] dy
e 2 Ex=y=(
) aeacke-y
b TR, W UEwE T vl TR A e, Few R A g o x, Fghmdn
FAI: w, W w,, B IR i w0 sl wm il
A particle moving with simple harmonic motion in a straight line has velocities
t and v, at distances x; and x, respectively from the centre of its path.
Find the period of its motion. 12
fe) BA Eﬁfﬁﬁfﬁnhg ' 13

" +loy=328aclx

EGT-P-TTTH/7 5 [ ET.O.



fd) W EE x7 +y? 427 =a® TUE SR, T M F AT WY F A T

[Tl + =) dydz + {y + =) dadx + (x + y) dxedy]
5

AR CREC e

If &8 is the surface of the sphere x* --yi + 22 =a?, then evaluate

Hll_x + 2} dydz + 1y + 2) dedx + (x + 1) ddy]

5

using Gauss' divergence theorem. 12

7. fa) = EE [ Solve - 13
L+x%y"+ 1+ 5y +y=4dcos(log(l + X))

(b} &
¥ =alu —3inu]?+u[l —c::rﬁ'.u];f+buic’
=it Tm 3 Fes wm fifid

Find the curvature and torsion of the curve

?:{.‘.I.[TJ.—E."II!I'H.]_I'. +u|:1—1::uau}:i'+bug 12
fe)  WhEE OE A
y" -5y +4y=e”
19 ., 8
L) 1o ¥ 3

I we HiEE
Solve the initial value problem
y" -5y +ay=e”

19 ., 8
H[D}—anp}ha

13
fd) o 3 g, FamE g «%y® wi dy? +3x)dx - Bxy +2x%) dy =0 F TF @
e &, 3 iR s wdem gw fifEn
Find « and P such that x" is an integrating factor of
14-y2 +3xy}rix—[3.:q;+2x2;dy =0 and solve the eguation. 12

EGT-P-TNTH/7T 6



B. (a) TAEHRRARET =u 1 +uy) +usk B EHE B curliourl ¥) = grad [divd) - v2 7.
-4 —+ =¥ =% o o = g =
Let v =i + vy f +ugk. Bhow that curlicurl v )] = gradjdiv o) - V= . 12
(b} HEa W W owEE wE O O weE [-yides xPdy+zidz W oW Felad
[ 5

el = o sy =1 S AR x+y+ z =1 T ufEdE © B R siuEAEE oewEEa
7 ararEd T e R

Evalaate the line integral I—y“dx+x3dy+ 2 dz using Stokes' theorem. Here

C.I
C is the intersection of the cylinder x* +y” =1 and the plane x+y+z=1
The orientation on C corresponds to counterclockwize motion in the xy-plane. 13

(e} W ERE R F =1 +lyex) ¥ W ¥ v w o w08 e Squin § a0
y=x? @0 y= x 5w iEg 88 W (V) k 51w i

Let E - xyi? + [ +.::]]. Integrate (¥ nﬁ} ' E over the region in the first gquadrant
bounded by the curves yw= x* and y = x using Green’s theorem. 13

i) iy, P B e 2xe? +3y%) dy + 37 + Sl de =0 Tumes B, qm i dn
G REET e

Find f{i) such that 2xe¥ +3y%)dy +(3x2 + fli)) dx =0 is exact and hence solve. 19

Aok
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G &l _‘ c ’:"T‘.‘?ﬂ‘g

oo
SDF-U-MTH
nfor (w9A-9=3-1)
g : A = wfthan 31 : 250
TyA-ux wraet fage srgew

(3 2 ¥ i P Ale B g aEuEEs W)

74 e T £ W 9 @vet & R & o R=h @ eish 36 A B R

IafieaR # $ol 9ig T F IN a7 €

v GE 1 3R 5 AfEr & au areh gE 3 A T0E Te | F9-2-F0 U T IR R T % SW A
T TE/9T ¥ 3% 3Eh e e M R

Tt ¥ I 36 T & @ S Ty, R 33 s waw-uE # R e R, o w8 wem W 3gE
TH-TE-IW (ﬂoﬁoﬁo)gﬁm%g@gﬂmdﬁﬁﬁﬁzmmﬁmmmﬁmaﬁgﬁaﬁm%m
= el mem # @ T s W w5 @ e

R FEEE B, © IYE Awel W Fg a0 T Ffe fifw

& % Iyfaa 7 B, Tha a1 TeEe Yoo ee Sl § wgE #

it % 3t ) T AR e AR we A R, & v % I h e A e SR 9 Iw s
T R RS R Wit Se1 g U8 41 36k W H WE ¥ § F I AL

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

1. (a) umﬁaf:[o, g}aR@WW%,@W%

(b)

(c)

2
cos” x n
X)=————, 0<x<=
flx) P 2

f(gJ %1 7H 1 Fifv |
Let f: [0, g:' — R be a continuous function such that

2
cos“ x 11
X)=———, 0<sx<=
e 4x2—n2’ 2

Find the value of f[E).
2 10

7 f: Dic R?) - R & %o R 3R (a, e D. R f(x, y) g (a, b T Fad B, A
2uise % &M f(x, b) 3R fla, y) FAM: x = a 3K y = bW Haa ¥

Let f : D(c R?) - 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

7 7 7: R? - R? s Yaw wfofm &, 3w &% T2, 1) =5, 7) @ 7, 2) = 8, 3). W
A TH AR e, e, & AU TF WTa AT ¢, @ A F Fife 3@ A

Let T:R? 5 R? be a linear map such that TR2,1)=(5, 7) and T(l, 2)=(3, 3).

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

SDF-U-MTH/10 2
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(d) R

2 1 2 1 1
A=l1 -4 1| R B=|1 -1 0
3 B ~3 g 1 -]

3, @ 2uisy f% AB=61;. T 9Rom % WM = ge FefaRan e fem # &«

fﬁm:
2x+y+z=5
x-y=0
2x+y-z=1
If
1 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+Yy+z=5
x-y=0
2x+y-z=1 10
(e) <uige fR

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

-3 2 1 1 <3 2

wfeadt tad ¥ whede fag & Fewst o 3u wwaw, fed 391 Yad &, @1 wiwo
31a Hifs)

Show that the lines

x+1 y-3 z+2
= - an -_——_——
-3 2 1 1 -3 2

intersect. Find the coordinates of the point of intersection and the equation of
the plane containing them. 10 .

SDF-U-MTH/10 3 [ P.T.0.



2. (a) Wf(x)=|cosx|+|sinx|,x=%mm%?wmmﬁ%,ﬁf(x)mw

x=gmmﬁmlwmmmﬁ,ﬁmmwmml

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

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

(b) WM 6 A IR B WHE HIe & I difesh 3TYg & a4 det A +det B=0. T A+ B
sgeRava (Rer) simegg R

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) "9 x+2y+3z=12 Fdws a1t | A, B, C W fo=de w@n ®1 Ay ABC %
R =1 FHIEw 1 Fif|

(@) fog Hifs % wwaa z=0 To® x? +y? +2% =11 & Fa@M g, Few ¥
2, 4, 1) W, F T gHhNT fwaey R vfasde w2

(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~i~z2 =11 which has the vertex at (2,4,1) in a rectangular
hyperbola.

3. (@) W fl) =2x> -9x2? +12x +6 F I [2, 3] W Atk 3N <L 9= @ Hfg)

Find the maximum and the minimum value of the function
f(x) =2x> -9x? +12x +6 on the interval [2, 3].

SDF-U-MTH/10 4
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(b) fag it 5 Tumom: frd w fig ¥ Rawaw x2 +y? = 2az W dF AfEE QT =
2, ofF o fig wae 27a(x? +y2%)+8(a-2° =0 W @ &, @ = o= Afiw=t § 4 @
e o @ 2

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?)+8(a-2° =0

then two of the three normals coincide. 15
() =&
5 7 2. |
ao| &L =8 1
|2 3 50
3 4 -3 1

(i) =g AH =R 3@ FfC)

(i) STEATE
X
4| a| *2
V= (xl, x2, xs, X4]ER A =O
X3
X4
= fom 0 fiferg)
Let
5 7 2 1
a1 181
|2 3 50
3 4 -3 1

(i) Find the rank of matrix A.

i) Find the dimension of the subspace

X
V={(x;, x5 X3, xq)eR*|A| 72 |=0

X4 15+5=20

SDF-U-MTH/10 5 [P.T.O.



4. (a) FA-¥feem v F FA fafae) @ v F1 3En 15 A0 T 9E e A, wwl
100

A=[1 01

010

State the Cayley-Hamilton theorem. Use this theorem to find A%0 where

100
A=[1 0 1
010
(b) fig P& oA areh S
2 2 2
Sriiptegsi
a b c

#1 Afrem sfran A & I Ffg ik frg Fifvm 7% 7R 98 4PG, F 9H B, 56l G T
fag ® &l P& oA Tl aifrea St xy-aa W et @, @ PYE

2 2 2
@c?-a?)+ L c?-p?)+Z =0
b c?

a
= o B
Find the length of the normal chord through a point P of the ellipsoid
2 .2 i
a“ b* ¢

and prove that if it is equal to 4PG5, where G5 is the point where the normal
chord through P meets the xy-plane, then P lies on the cone

2 2 2
To@c?-a?)+ ¥ pc? -p?Y)+Z =0
a b c

c) () SR

X113 4 y1/3
X112 72

u =sin’!

2, @ Tufse ¥ sin? u, x 3K yw—émmwﬁl 3{duq T9iEe f6

2 2 2
xza U, 5 au+ 20 u=tanu[

2
xy 13+tan u
ax? dxdy ~ gy? 12

12 12

SDF-U-MTH/10 6



(i) YR it %1 R F g awiee B S fY(x) = —— 3 f0) =0},

1+x2

f(x>+f(y)=f(1“y]
- Xy
() If

K1/3 +yua
x1/2 +y1/2

u =sin~}

2

then show that sin“ u is a homogeneous function of x and y of degree -—%.

Hence show that

2 0%u 3%u N gazu_tanu(l3+tan2u)

x +2 = —

(i) Using the Jacobian method, show that if f(x) = —— and f(0) =0, then
1+x

f(x)+f(y}=f(1x_+x‘1;J

@WUs—B / SECTION—B

5. (a) EFA GHHW

(Rysin x +.’:ly4 sin xcos x) dx —(4y3 cos?x +cosx)dy =0

I & iR

Solve the differential equation

2

(ysin x +3y* sin xcosx) dx — (4y> cos®x +cos x)dy =0 10

(b) FEHA FHIHI
d?y
dr2

%1 qUi & §1d shieg |
Determine the complete solution of the differential equation

2
d’y y-4@+4y=3x232xsin2x
dx? dx 10

dy

4% 44y =3x%e?*
dx

sin2x

SDF-U-MTH/10 7 | PT0:



(c)

(d)

(e)

(a)

(b)

Th Yl ThEAH 98 AB %1 T i U w1 &fcw 38 AC, s w1w 97 aem () & s 9@
TR WS gl 8| BW C & W 4 R ¥ @ o wiv fog w ?, @
AC? - AB? = BC? %) 7R &fte Ya1 3 AB % 9 %1 9w 6 R, i frg A s wdor 1o

C0t92 %i
2 +cot“ 0
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?. If 8 is the angle between AB and
cot®

2 +cot?@

TF FU F Yl TR HAHE0 a6 I H0 F gzl & Fex 4 gt F T F Goergard B | T
Rt wR gt 6 wag W W R, Fae ¥ 3k 391 @ gt A war w e B guize B e ¥

Wﬁmﬁqmmwm%hw%,ﬁﬁhgwiﬁﬁm%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.

T x=t, y=t2, z=t> F g (1, 1, 1) W wdd-@ i Rw § ww@ xy? +y2? +2x2 H
feaene stashers wra Hifv)

Find the directional derivative of the function ch2 + y22 +zx? along the tangent
to the curve x =1, y=t2, z=1% at the point (1, 1, 1).

% fivg o Wig 3 I6F A9 AP | 7 R| UF & oUW aw e F R w5 srdemw
a?1 g five wF wg &fts A9 ® @ R, Rrw adien 39 9 oyl = @) <wige 5 vg &
ftrram d=d, foad o anameeen B+ ®, V3a )

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 +/3 a.

aF C ¥ IR W F 1 wRewmw 3 SR, swt F = 2x+y?)i +@y-4x) ] 3k, fig
o)A fig@, 1)k % y=x2 F g auw g (1, 1) ¥ g (0, 0) T o% y?2 =x F TW
afenifia 21

Find the circulation of F round the curve C, where F =(2x+y2)f +By-4x) j

and C is the curve y= x? from 0, 0) to (1, 1) and the curve y2 = x from (1, 1) to
©, 0).

SDF-U-MTH/10 8
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fc) (i) 3Tahcl GHIEH

2
2y +@@sinx —cotx)@ +2ysin? x = e~ *sin? x
dx? dx

ERGEaEL

1
(i) t~1/2 ﬂmt”2wmmmﬁmlmaﬁﬁqﬁst“2 1 ATEATE IR

I‘(n+1+l)
I

n+1+l
s 2

a1 8, &l ne N.

(i) Solve the differential equation

2
&y +(3sinx -cotx)@ +2ysin? x = e~ “**sin? x
dx? dx 10

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

n+—
transform of t 2, where ne N, is

I‘(n+1+1)
N 2)
n+1+l

s 2 10

7. (@) FEEW x2y” -2xy’+2y=x>sinx H WA FAAN ke FHHO B WH E\dA T
frpifere oi 7= R o wfem F yrew- e fafy g s g e
Find the linearly independent solutions of the corresponding homogeneous
differential equation of the equation x“y” -2xy’+2y = x3 sin x and then find

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

(b) Fefaft x = acosu, y =asinuy, z = aqutanao ¥ e aw@ A B aun fades i G 3@
Hifsr |

Find the radius of curvature and radius of torsion of the helix x =acosu,
y=asinu, z=autand. 15
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(c)

(@)

(b)

y-318 Fi fam & i v 0 F qafag $i SR @ Fy R, @ F, y #1 & U 6 G
W%IWWy=—aﬁmy=aa§iﬁaﬁW${mi,ﬁam3ﬂﬁﬁaﬂﬁT%Imﬁ?

<T<—

J_ J_
W&l F, @@ F, WE [-a, a] ¥ F% iftean @@ <Faq 79 §1 a0 guize £ 5« oo 161 @

W dias FWEW @ & Rl ft 3R 30° 9% o = B, @@ T, 2n./i/g a0

on,f1/gn /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

el e—r

F

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.jl/g+n /3.

AdFel GHIH

2 2 2
(@] (E) cot? o — 2[dy)(y)+(_y_) cosec?o =1
dx) \x dx/\ x x
=1 fafea @ v Aifm) R gu sewa wfie 1 i g@n ot 30 fifvg) of @ aa B
T 6 ST same Fifv
Obtain the singular solution of the differential equation

2, 12 2
(Eﬂ) (Q) cot2a_2(ﬁlgj(£)+(ﬁj cosec’a =1
dx) \x dx )\ x X

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

@ﬂﬁmmwm({m % qUe ¢ 3R wo A fam e o fRR fag (awn) # v R
frg Hifs 6 39 TR F1 99 = WiF-R=D% B | 3 wivey g A, Fms srwla 9 (5) dedgm,
(i) TaeE 3R (i) Afowae™ =9 S 2|

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

L is a conic
(distance)

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

section. Find the conditions under which the path becomes (i) ellipse,
(ii) parabola and (iii) hyperbola.

SDF-U-MTH/10 10
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(€) ) wem % swww w W owR fAfEw @ oW B R =4xi -2y2)+ 2%k F R
x? +y? =4, z=0 3R z=3 7 fiRt gu &= & wenfa Hif)

(i) 8 T F G § | e*dx +2ydy - dz F HA A Y, TE C, 7 x2 +y? =4,

z=2%|

i) State Gauss divergence theorem. Verify this theorem for
iy a ~ ~ 3
F =4xi —2y2j+zzk, taken over the region bounded by x? +y2 =4, z=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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in ENGLISH.
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The number of marks carried by a question/part is indicated against it.
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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. (o) @ wg=E VA @ nxn % awafys iR of ) Rane f ag== v, R © w gy i
%1 Q& fim-fim 2 x 2 A =f % e R

Consider the set Vof all n x n real magic squares. Show that Vis a vector space
over R. Give examples of two distinct 2 x2 magic squares. 10

(b) WHT M,(R) @i 2x2 ar«fos =gl =1 afew @@ ¥ = B=[_14 —41]. T

T: My(R) - M,(R) Th WRa% ®icww 3, S T(A) = BA g1 9Rwa ®) Tt =1 (&%) =
Y (AfR) Fra Fifm) g A TIa AR, N 13 TeE B Rt s )

1 —
Let M,(R) be the vector space of all 2x2 real matrices. Let B=[ 4 4:'.

Suppose T: M,(R) - M, (R)is a linear transformation defined by T{A) = BA. Find
the rank and nullity of T. Find a matrix A which maps to the null matrix. 10

(¢) lim (tan x)'®® 2% o1 9 P

I
x—3

Evaluate lim (tan x)'®? 2%,
X% 10

(d) % 2x+3y=(x-1)2 F @t sFawsfi Fewmr)
Find all the asymptotes of the curve 2x +3)y = (x - 1)2. 10

(e) ddgast 2x2 +6y?+322=27 ¥ wWd UHA W WO PR, WY@
x—y—z=0=x—y+2z—9ﬁ'€ﬁﬁ(ﬂ\?ﬂ?ﬂ‘§l
Find the equations of the tangent plane to the ellipsoid 2x?2 +6y2 +32z%2 =27
which passes through the line x-y-z=0=x-y+2z-9. 10

2. (a) I;tan_l(l —i)dxiﬁl LICRECa LY

Evaluate I(l) tan~! (1 - l) dx.

X 15
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(b) @nxnﬂlaﬁAaﬁWﬁﬁm,WﬁA=I—2u-uT,3€fu@ﬁl‘éﬁﬂﬂﬁﬂ%|
(i) hem AR % A waf@ 21
(i) e AR e A Tl R
(i) Reamge % g A 1 3P (n-2) R

(iv) SEE A, Feifem, safe u=|2|%

win Wi W=

Define an nxn matrix as A=1 -2u-u’l , where u is a unit column vector.

(i) Examine if A is symmetric.
(i) Examine if A is orthogonal.
(iii) Show that trace (A)=n-2.

1
3
(iv) Find As,3, when u=|2|
2
3 20
(c) @@Wﬂaﬁﬂﬁm@,hﬁm-@ﬁ,@%:%:g%m%wm
Hrfeste o x2 +y2% =4, z=272!
Find the equation of the cylinder whose generators are parallel to the line
%= __y2 =§ d whose guiding curve is x? +y2 =4, z=2. 15
3. (@) T %R w fmw A :
flo = j(’)‘(ﬂ -5t +4)(t2 -5t +6)dt
(i) e f(x) % wifae fag Fefem)
() 3 fag Premfere, sl f(x) =1 T =gEa dm)
(i) ¥ Fog Tramfer, Stel £ o T sfersan €
(iv) w&A f(x) % [0, 5] % fFm v T, Femfe)
Consider the function f(x)= _[:(t2 -5t +4)(t2 -5t +6)dt.
(i) Find the critical points of the function f(x).
(i) Find the points at which local minimum occurs.
(i) Find the points at which local maximum occurs.
(iv) Find the number of zeros of the function f(x) in [0, 5). 20
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(b) WA F W densl w1 T 9l 2 9 T: F3 o PO uw Y wew 2, S e §9 @ ahonfa
?:
T(xy, X3, x3)=(x; + x5 +3x3, 2% — X5, 3%, + X5 - X3)
a b, cRENNARER (g b, o, TH @ @R T TH = Pfig

Let F be a subfield of complex numbers and T a function from F3 — F3 defined
by T(x), x5, x3)=(x + X3 +3x3, 2X; — x5, -3%; + X, -x3). What are the
conditions on a, b, c¢ such that (a, b, ¢) be in the null space of T? Find the
nullity of T. 15

(c) ﬂﬁl‘ﬂﬁi‘@f—g—EY@SyZ 8zx-3xy = o%mmaﬁaﬁaﬁ%wﬁﬁ

If the straight line —l)f—g—g represents one of a set of three mutually

perpendicular generators of the cone 5yz-8zx~3xy=0, then find the

equations of the other two generators. 15
4. (a) ¥
1 0 2 -11 2 2
A=|2 -1 3| 3R B=| -4 0 1
4 1 8 6 -1 -1
() ABTYE hifsm)

(i) AR (A) 9 R (B) Trd i)
(i) T e wrdiwon F Fem = g e
x+2z=3, 2x-y+3z=3, 4x+y+8z=14

Let
1 0 2 -11 2 2
A=|2 -1 3| and B=| -4 0 1
4 1 8 6 -1 -1
(i) Find AB.

(i) Find det(A) and det(B).
(i) Solve the following system of linear equations :

x+2z=3, 2x-y+3z=3, 4x+y+8z=14 15

URC-U-MTH/45 4




(b) R T X~ Y = 0, % i S 3 wRdk fig w1 figea P
a

b2
Find the locus of the point of intersection of the perpendicular generators of
2 2
the hyperbolic paraboloid X Y -2z 15
a? b?

(0 et sfuiRa Tors Rl w1 s w6 661 u = x2 +y? + 22 F TW 9E @ A, S
2x + 3y + 5z = 30 T g W@ B

Find an extreme value of the function u = x2 + y2 + 22

, subject to the condition
2x +3y+52z =30, by using Lagrange’s method of undetermined multiplier. 20

©uves—B / SECTION—B
5. (o) = e g €@ A .
xcos(%)(ydx +xdy) = ysin(%)(x dy - ydx)
Solve the following differential equation :
xcos(%)(ydx +xdy) = ysin(%)(x dy—ydx) 10

(b) F9-Fd, Sh g (0, 2) W O, —2) A ToRAT B, T TEHVE TR F1a Hf)
Find the orthogonal trajectories of the family of circles passing through the
points (0, 2) and (O, —-2). 10
() a, b, c% Fu M % foe wfew &=
V =(-4x-3y+az)i +(bx +3y+52) j+(@x +cy+32k

eoff 87 9 V ) ARm Bed ¢ 6 Yaur F §9 F AE HIT | ¢ F I HHC|
For what value of a, b, ¢ is the vector field

V =(-4x-3y+az)i +(bx +3y+52 j+{@x +cy+32k

irrotational? Hence, express V as the gradient of a scalar function ¢.
Determine ¢. 10

(d) T UHEHAM B8, W SR g F §, 0 Th R W @ad 9 /@ a7 F wwdt @ ad @ W
WA T T AR 9, R 19 98 F AR H o §, §U AR ¥ T W Wit A
2| Jae {6 FwEiw | fFa Fu ) 3 faagm w=ui)

A uniform rod, in vertical position, can turn freely about one of its ends and is
pulled aside from the vertical by a horizontal force acting at the other end of
the rod and equal to half its weight. At what inclination to the vertical will the
rod rest? 10
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(e) Th TH! 5 B ABC Q@ i %01, il & &F F1 549 m R, A, Bau1 CWR & gU §1 34
9% %l fag A ¥ BC T F TR @ fag W ©& 9@ P % g0 oraaq wRT STl 31 g iR

2 2 2
frtm g e s o L P74 _—ab+ b & o ap_ qaw BC=b.
2 m a2 +ab+b?

A light rigid rod ABC has three particles each of mass m attached to it at A, B
and C. The rod is struck by a blow P at right angles to it at a point distant from

2 2 2
A equal to BC. Prove that the kinetic energy set up is 1P . —obyb where

2 m q2 +ab+b?’
AB =a and BC=b. 10

6. (o) W= fa=r faft &1 W =&F, 9 sawa wfiww 1 @ Fef, Ik y=e*, T v
(CF) F TH 8 3 :
y”+(1—cotx)y’—ycotx=sin2x

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

y” +(1-cotx)y’ —ycotx =sin? x, if y=e ¥ is one solution of CF. 20

(b) Tu 7w wlew e A, W&l A = (3x2 +6y)i - 14yz j +20x2> E,%ﬁmch-dfamrm
Fremfere, i cfiig (0, 0, 0) A (1, 1, 1) 7 P v @ FER@ R}
) x=t y=t2, z=13
(i) W& @ (0, 0, 0) ¥ (1, 0, 0) Tk St W, TR (1, 1, 0) &= @ T (1, 1, 1) &
(ifi) W& @ (0, 0, 0) ¥ (1, 1, 1) T Sligd W
F ot feufodt & aftony gum &7 SRor f smen ik

For the vector function A, where A =(3x2 +6y)f —14yz}'+20:<z2 k, calculate

.[c A.dr from (0, 0, 0) to (1, 1, 1) along the following paths :
() x=t y=t2 z=1t3

(i) Straight lines joining (0, 0, 0) to (1,0, 0), then to (1,1,0) and then

to (1, 1, 1)
(iij) Straight line joining (0, 0, 0) to (1, 1, 1)
Is the result same in all the cases? Explain the reason. 15

() T8 ADQ I« BTE C R fasm ot R, S9fs AB = BC = CD. 98 U™ ™1 & 4 g%
e 4R T IR p kg, &g A § @FR T 91 T 9K g kg, 95 D ¥ dewmn U ¥ w0
R SdEY|
A beam AD rests on two supports B and C, where AB = BC =CD. It is found

that the beam will tilt when a weight of p kg is hung from A or when a weight of
g kg is hung from D. Find the weight of the beam. 15
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7. (a) @Wuﬂwaﬁwﬁaiﬁﬁq,sﬁﬁﬁﬂﬁﬂ%ﬂf=xyf+yz}+xzkﬁmSW%Gﬁﬁa“
A z=1-x2, 0<x<1, -2 <y <2 % fewm 2, et S SuRgeh sifufmra 2
Verify the Stokes’ theorem for the vector field F =xyf + yz_}'+le€ on the

surface S which is the part of the cylinder z=1-x2 for 0 < x < 1, 2<y<2; Sis
oriented upwards. 20

(b) TTIH TGN 1 FA FH WRAR TH THAT ty” + 28y’ +2y = 2; Y0) =13 y'(0) &=
B, F T W) 1 38 T w1 5 AT ¥7

Using Laplace transform, solve the initial value problem ty” +2ty’ +2y =2;
Y(0) =1 and y’(0) is arbitrary. Does this problem have a unique solution? 10

(€ () TR TFHH T T, MR WHE, Faissdcmamugd i ww
HA WM g R | M WA AN A B ¥ e §) @ R O vk B,
<0 &ferst fererol % srgfem R, g0 Wa fen n ) 39 T B2 W wuig PR

(@) T F0 A VE g a  h R Te gE 1 B T R ¥ A w9 F g
T H - R EeEq g p ) Ry 5w f R F By § gmaw g A 2, @l

V20 =yu? + p2v* —p. 78l p @ IR R

() A square framework formed of uniform heavy rods of equal weight W
jointed together, is hung up by one corner. A weight W is suspended from
each of the three lower corners, and the shape of the square is preserved
by a light rod along the horizontal diagonal. Find the thrust of the light
rod. 10

(i) A particle starts at a great distance with velocity V. Let p be the length of
the perpendicular from the centre of a star on the tangent to the initial
path of the particle. Show that the least distance of the particle from the

centre of the star is A, where V2 = \/p,z + p2V4 —p. Here u is a constant. 10

8. (@ () T awa wfiww g Hifv
(e +1)%y” —4(x + 1)y’ +6y = 6(x +1)2 +sinlog(x +1)

(i) ST THE 9 p2 (2 — y)2 =4(3—y)%amaﬁﬁagaﬁzsrﬁm,aﬁp=%.

() Solve the following differential equation :

(x+1)%y” —4(x + 1)y’ +6y = 6(x +1)2 +sinlog(x +1) 10

(i) Find the general and singular solutions of the differential equation

dy
9p2R-y? =43 - , where p=—"2,
pP°2-y 8-y p g 10
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(b) B WIEA [[VxF-iidS F "M R, sl F=yi+(x-2x2)j-xyk @ S
S

A x2 +y2 +22 = a2 TR Y, N xy-TA F IR
Evaluate the surface integral HV xF-fAdS for F = yf +(x—2m)ji—xyf<\: and S is
S

the surface of the sphere x? +y2 +2z2 =a? above the xy-plane. 15
() TH IR qieEl aren W[ ¢, R g8 w=mm MR, % giRu iR gt & T I w1 T
qftymo B FAE: moawn k ¥ R afee B r IR 7% N 99 P3N €Y 99 (3F) W

mm%,wmiﬁﬁmﬁﬁmw—gﬂ%mammgﬂmwm
M+

r2

AR oiet 1 A T BRI g wor 9 g w1 Rk T )

A four-wheeled railway truck has a total mass M, the mass and radius of
gyration of each pair of wheels and axle are m and k respectively, and the
radius of each wheel is r. Prove that if the truck is propelled along a level track

by a force P, the acceleration is and find the horizontal force

omk?’
r2
exerted on each axle by the truck. The axle friction and wind resistance are to

be neglected. 15

M+

* W K
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1.(a)

1.(b)

1.(c)

1.(d)

1.(e)

QUs ‘A’ SECTION ‘A’
wfm[% o 6} %
1 0 0
@ 4! = 7 forg fomm urfsn for 42 = 4!

1 -1 1
If A={2 -1 0|, then show that
1 0 O

A?=A7! (without finding 47"). 10
wHd AERE B={(0, 1, 1), (1,0, 1), (1, 1,0)} F aN& V,(R) R IRy W=
WHRSE : T(a,b,c)= (a+b, a—b, 2c) ¥ Gaf¥a g 71a Fiforg |

Find the matrix associated with the linear operator on V3(R) defined by
T(a, b,c)= (a+ b, a— b, 2c) with respect to the ordered basis
B={,1,1),(1,0,1), (1, 1, 0)}. ‘ 10

ﬁﬂTW%:

A(x)=

f(x+a) f(x+2a) f(x+3a)
f(@) fQa) fBa)
fl@) [f'Cx)  f'Ga)

Vel f T afas-A Saeeid B § 991 o Th SRR © |
S
Given :

f(x+a) f(x+2a) f(x+3x)
fl@) fQa)  f(x)
fll@)  [f'Ca)  [f'(Gx)
where f is a real valued differentiable function and « is a constant.
A(x)

Find lim —=. 10
x—0 X

Ty fF e*cosx=1 & Fordl QA T F T F e*sinx— 1 =0 T & T T T
faemma 2

Show that between any two roots of e*cos x = 1, there exists at least one root of
e*sinx—1=0. 10
G e H gHIER Fa Fifrg ek swe,

_y_z ¥
=—==> & GHMRR
¥==3 53 g

T R fys-aw x2+2y2=1,2z=0 |

A(x)=

HXS-U-MTH 2



2.(a)

2.(b)

2.(c)

3.(a)(1)

3.(a)(ii)

3.(a)(iii)

3.(b)

Find the equation of the cylinder whose generatofs are parallel to the line

x=—%=§ and whose guiding curve is x*+2y* =1, z=0. 10
aufzn f ¥ wae, S 5 F ax? + b2+ o2 =0 R d@ TR F Hed T,
2 2 '
3

+-2 4 Z =0 & @ W % |

k]
b+c c+a a+b
Show that the planes, which cut the cone 'ax?+by*+cz>=0 in perpendicular
2 2 2
generators, touch the cone X X4 Z_=o. 20

b+c c+a a+b
fem @ R f(x, ) = |¥2—»*|, T £,, (0, 0) 1 £, (0,0) T R | 3FeT: TTEy
% £,,(0,0) = £, (0,0) |
Given that f(x, ) = |x*-)?|. Find £, (0, 0) and f,, (0, 0).
Hence show that £, (0, 0) = £x (0, 0). 15
awizn fF S={(x, 2y, 3x):x, y IAREE wEN ¥ RA(R) T TH ITEAE R |
S ¥F A R 7 e | S F fmr it s fiferg |

Show that S = {(x, 2y, 3x) : x, y are real numbers} is a subspace of R3(R). Find two

bases of S. Also find the dimension of S. 15
¥ o(u,v
e u=x2+)% v=x2—)?, SRl W x=r cosb, y=rsinf g, o 5%7; F1d A |
. d(u, V)
If u=x2+)%, v=x2—)?2, where x=r cos, y=rsin6, then find 3-.6) 7
x 1
R [fydi=x+[tf(t)at 2, @ fQ) F AW Ta HfA |
0 x .
X B |
If [ f(t)dt=x+ [tf(#)at, then find the value of f(1). 5
0 x
b &
I(x—a)'"(b—x)”dx P NeT-Fad F &9 F H HiC |
b
Express I (x —a)™(b - x)"dx in terms of Beta function. 8

SR B W T W WG 0 ¥ IeRal ¥ qan s @ 4, B, C fergt
W® @A &1 O A @GR ABC R W T we-ug @ fagra W i |
A sphere of constant radius r passes through the origin O and cuts the axes at

the points 4, B and C. Find, the locus of the foot of the perpendicular drawn from
O to the plane ABC. 15

3 HXS-U-MTH



3.(c)(i)

3.(c)(ii)

4.(2)(1)

4.(a)(ii)

4.(b)

4.(c)

fog @it 5 & awdfos wafa seE & @ fm afeefe @ ¥ @
Ffvaates afew, wifas € |

Prove that the eigen vectors, corresponding to two distinct eigen values of a real
symmetric matrix, are orthogonal. 8

Qs 4 F B T Bfe, 2 ¥ % fg aui B s (4B) = sma
(BA) | 3@ <ufzq % AB-BA#I, S& I, @ 2-%f¢ &1 qwws g § |

For two square matrices 4 and B of order 2, show that trace (4B) = trace (BA).
Hence show that AB— BA #1,, where I, is an identity matrix of order 2. 7

frafafea sregg @ dfe-waFia dume w9 & wamem At @ a3 sadh
Hife dt w9 Hifsa |

4 1
2 0
6 2
3 0 6

Reduce the following matrix to a row-reduced echelon form and hence also, find
its rank :

— N NN

OO W
—

1 3 2 4 1
1 of 0 0 2 2 0
f2ne 2 6 2
3 9 1 10 6 10
Eﬁ%ﬁ'@T@ﬂWWA:(? ‘(')’) & sfterelies @ w9 sl
afest &1 s g |
Find the eigen values and the corresponding eigen vectors of the matrix
A= ((z) 6’), over the complex-number field. 10
qufsy 6 TEieR s 12 + )23 = 0P W W dEwa g—na2 g1
Show that the entire area of the Astroid : x> + y2/ 3=4*3 s %ﬂaz. 15
Tarsit
x4l 343 iz45
3 5 y
X=2. y=4  z-0
1 3 5

W IATE FA AT FHAA H GO T A | T @t F wheog fig @
Mt ;@ ifg |

HXS-U-MTH 4



5.(a)

5.(b)

5.(c)

5.(d)

Find equation of the plane containing the lines

X+l y+3 z+4J

b

3 5 s
x2=2 y~4 z-—8
I % 5 ¢
Also find the point of intersection of the given lines. 15

qus ‘B’ SECTION ‘B’
el GHIET ;

dy

dx®

H 7 R |

Solve the differential equation :
2

d’y
—= +2y=x
dx? 7

aTeE TR faftr &1 v aRd gu IR AW e

2

+2y = x%e> + e*cos2x

23 + e*cos2x 10

Z_{+4y = sin2x; p(0)='(0)=0
X

& B T |

Solve the initial value problem :
’y
d—2+4y=e'2xsin2x; y(0)=y'(0)=0
- dx
using Laplace transform method. 10

A B LM T MN fag M R a1 & 38 ¥R 5t € 6 (LM)2 + (MN)? = (LN)?
T F WA ¥ § wraEed § BR fog L W & € | 7 fe qF v st
&1 Ufd Tehish TS, R o § | B9 LM 1 TR o & w59 o @ set f

T F 'Y A A R |

Two rods LM and MN are joined rigidly at the point M such that
(LM)*+ (MN)?=(LN)? and they are hanged freely in equilibrium from a fixed
point L. Let @ be the weight per unit length of both the rods which are uniform.
Determine the angle, which the rod LM makes with the vertical direction, in terms
of lengths of the rods. 10

afe uw wg, S @ & aRa: g wen A ofomo axar @, e el @ § A
e v @, O 9¢ @, Sed 9w @ # iR smom, @ S | ms ey & T
H UE & IR AEdH AT W wa Fifora |
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5.(e)

6.(a)

6.(b)

If a planet, which revolves around the Sun in a circular orbit, is suddenly stopped
in its orbit, then find the time in which it would fall into the Sun. Also, find the ratio
of its falling time to the period of revolution of the planet. 10

e & v2| v.

~ vy

=£4,G{é' ?:x{+y}+2’2%|
r

)
Show that V2| V. ;

= =, where 7 = xi +y] +zk. 10
r i

ww TR 3, Few wa e A R, @ farget ¥ o R W
T), Ty, T; SN K& & o9 & forgatt 4, B, C R 7@ &, fm = & & &
g A AT, T SR B T GHIGR Hgl F § | 7 R 8 F 4B 7 BC Wit
%WWT:wIWwZ%Iﬁ@ﬁﬁQ )

37,

) T,, T, T, & TIHS A& = — 2
O D 3 1+2cosf
. 5w

(i1) T, @,

A heavy string, which is not of uniform density, is hung up from two points. Let
T,, T,, T; be the tensions at the intermediate points 4, B, C of the catenary
respectively where its inclinations to the horizontal are in arithmetic progression
with common difference f. Let o, and w, be the weights of the parts 4B and BC

of the string respectively. Prove that
3%

i) Harmonic mean of T, T, and 73 = ————
@ # e 7 1+2cosfB

5 o
(ll) 73—(0_2 20

Tt s (wRe) RO A quia gU EEie
d’y
dx?

T w1 ¥ T PR

Solve the equation :
dy
dx?

2

+ (tanx — 3cosx)3—y +2ycos’x = cos*x
» _

d
+ (tanx — 3cosx)d—y + 2y cos’x = cos*x
x

completely by demonstrating all the steps involved. 15
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6.(c)

7.(a)

7.(b)

7.(c)

8.(a)(1)

¢ Ao
. : . —yi +xj
St C, xy-g9ae ¥ UF @fesd dgd o6 & 991 F = 215 ®

e Bt i 15

T FENE ¥ 2 +22=9 TN x=2 TR UREG 8 R F = 2x2pf — y2] + dxz?k
F foru e s W @ garfya $ifso |

Verify Gauss divergence theorem for F = 2x2 yi - yzj' +4xz’k taken over the
region in the first octant bounded by y? +z2=9 and x=2. 20

Fahel FHIH

5 2
2 dy (dy
1 =xy—+|—
yilogy =i e

& 3t §E B WIa A |

Find all possible solutions of the differential equation :

yzlogy=w%+(%)2- 15
TF AR F0 g s A s 3 ¥ wE R fag & dm R qwn (2gn I @ dfew
fan 3 waft o o 190 2 >h>a %, @ g A fr v firg 2
L(a + 2h) S0 TR w A B 3y T T @ wh 2 | 7 o g B

S8 F R weuw fag & IR W st Ird (4a—h)a+2h)° 4
27a*

A heavy particle hangs by an inextensible string of length a from a fixed point

5
and is then projected horizontally with a velocity \[2gh. If 7‘1 >h>a, then prove

that the circular motion ceases when the particle has reached the height %(a + 2h)

from the point of projection. Also, prove that the greatest height ever reached by
(4a — h)(a + 2h)*

the particle above the point of projection is 5 15
27a
T wEa g
2 2
o Y ___1; a>b>0 IR T I A & W= T,

e
a?+A b +A

F daaig w¢ T Hifrg | quls fe fear o aw-ga weifas R
7 HXS-U-MTH



8.(a)(ii)

8.(b)

8.(c)

Find the orthogonal trajectories of the family of confocal conics ®
2 2

- y . .
+ =1; a>b> 0 are constants and A is a parameter. "

a+A b+ L4

Show that the given family of curves is self orthogonal. 10

2
Fachel THIHT : d 2x(1+x)—+2(1+x)y 0 T SIS B 1T Do |
X

I FEAH R ; dy 2x(1+x)—+2(1+x)y-x3a?r‘;rr-'a?—rﬁam
X
fafy grr = difsTg |

Find the general solution of the differential equation :
2

xz;l—“;—2x(l+x)d—y+2(1+x)y = 0.
x

o
Hence, solve the differential equation : x? T y -2x(1+ x)— +2(1+x)y = %
x

by the method of variation of parameters. 10

TIHM m HTE w0, R e g F W o4 F ' dfes foor F w9 @
AW At fear # waow fog § oA A9 FEATR wWaw # wafta e s g,
Iht G T4 97 1 quie Afrg | afe o A SE o @ SE AR wWaw # A
4[g & @ vafE fF smar 8, @ o wdt & ot & fogma @ sft faffa

Fifeg |

Describe the motion and path of a particle of mass m which is projected in a vertical
plane through a point of projection with velocity u in a direction making an angle
6 with the horizontal direction. Further, if particles are projected from that point in

- the same vertical plane with velocity 4J_g_ , then determine the locus of vertices of

their paths. 15
e i & 9w & g [[(Vx F)-ds @ Am fraferg, st w

S
F=0G2+y—-4)f +3xyj +Qxy+2°)k TAT S, Wadast z=4—(x* +y*) &1
Xxy-Tdd ¥ IR W Y8 B | Tl A, S R THe Afeqdl Afdes afey # |

Using Stokes’ theorem, evaluate H (Vx?‘)-ﬁdS,

s
where F = (x? + y—4)i +3xyj+(2xy+2z*)k and S is the surface of the paraboloid
z=4—(x*+y?) above the xy-plane. Here, 7 is the unit outward normal vector
on S. 15
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Tfita / MATHEMATICS
T94-9A 1/ Paper 1
RaffRa a7 : &7 e i . 3T 3F : 250
Time Allowed : Three Hours Maximum Marks : 250
T9A-a wraeeft fave srgew

FGAT TFA F I 37 @ GF [AEAlerIad e I3V &1 qAgEE 95 -

54 318 77 & 7 31 @vst 4 fayifaa & aen i@t skt srt G191 F 99 gu

qhiamrelf 1 o7 aier Fol & I 37 8 |

Yo7 ger 1 3k 5 fFardt & aor @1 3o § @ Y% @S 8 FH-G-FH Uk Y9 G fbg] a7 5ol & I e |
% o/ 97 & 3% 3G G T T |

Yol & I I Fifgma qrean 7 for@ T 9y fad 3g@ e Fav-yF § [T 7 8, 3 39 aredw 1 e
PTG FH-TE-FN (R.91.T.) Ja® & J@-758 W [l T T 33971 FAT 9130 | Fifsa areqm & itk 373
fad arem 7 for@ e 3 W FE 3 T A /|

I3 STAEIF Fl, T IIYE HIFS FT TIT FING AT FTH! [ FAT /|

9 7% Iloaiad 7 &, GHa adl ATaA] Falcid TIE FIT 7 5FH & |

T % IR #) T FAFER #) A | TR T TH F, @ T F IR T F S TR TE IR S R 7
& | FoT-TE-I (F.H1.T.) YT 7 @Icht SIgT §371 53 91 3% 379 ) T &Y & HIT T 3T /|

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.

Questions no. 1 and 5 are compulsory and out of the remaining, any 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 (QCA) Booklet must be clearly struck off.

CRNA-F-MTH 1



@ A
SECTION A

Ql. (a) fug HhifS i n fonfia afes gufe v fou n Wawa: waa afestt =1 w18 ot

=g V & T 0 MgR sHaT R |
Prove that any set of n linearly independent vectors in a vector space V
of dimension n constitutes a basis for V. 10
1 ot
; 1
(b) HFAIT:R2— R3 U g qawor, o 2 6 T(o]z 2| qen T(1J= 2
3 8
2
¥ion ; % Td HINT |
. 1
Let T : RZ — RS be a linear transformation such that T(O) =(2| and
3
N 2
T()z 2 1. Fna’l .| 10
1 4
8
1
(c) lim (e* + x)* & A9 Feife |
X 2> o0
1
Evaluate lim (e* +x)*. 10
X —> 00

2

) I & srfrriar w1 e Sif |

(2x — xz)

2

; dx

Examine the convergence of T 10
(2x — x“)

CRNA-F-MTH 2



Q2.

(e)

(a)

(b)

(c)

T R qHad T R f6g (a, b, ¢) & T 2 a1 & H HAM: A, B C
forgatt w fireran 2 | famgatt O, A, B @1 C & T9d §U Tt o s 1 feimguy
T ifer, &l O qei-fog 2 |

A variable plane passes through a fixed point (a, b, ¢c) and meets the axes
at points ‘A, B and C respectively. Find the locus of the centre of the
sphere passing through the points O, A, B and C, O being the origin.

freafafga wfieor e & aft gat +t afe-aara fafy @ T hif .
Xy + 2X9 —Xg = 2 '
2x1 + 3X9 + 5X3 =5
—X1—3xX9+8x3=-1

Find all solutions to the following system of equations by row-reduced
method :

Xy + 2X9 — Xg = 2

2X1 + 3X9 + 5x3=5

— X1 —3Xg + 8xg =~

@laﬁlﬁ%aﬂaﬁawﬁﬁmm:@aﬁwmaﬁ%mﬁﬁ@
T R | T Y Afuiia o fafy w1 sEm s, 3w 9w @ e feg o
A% b ANTheT T AdH W FTd HIIT |

A wire of length [ is cut into two parts which are bent in the form of a
square and a circle respectively. Using Lagrange’s method of
undetermined multipliers, find the least value of the sum of the areas so
formed.

2 2 2
Ik P,Q R; P, Q, R, T farg & el :—2+§—2+Z—2=1 W B (frew)

WW%Wlx+my+nZ=pﬁWPQRﬁEﬁﬁ%,mﬁﬁ
oY 2 i loo, wwae PQR H Fref a d |
a“l b’m .e"n P :

If P, Q R; P, Q, R are feet of the six normals drawn from a point
2 2 2
to the ellipsoid x_2 + 12— + z—2 =1, and the plane PQR is represented
a b c
by Ix+my+nz=p, show that the plane P'QR’ is given by
y % 1
"B gk e sk e 0.
8t h'm ¢en . P

CRNA-F-MTH 3

10

15

15

20



Q3.

Q4.

(a)

(b)

(c)

(a)

X
A, T =y
Z
gfew gafee R(R) & @fesii 1 v aqg ? | q

() Tag Fifse % P, R3 I v IyEmfe 2 |
(i) P T ur o fomr 3ma hifSo |

x—y—z=0?liﬂT

2x—-y+z=0

X

x—-y—-z=0and
Let theset P=<|y

2x—-y+z=0

be the collection of vectors of a vector space R3(R). Then

(i) prove that P is a subspace of R3.
(i1) find a basis and dimension of P. 10+10

ST, T 1 TN Hh, I x2 + y2 = 4 TA WA y2 = 3x F IS
S%E T IRETH I |
Use double integration to calculate the area common to the circle

2 + y2 = 4 and the parabola y2 = 3x. 15
Tgan Hwrer s % et w1 wefienr sd i S et e

x—3=y—8=z—3 qon x+3=y+7=z—6 aﬁmm%|
& Sy Y e 4

Find the equation of the sphere of smallest possible radius
x-3 y-8 z-3

which touches the straight lines sy and
x+3=y+7=z—6. 15
-3 2 4

s fas ufafm T: R2 > R2 5@ Hifse st 76 R? % 73 afew 1 0 w0

F gm 3@ 2 | 7 oft fag iR fe e_“ %%Q T FE ot STTEER
A (SEaH) RE & R |

Find a linear map T : R2 — R? which rotates each vector of R? by an
angle 0. Also, prove that for 6 = g, T has no eigenvalue in R. 15

CRNA-F-MTH 4



(b) Wy2x2=x2—a2W$ﬁ@(3ﬂ)ﬁﬁQ,ﬁﬁa@Wﬁ?ﬁW%I

Trace the curve y2x2 = x% — a2, where a is a real constant. 20

(c) q\%mux+vy+wz=0,$i§ﬂ2+by2+cz2=03ﬁﬁaﬁqﬁﬁm
g, afrg R s b+c)uZ+(c+a)vi+(a+b)w2=0.

If the plane ux + vy + wz = 0 cuts the cone ax? + by? + cz2=0 in
perpendicular generators, then prove that
b+c)u?+(c+a)vi+(@+b)w?=0. | 15

CRNA-F-MTH 5



Q5.

(a)

(b)

()

(d)

s B
SECTION B

TITSU T Sfareher gefieRom ?+Py=Q 1 AH &
X

e Qoeirinfo, [ursg@)

2

Show that the general solution of the differential equation ? +Py =Q
3

can be written in the form y = % LoiRax {C + J‘eJ Pas d(%)} , where

P, Q are non-zero functions of x and C, an arbitrary constant.

sy foh et % o @ x2 = 4a (y + a) % i T3, I e o
fevra 21d € | »
Show that the orthogonal trajectories of the system of parabolas :
x2 = 4a (y + a) belong to the same system.

w R 1 T U8, 0 5 & g FC UF ®& FHqA W @ 2, w¥r qunick
tan 0§ ek B | i #t wHadt W I A TWE b g a9 R-fR Sy o

I9E R fomg 7 ©iwm A e v s @ s Hife, s'f o

A TS M H THAA o THH 2 | _

A body of weight w rests on a rough inclined plane of inclination 6, the
coefficient of friction, u, being greater than tan 6. Find the work done in
slowly dragging the body a distance b’ up the plane and then dragging it
back to the starting point, the applied force being in each case parallel
to the plane.

TH T8 |2gh I & @y fag O ¥ vafia fF mn awn gwaw % fag
P(x, y) W T¥3@ ¥ THIQ1 2 &l 31§ OX 7o OY shawn: fomg 0 & &fw
AT AUE Feate W@l § | e g@uw i & Gva fad gwwm w F, @
TuisY T x2 = 2hy a9 89w 1 Gue fwnedi § &, F01 POX #1 el
AR | ‘

A projectile is fired from a point O with velocity ,/2gh and hits a
tangent at the point P(x, y) in the plane, the axes OX and OY being
horizontal and vertically downward lines through the point O,
respectively. Show that if the two possible directions of projection be at
right angles, then x2 = 2hy and then one of the possible directions of
projection bisects the angle POX.

CRNA-F-MTH 6
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Q6.

Q7.

(e)

(a)

(b)

(c)

(a)

- A A -

zise 6 A —(6xy +29)i + (8x2-2)j + (3xz2-y)k Wﬁ% | q)iﬁ
%ﬂsrmﬁﬁrqaaﬁ A = V0.

Show that A —(6xy +z3)1 + (3x2 —z) j + (3xz2 —y)k is irrotational.

Also find ¢ such that A = Vé.

9] TS HT TH R (Ffaa) fmew 9r w fd 3o (Ife) TR B, @
aftw Y& % 3 fomgall P aon Q @ wedhl & ® | quisy fk an i fawqfa

(&) 21[1_3_J% et b T % e i g R e e

A cable of weight w per unit length and length 2/ hangs from two points
P and Q in the same horizontal line. Show that the span of the cable is

2
21 (1 - 25};7], where h is the sag in the middle of the tightly stretched

position.

grera-fereror faftr <1 3t ek, frefafaa stesher aiehor
(x2 —1)dxy 2xgx+2y—(x e

H1 7 HIFT, TaT FurIa e 1 T g y = x fean T 7 |
Solve the following differential equatlon by using the method of

variation of parameters : YD gxy 2x :i + 2y = (x2 —1)2, g1ven

that y = x is one solution of the reduced equation.

guae § W9 & 9T 6 § (3x2 — 8y2) dx + (4y — 6xy) dy & fou wenfua
ST, 98 C, x=0, y=0, x+y= 1R RoAE &1 1 e 5 B |

Verify Green’s theorem in the plane for § (3x2 — 8y2) dx + (4y — 6xy) dy,

. C
where C is the boundary curve of the region defined by x = 0, y = 0,

x+y=1.

N~ LT LY G S 8 o

TS i x+y+ z—1tﬂwﬁaﬁﬁm|
/\ A

Verify Stokes’ theorem for F =xi +22j + y2k over the plane
surface : x + y + z = 1 lying in the first octant.
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Q8.

(b)

(c)

(a)

ATATH TGN T I9FTT Hleh f=Aferfigd Il o quer -

d%y _dy . 2, 0<t<d,
—= —3—= + 2y = h(t), h(t) = 0)=0, y'(0) =
P e (t), ST& h(t) {0, b y(0) y(©0)=0
I g HIfT |
Solve the following initial value problem by using Laplace’s
2
transformation jt—g - 3—{ + 2y = h(t), where
2, O<t<4
b=y’ © y(0)=0, y(0)=0 15
(t) {O, a0 y(0) y'(0)

am ot Wt SITREE-EE #1 U doF g fRR Sod W wgfid ?, it 9
gt 1 TERR w7 qun IvAfTse woei@n &fow R | e A et & et
fog W 3eht st Breamd p den o # ot wewe forg @ 98 AeR % e g

1 S h 2 | Tulee 5 wumh T & S So wqf 2 AR h<pPTP'p,|

Suppose a cylinder of any cross-section is balanced on another fixed
cylinder, the contact of curved surfaces being rough and the common
tangent line horizontal. Let p and p’ be the radii of curvature of the two
cylinders at the point of contact and h be the height of centre of gravity
of the upper cylinder above the point of contact. Show that the upper

’

cylinder is balanced in stable equilibrium if h < % ; 15
p+p
1) WH’FﬁW:(x2—a2)p2—2xyp+y2+a2=0,\—sr€fp=?,a?
>
= 9 fafem sa & 3@ Aifw | = 9 fafm gt & &=
S dey 1 ot G |
Find the general and singular solutions of the differential

equation : (x2 — a2) p2 — 2xyp + y2 + a2 = 0, where ng—y. Also
X

give the geometric relation between the general and singular

solutions. 10

(i) f=fafaa stawa adfteo #i ga Hifvm -

2
(3x+2)2d—z+5(3x+2)d—y—3y=x2 +x+1
) dx 2 dx
Solve the following differential equation : 10

2
(3X+2)2:—X%+5(3x+2)gx—y—3y=x2+x+1
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(b)

(c)

n SR THEH B9 Hl Th TEA TH-GH & 1Y oo &9 & I g8 & a0
7% T RR A, @ @ikl g & | T Afet s P Een % g RR Ay, W
T T R | A TR W st Seater WEr | S8l % gehd J1d Hive |

A chain of n equal uniform rods is smoothly jointed together and
9

suspended from its one end A;. A horizontal force P is applied to the

other end A, ,; of the chain. Find the inclinations of the rods to the

downward vertical line in the equilibrium configuration.

TIE & YW YHY H1 ITAT J‘f).ﬁ’ds %1 A9 fewifee, &

- A A A S
F=xi-yj+@2-Dk @S, =& z2=0, z=1, x2 + y2 = 4 g’ &A1
B3 9 ® |

_>
Using Gauss’ divergence theorem, evaluate .U F.n dS , Where

- A A A S
F =xi —yj +(z2 — 1)k and S is the cylinder formed by the surfaces

z=0,z=1, x2+y2=4.

CRNA-F-MTH 9
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CIVIL SERVICES (MAIN)EXAM- 2023

i (W99-9= 1)

MATHEMATICS (Paper I)

AT DETACHABLE

fEiRa aaa : T o Sifepaq 3 : 250
Time Allowed : Three Hours Maximum Marks : 250

UA-U weaeet faw srgesr
IR W F oo Frafafaa il =t womn e o3 |
T 915 T S wvst # fnform ¥ aur R ok ool 3Rt o w ¥

SHIGaR A FoT Ui Y] 6 IW A § |
m?ra'@zn13ﬂtsaﬁaﬁ%waﬁmﬁﬁ%u@am%m-ﬁ—m@mwaﬁw
T & IW I |

Wl W /9N & forg e st s wm R o € )

W % SR I g mem # ford s wfen, R seora s vaw-w 3 R w2,

3R 36 HISTH T Ird U-e-IWR (T, ) g F 7a@-y8 W fifdy e w R
ST =ty | sifeg wem < sififen s R wmem § R 0 SR R 9 s T R |

Al AT B, A SYh ATl B T ARG AT I il i |
S T Sfeeifd 7 W, Wb AT reqreelt yEferd A # wgeh # |

WAl % FEI T AT FAGER B SOGH | 9f Her T D, @ W 9w A o
T q& IR SE: A o R | - we-swR gk ¥ @t St e s a1 g siv @ @
&9 ¥ FT ST 97T |

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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1.(a)

L(b)

1.(¢)

1.(d)

1.(e)

gus ‘A’ SECTION ‘A’

qH A ¥V, =(2,-1,3,2), Va=(-1,1,1,-3), ¥3=(1,1,9,-5) @f® R* & &
alRy €1 =W (3,-1,0,-1)e Tl (v, v, 3} ? 3w SR R ohafea fg
Hiforg |

Let ¥V, =(2,-1,3,2), ¥,=(-1,1,1,-3) and V3 =(1, 1, 9, -5) be three vectors of the
space IR*. Does (3,-1,0,-1) € span {V,, ¥, V3} ? Justify your answer. 10

Tx,y,z2)=(x+z,x+y+2z 2x+y+32) R fou g e R
T: R3— R & @ife o yrar sa Hifvg |

Find the rank and nullity of the linear transformation :
T: R3>IR? given by T(x,y,z) = (x +z, x +y + 22, 2x +y + 32) 10

p T g F A AW Frafr e frg lim ZLEPCSD IS o g §

x—0 X

] FEE

x(1+ pcosx)—qsinx

Find the values of p and ¢ for which lim 3

exists and equals 1.

x—0 b 10
1 log x
w | 1+xdxa€rarﬁmﬁmmqﬁma?rﬁml
. ¢ 1 log x
Examine the convergence of the integral R 10

wF R e, s 6 ge-fag 0 R @ 3p R #, e @ s fawgsi 4, B,
C ™R & § | eufzy fr wqsheis O4BC & S o1 famgua

e T T
9(7*“7*—2}*7%'

LEERE R p

A variable plane which is at a constant distance 3p from the origin O cuts the axes
in the points 4, B, C respectively. Show that the locus of the centroid of the

tetrahedron OABC is

R I Y
9(_2+_2+_'2'J=_2" w

SRR SRS p
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2.(a)

2.(b)

2.(c)(i)

2.(c)(ii)

3.(a)

af 3R {(1,0,0), (0, 1,0), 0,0, 1)} % &rer YRewh wHRW 72 R3—> R® 1 oG8

i1 3

{—1 2 1]%,

0 1 3

@ mER {(1, 1, 1), (0,1,1), (0,0, 1)} & &N& TH Aegg WA Y |

If the matrix of a linear transformation 7 : IR3>— IR? relative to the basis
{(1,0,0), (0,1,0), (0,0, 1)} is

11 2
-1 2 1
0 1 3

then find the matrix of T relative to the basis {(1, 1, 1), (0, 1, 1), (0,0,1)}. 15
A WS Z = 502 +y?) R Z = 6-Ta2—)?
& o R 3 & s # Ul A B s @ AW Frefio |

Evaluate the triple integral which gives the volume of the solid enclosed between the
two paraboloids Z = 5(x2 +y?) and Z = 6 — 7x% - 2. 15
quise for wefiemor 22+ 3)2 — 8x + 6y — 122+ 11 =0

T Qe Raeas weiia oRar € | @ @ 9o s iR er wwaet @ s W
Hifsg |

Show that the equation 2x?+3)?—8x+6y—12z+11=0 represents an elliptic
paraboloid. Also find its principal axis and principal planes. 10

m§+%+§=1,ﬁﬁaﬁa§ qEl F FAW: 4, B, CH feran ® | g R 5w

o 0 & 39 4BC A frem awelt Yawit grr s g @ wfeRw

yz(%+§)+zx(§+%)+w(§+%)=0 gl

The plane % 2+ % = 1 meets the coordinate axes in 4, B, C respectively. Prove that

b
the equation of the cone generated by the lines drawn from the origin O to meet
the circle ABC is

yz(-g+—z-)+zr(—2—+%)+x){§+%)=0. 10

100
ﬁmw%A=[1 0 1J
010

(i) 3gE 4 & TR -fee Wi = aanfa $Hif |
(i) iR i n >3 & T’ 47 =42+ 42— 1; el 1 R 3 1 e s # |
HATT A4 w1 Hifvrg |
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3.(b)

3.(c)

4.(a)

4.(b)

107N
Let A=[1 0 1
010

(i) Verify the Cayley-Hamilton theorem for the matrix A.
(i) Show that 4"=A"2+A4?—] for n=3, where I is the identity matrix of

order 3. Hence, find 4%°. 10+10
ad afeq qufsd 5 (0, 0), W6 f(x, y) = 24 — 3x2y +y? o wRw-forg B s 7 |

Justify whether (0, 0) is an extreme point for the function f(x, y) = 2x* — 3x%y + 2.
15

I 22 +y2+ 22— 4x -6y +2z2—16=0; 3x+y+3z—4=0'§ FE ﬂFR%f qe M
& g e @ feafmat | s fifsg )
() &= (1,0,-3) M w® & |
(i) fear 7 g9 MW F T Fwq I A
Find the equation of the sphere through the circle

P4y’ +2-4x-6y+2z2—16=0; 3x+y+3z2-4=0
in the following two cases.

(1) the point (1, 0, —3) lies on the sphere.

(i1) the given circle is a great circle of the sphere. 15
12 %1%
s -1 3 0 4
bl TR
W L0 RN

H Ufeh THMIG A9 &9 § GHFET 9Reh SaH Sie Hd AT |

Find the rank of the matrix

1. 2.+ -8
-1 3 0 4
o s e 13 a5l
bl o
by reducing it to row-reduced echelon form. 15
TH Y2 - 1)=2x—1 H IRfaa Ay |
Trace the curve y2(x2—1)=2x—1. 20
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4.(c)

5.(a)

5.(b)

5.(c)

ﬁ@ﬁﬁq%@aﬁy=mx,z=c;y=—mx,z=—c3ﬁ'(

A2 +)y2=a?, z=0 9 e arelt Yar & fog-um
m*(cy — mzx)* + cXH(yz — cmx)? = a’m* (2> - A)* © |

Prove that the locus of a line which meets the lines

y mx, z = c; y = —mx, z = —c and the circle x> +y*=a?%, z=0 is
2m*(cy — mzx)? + cH(yz — emx)? = a®m*(22 - c?)>. 15

Qs ‘B’ SECTION ‘B’

R e + 2= 20022, y(0) =11 &t y = e 1447 enf ()] B
HTH Hif |

d
Obtain the solution of the initial-value problem -j:— -2xy=2, y(0)=1 in the form
y=e" [14T erf (x)]. 10
fe w0 & L{s(); p} = F(p).

asﬁsqﬁs.[f(’)dz IF()dxmwmf dtiﬁrﬂﬁmiﬁﬁml

Given that L{f(¢); p} = F(p).

-3t
Show that I f(t) dt = IF (x)dx Hence evaluate the integral I——dt. 10

ALAE ‘a ‘ﬂ@éﬂﬂ(ﬁﬁg{)qmm%@%ﬁﬁwwﬁmaﬁaﬁmﬁ
T g1 R | S 1 ot e RRR R | e 0 9 R W W o U wHe
HAAS T8 FEANR H 45° F DO S g I RRT AR F geR 9AT Ao W
fewme € | FR wdur @w wvg ¥, a9 cuzu

g_\/§+5
442
qER 3R Sew i wfafre st s St |

A cylinder of radius ‘@’ touches a vertical wall along a generating line. Axis of the
cylinder is fixed horizontally. A uniform flat beam of length ‘I’ and weight ‘W rests
with its extremities in contact with the wall and the cylinder, making an angle of 45°
with the vertical. If frictional forces are neglected, then show that

a J5+5
42

Also, find the reactions of the cylinder and wall. 10
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5.(d) F F Fg 0’ F TN Wad FA T F WY W Aad qfa § afonher ® | w0 foeg
P¥ OP ¥ sfew fsm & v 3 ¥ ToRaT ® T OP=p B | T W fog P W T
aﬁzﬁﬁmmmaﬂﬁqw&wwg A, A p F T T BT ?

A particle is moving under Simple Harmonic Motion of period T" about a centre 0.
It passes through the point P with velocity v along the direction OP and OP =p.
Find the time that elapses before the particle returns to the point P. What will be

the value of p when the elapsed time is g ? 10
5.(¢) AR @ =sin0i+cosb j+0k

b =cosfi- sinO}-— 3k

c=2i+3j-3k

A aRy W ax(bxc) ¥ 0 F ARG AN & T, e=% IR =7 | Q@
Hifoa |
If =sin6f+cos6}+0/?r

FIRS
a
b =cos@i- sinG}—3ir
C=2i+3j-3k

then find the values of the derivative of the vector function Zx(_l;x?) wrt. 0
at0=12t- and 0=m. 10

6.(a)  HTRA THIH :

3 2
113— d—}2i+4-dl—2y=ex+cosx
dx dx dx
F T HIf |

Solve the differential equation :

%— %+4%'—2y=e"+cosx. 15
6.(b) wmﬁwmmﬁgolﬁaﬂvwaﬁa%maﬁwemmmﬁ
v e srar € o &R wa R, ¥ | AR @ g g 0,, S St iR T
# 0, ¥ wwAtRa: h ¢ R ¢, A 9 Iy 7w AR ¥ T A 6 W WA

frr wrar @ @ @fow WE R, ®

1 2gh
fag A R,> R, & (R,—-R)): R, = 5{\K1+_2_.g_—)—1}: 1

v?sin’ @
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6.(c)

7.(a)(i)

7.(a)(ii)

7.(b)

When a particle is projected from a point O, on the sea level with a velocity v and
angle of projection 6 with the horizon in a vertical plane, its horizontal range is R,.
If it is further projected from a point O,, which is vertically above O, at a height
in the same vertical plane, with the same velocity v and same angle 0 with the
horizon, its horizontal range is R,. Prove that R, > R, and (R,—R,) : R, is equal to

2 (1+ s )—1 ‘1
2 v?sin? 0 15

qHTSA J‘I(Ziyzzz i+ 4zzx2f+ z2y? 12) -ndS
S

H A TG HIT; STel S GHAA 2= 0 F TR IS 42 + 4y? + 422 = | & FH WA
R 3R xy-vHad TR IReg § | AT E-ATERT T R gAIG HIT |

Evaluate the integral _”(3 y222 i+4z%x? f+ 22 y2 I’E) -ndS ,
S

where S is the upper part of the surface 4x? + 4y? + 422 =1 above the plane z = 0 and
bounded by the xy-plane. Hence, verify Gauss-Divergence theorem. 20

dy 2xy3+2
A FHIG : = =——22 " °_ 3 g Wi HH |
dx  3x%y? + 8¢V

3
Find the solution of the differential equation : & = —% 10
dx  3x°y° +8e"
T x2p? +y(2x + y)p + Y2 =0 & AT y=u 3R xy=v TR FA &7 &
AT HIQ | 3@ el o g fierforg ok gufsn % y+4x =0 s@ew
e & uw fafew v R
Reduce the equation x2p? +y(2x + y)p + y*= 0 to Clairaut’s form by the substitution
y=u and xy =v. Hence solve the equation and show that y +4x =0 is a singular
solution of the differential equation. 10

T 3 g -TMereh Th 2K g1, o o R v fret SR dar w o fag
¥ 3R g B sghes F e (fm) = g @@ fag @ 9 R, saafw daw
F "R e ® | S sigiier 1 afsha g8 AR @ wef aRaT € | 3R SRR ¥
I S H AR BT 9 R SR Ao % GHae IMUR () W AAR 0w ¢ B
@ (tang - tanf) N HF Wi hifo |

A solid hemisphere is supported by a string fixed to a point on its rim and to a
point on a smooth vertical wall with which the curved surface is in contact. If 8 is
the angle of inclination of the string with vertical and ¢ is the angle of inclination

of the plane base of the hemisphere to the vertical, then find the value of
(tang — tan@). 15
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7.(c)

8.(a)

8.(b)

8.(c)

IR TS 95 Tt X uw fraa Y & ae us @R v 6 s € @t fag i
5 asrar 1 Froon & T ada B H IgUT tan6 F A € | 3R W g
#ifie % 3R 77 FTa T BriE g, d @ ww faa fon & @ s e
For T R '

If the tangent to a curve makes a constant angle 6 with a fixed line, then prove

that the ratio of radius of torsion to radius of curvature is proportional to tan6.
Further prove that if this ratio is constant, then the tangent makes a constant angle

with a fixed direction. 15
ATETE TR SR @ swEn e e aRfEe wW e @ gd i |
d*  dy

———4 +3y(8) = f(2),

ey y(t) = f(2)

W0)=1, y(0)=0 3K f(5), t ¥ & Tean 1 we[ ® |

Solve the following initial value problem by using Laplace transform technique :

dy dy

= 4d +3y(6) = f(2),

#0) =1, y'(0)=0 and f{¢) is a given function of ¢. 15
T 0, F6-9 9 e @ R e o w8 2)“ ¢ A A wafa fern stran

2 3R ¥ I @R/ A - cr)%ﬂﬁsﬁa%lsvmﬁn%mwmﬁﬁql
1 IE Wb xt + )yt =c? B 7

A particle is projected from an apse at a distance Jc from the centre of force with

a velocity "%8 and is moving with central acceleration A(7° — c?r) . Find the path

of motion of this particle. Will that be the curve x* +y*=¢c* ? 20
uw sty frg wem ¢ R afy fog wem 7 & o fremfafe wdafie firg i
V-(9)=Vo-f+(V-1)

(f(r) )mm%ﬁmaﬁﬁqaﬁ?mmﬁaﬂwﬁmmwﬁﬁﬂl

i : . ;b PR
For a scalar point function ¢ and vector point function f, prove the identity

V-(¢ ?) =Vo- 7—1— o(V- ?). Also find the value of V(Iﬁ—r) 7) and then verify stated

identity. 15
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