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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 quesiions 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.

Unless 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.
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SECTION <A’

Answer all the questions :

Find the inverse of the matrix :
1 3 IR,
A=|2 -1 7
3 2 =3

3x+2y—z7z= 4 10

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

10
Evaluate fé(Zx sin%—cosl)dx. - 10

x
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1.(d)

Find also the distance between the line and the plane. - 10
1.(e) A sphere § has points (0, 1, G), (3, -5, 2) at opposite ends of a diameter. Find
the equation of the sphere having the intersection of the sphere § with the plane
Sx—2y+4z+7=0 as a great circle. i0
2.(a)(i) Let P, denote the vector space of all real polynomials of degree atmost n and
T:P,— Pj; be a linear transformation given by
Tp)=[p@d,  pme Py
Find the matrix of 7 with respect to the bases {1, X, xz} and {i, x, 1+x2, 1+ x3}
of P, and P; respectively. Also, find the null space of T. 10
2.(2)(ii) Let V be an n-dimensional vector space and T:V— V be an invertible linear
operator. If f={X,, X;., ..., X, } isabasis of V, show that § = {TX,, TX,, ..., X, }
is also a basis of V., 8
1 1 1
2.(b)(Q) Let A=|1 w? @ | where w(=1)is a cube root of unity. If A, A,, 15 denote
1 o o? '
the eigenvalues of A?, show that |4;|+|A,|+|1;] <o. 8
2.(b)(ii) Find the rank of the mairix
[1 2 3 4 §]
23 5 8 12
A=|3 5 8 12 17
5 8 12 17 23
|8 12 17 23 30| 8
2.(c)() Let A be a Hermetian matrix having all distinct eigenvalues A;, Ay, ..., A,. If
Xi» X5, ..., X, are corresponding eigenvectors then show that the n x n matrix C
whose ™ column consists of the vector X, is non singular. 8
2.(c)(ii) Show that the vectors X, = (1, 1+, i), X, = (i, —i, 1—i) and X, =(0.1-2i,2-) 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
%2 2
y = 10— 2x and the ellipse 2—+2_=1. 20
4 9
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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).




3.(b)

3.(c)

4.(a)

4.(b)

i)

5.(d)

S5

Compute Sy 0, 0) and Jox (0, 0) for the function

13
S )=z =2)#0.0

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

parabola y? = 2y + . 15
Show that three mutually perpendicular tangent lines can be drawn to the sphere
2 +y2 42222 from any point on the sphere 2 (x2 4+ Y2 +22) =352, 135

A cone has for its guiding curve the circle 52 4+ V2 +2ax+2by=0, 7=0 and
basses through a fixed point (0, 0, ¢). If the section of the cone by the plane y=0
is a rectangular hyperbola, prove that the vertex Lieg on the fixed circle
x3+y2+z2+2ax+2by=0 _
2ax+2by ¥ cz =, 15
A variable generasor Ineets two generators of the System through the extremities
B and B of the minor axis of the principal elliptic section of the hyperboloid

2 2 q . , s
%+§QM— =1 in P and P'. Prove that BP - B'P' = 2 4 o2, 20
a

SECTION “B’

Answer all the questions :
¥ 18 a function of %, such that the differential coefficient % is equal to

COS(x +y) + sin(x + ). Find out a relation between x and ¥, which is free from any
derivative/ differential, 10

Obtain the equation of the orthogonal frajectory of the family of curves
fepresented by r” = 4 sin nb, (r, 6) being the Plane polar coordinates. 10

A body is performing S.H.M. in a Straight line OPQ. Its velocity is zero at points
£ and Q whose distances from O are and y 1espectively and its velocity is v at
the mid-point between p and Q. Find the time of one complete oscillation, 10

Show that the curve

¢ 11 b g
()=t +(—i£) j +(Lt—LJ lies in a plane, 10
'
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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)

a-brl-m

Solve the differential equation

(53 + 12x% + 6y?)dx + 6xydy = 0. _ 10
Using the method of variation of parameters, solve the differential equation

42

?dx—g+a2y:sec ax. 10

Find the general solution of the eguation

d’y . dy
52
—=+x—+y=Ilnxsimn(lnx 15
o dx 0 i
By using Laplace transform method, solve the differential equation
s

(BZ + nz)x = @ sin(nt + &), D?= E—z— subject to the initial conditions
A

d ! 4
x=0and -d—: =0, at ¢ = 0, in which a, » and ¢ are constants. 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
extrenuty against a rough vertical wall and its lower extremity on the ground. If
M and y’ are the coefficients of limiting friction between the ladder and the
ground and wall respectively, then find the minimum horizontal force required to
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 2
horizontal position and the middle points of AB and DE are joined by a string.
Find the tension in the string. 15

Calculate V2 (") and find its expression in terms of r and n, being the distance

of any point (x, y, z) from the origin, n being a constant and V2 being the Laplace
Operator. 10

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

ﬂ(a%z +b%y? -f-czzz)—7 dsS, where S is the surface of the ellipsoid
ax* +by*+ cz*=1, a, b and ¢ being all positive constants. 15

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

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

-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 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, 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 medivm 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 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.
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(b)

(c)

(d)

(e)
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(a)

(b)

(c)

(d)

(e)

Q2. (a)

(b)

(c)

ffa =D |
Show that the set of matrices S= i a,beR% is a field
b a | :
under the usual binary operations of matrix addition and matrix
multiplication. What are the additive and multiplicative identities and
1 -1
what is the inverse of | ? Consider the map f: ¢ — S defined
1 1)
a =-b

by fla + ib) = { . Show that f is an isomorphism. (Here R is the

b a
set of real numbers and C is the set of complex numbers.)

Give an example of an infinite group in which every element has finite

order.
2
X 14ifx>0
Tet f(x) =
~— X :
—42 ifx<0
2

Is f Riemann integrable in the interval [-1, 2] ? Why ? Does there exist a
function g such that g'(x) = f{x) 7 Justify your answer.

Prove that if be**! <1 where a and b are positive and real, then the
function z® e ® — b e” has n zeroes in the unit circle.

Maximize z=2x;+ 3%~ 5Xq

subject to X + X9 +Xg=7

S, § referign see=ml 1 sifeai w0 € ?
1234567889 10)

qaq (12345)(67).
187 83105 4 26 9

Sloﬁqmmﬁmamﬁ%w%?mﬁ?gﬂm%mawqeﬁ
Jerew AR | S, H 37 Hife & haa o= 1 2

£ o 7 Qe
zwtee f5 sjwan ; ghlig'z"",wmaiﬁmﬁ%qﬁﬁﬁaa: = x ®
Tt ety W | |
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(d)

(a)

(b)

(¢)

(d)

Q3. (a)

(b)

(c)

(@

zeten 75 R %1 T fgd swem=m S10gw foga ST=e &1 M0 qiee
g |
What are the orders of the following permutations in 8,4 ?
123 4567289 10
and (12345)(67). 10
1 87 3 105 4 2 6 9

What is the maximal possible order of an element in S, ? Why ? Give an
example of such an element. How many elements will there be in Sy of

that order ? 13
(__ 1)11 -1
Show that the series Z R is uniformly convergent but not
1
absolutely for all real values of x. _ 13

Show that every open subset of R is a countable union of disjoint open

intervals. 14
T T J={a+bi|a,b e Z) WW%W(GWZ@W)%I
J Trfafen § @ sFan 2 IewEiE Sma (I Wwﬁ?ﬁ@m

(=), Sfeedr UAEE S (S )?mﬁmmaéﬁw-@a

o/ wife RC = [0, 1] T ot Sreafass WHilha Sad el o aed, S e

Sfsrati & ofaid 2
- (f+g)x=1fx)+gx

(fg) x = fx) g(x).
= S M:{feRC'f(%) . 0}.
T M, R 9 T SR8 USTae! & 7 319 IR 1 doh Teqd hifsr |

= diee flx, y) = y +4xy+3x +x0 + 18 Imﬁlﬁ?ﬁtﬁﬂx y) &
SAfeeRan ToET =T BT ?

T SR [x] TEfas TEN x &1 qUTe W Eifdd edl B, oIuiE A
n<x<n+1 GIETnTT&F%?ﬁ{x}-nIWWf(X) [X]+3
-1, 2] ﬁﬂmw:rwn%r% afg 7, aﬁaﬂg@wﬁlaﬁ%wﬂa%

A wlefer S I (Ix]2 + 3) dx.
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(a) LetJd={a+bi|a,b e 7} bethe riﬁg of Gaussian integers (subring of C).
Which of the following is J : Euclidean domain, principal ideal domain,

unique factorization domain 7 Justify your answer. 15

(b) LetRC= ring of all real valued continuous functions on [0, 1], under the

operations
(f+g)x=fx)+gXx
(fg) x = fix) g(x).

e ] )]

Is M a maximal ideal of R ? Justify your answer. 15

() Let fix, y) = y2 + 4xy + 3x% + x° + 1. At what points will f{x, y) have a

maximum or minimum 7 : 10

(d) Let [x] denote the integer part of the real number x,ie,ifn<x<n+1
where n is an integer, then [x] = n. Is the function fix) = [)e;]2 3 9

Riemann integrable in [-1, 2] ? If not, explain why. If it is integrable,
2

compute J. ([x]? + 8) dx. 10
= '

Q4. (a) IR THY ¥ HHET =i B AT ;

EIE]
Ml MZ MS M4
J. 8 12 5 14
- Jol7 9 8 12
J3| 5 11 10 12
Jil6 14 4 11
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(b) IR TR UHT T TS B §U, HHRA

2

I=1| sin®6de

)

EXRIERECAIGI

(c) QE!FIT-ﬂ'CF‘JT Eﬁifw&!%i z = 5%y — 4%y + 6xg — 8%,
EEG R ]

X1+2X2—2X3+4X4 <40
4X1—2X2+X3r~}{4 <10

x,20

(a)  Solve the minimum time assignment problem :

Machines
M; Mgy My My
Ji|8 12 5 14
Fobs de|l7 9 8 12
Js| 5 11 10 12
Ja| 6 14 4 11

(b) Using Cauchy’s residue theorem, evaluate the integral

Vi
I=j'sin4ede
0

(c) Minimize z = 5%y —4x4 + 6x5— 8%,
subject to the constraints
2X1—X2+X3+2X4 =5
4X1 —2X2 +X3—"X4 < 10

A-BRIL-M-NBUB 6
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Q5.

(a)

(b)

(c)

(d)

(e)

(a)

(b)

TEIEB
SECTIONB

«fﬂ

z=yf{x}+xg(y}@§ =em ol £ A g%ﬁ%ﬁmgﬂ‘?@ SR ATHe
TR §913E |

3 )
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THET g (x4y) X

ox ox oy oy

(STt Hid) H TEHG I 5 x = .

=0 = e e ww

Z
Z
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g grofl § & R #
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Form a partial differential equation by eliminating the arbitrary
functions fand g from z =y fx) + x g(y).

Reduce the equation

y&+(X+y) i +Xazz =0
3X2 8% Oy 8y2

to its canonical form when x # y.
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Q6. (a)

(b)

(c)

(a)

In an examination, the number of students who obtained marks between

_ certain limits were given in the following table :

Marks 30 —-40| 40-50|50-60| 60-70| 70— 80
No. of Students 31 42 5l 35 31

Using Newton forward interpelation formula, find the number of

students whose marks lie between 45 and 50.

Prove that the necessary and sufficient condition that the vortex lines
may be at right angles to the stream lines are

(89 a0 acp}

WA, W =] e

\ox 8y’ oz
where p and ¢ are functions of x, v, z, t.

Four solid spheres A, B, C and D, each of mass m and radius a, are
placed with their centres on the four corners of a square of side b.
Calculate the moment of inertia of the system about a diagonal of the
square.

T I
(D2 + DD’ -6DHz=x2sin(x+y)
& D au D’ gifva s § L @ 9.
ox oy
o qg i shikstg St e
2(x + y) = C(3z + 1), (C T &= 8)
% B I cifeha: IS T R AM A I P +yi=1, z=1 ¥ TR
3 1 | | |
T ZediqEeh aid S e o o x = 0 M x = [ &, URW H g

sraren # forom W R | AR v forg W A A .x (- x) TN FEH % U
¥z fp San @, o fRh off oo ¢ W o R @ fee o g x W Ed W
[EIS I IRICIETI S

Solve
D2+ DD’ -6DY) z=x"sin (X +¥)
where D and D’ denote i and i
ox oy
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(b)

(o)

Q7. (a)

(b)

(c)

(a)

Find the surface which intersects the surfaces of the system
z(x +y)=C(3z + 1), (C being a constant)

orthogonally and which passes through the circle X2 4+ y =1 z2=1

A tightly stretched string with fixed end points x =0 and x =1 is
initially at rest in equilibrium position. If it is set vibrating by giving
each point a veloeity A .x (I — x), find the displacement of the string at

any distance x from one end at any time t.

HIYE TET xg ¥ TRY W R flx) = 0 B B A & AU
= - 15ed fafy % foe w Yeiifien i Sifse, n orgma gt 6
T B, eps Fuffia ame 3R a9 Tea1 £/(x) % fore Pyt Fer aiera 2

TR 7 EHE
V=xy+x)-2
y(0) =2

¥ uig umed SIFET 9% T, y(0-6) T YfEehe HT Ui %d & (0T e
MY (V9 T1E9) h = 015 |iga tiger & = w@ Hifdu |

mm%mnw@mméﬂﬁmWﬁﬁmw% | T
fire 4 2 9o 97 km/awe T R |

t 2 4 6 8 10 12 14 |16 |18 |20

vV | 16 |28-8 | 40 | 464 |51-2 [32:0 |176 | 8 32| O

Hg?sﬁqmmés ﬁmaﬂsﬁﬂmsﬁﬁ‘gsoﬁwﬁm@ﬁmmaﬁﬂé
@Waﬁ%a@a——r‘ﬁml

Develop an algorithm for Newton — Raphson method to solve fix) = 0
starting with initial iterate xj, n be the number of iterations allowed,

eps be the prescribed relative error and delta be the prescribed lower
bound for f’(x).
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Q8.

(b)

(c)

(a)

(b)

©

Use Euler’s method with step size h = 0-15 to compute the approximate
value of y(0-6), correct up to five decimal places from the initial value
problem

V=x(y+x}-—2

y(0) =2

The velocity of a train which starts from rest is given in the following
table. The time is in minutes and velocity is in km/hour.

¢l 2| « | 6| 8| 10| 12| 14 |16]18]20
v | 16 | 288 | 40| 464|512 | 320|176| 8 | 32| O

Estimate approximately the total distance run in 30 minutes by using

i : i
composite Simpson’s 3 rule.
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W%Hmﬁﬁaﬁﬁ%(&a)q{@‘éﬁﬁm%BﬁI(O,b)WWf@%%
amaﬁwm%mmmwmmmaﬁm%wé,?ﬁm

2 2 :
5wl W g g spW e = b 2, ST p et 1 T B |
{2ab (a +Db)}

oft T wmed K % n SeRE yie, 3= ga § a Bl o T JAR
W%aﬁﬁ(ﬁﬁﬁ)%mﬁwﬁawﬁ%mﬁiaﬁmﬁﬁm%

yftrel S F IR 371 THETH ®9 9 96 {—8’5%% T wfer &1 | ga <6 el
off fomg 3 I FRT |
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(a) Two equal rods AB and BC, each of length I, smoothly jointed at B, are
suspended from A and oscillate in a vertical plane through A. Show that

the periods of normal oscillations are 2 where n? = (8 + —%) % 15
n R

(b) If fluid fills the region of space on the positive side of the x-axis, which is
a rigid boundary and if there be a source m at the point (0, a) and an
equal sink at (0, b) and if the pressure on the negative side be the same
as the pressure at infinity, show that the resultant pressure on the

npm?(a — b)?

{2ab (a +b)}

boundary is where o 1is the density of the fluid. i1

(c) If n rectilinear vortices of the same strength K are symmetrically
arranged as generators of a circular cylinder of radius a in an infinite
liquid, prove that the vortices will move round the cylinder uniformly in
0. 2_3
time (—Sj—%—k—. Find the velocity at any point of the liguid. : 20
1’1 —
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