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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 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 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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@UE A
SECTION A

(a) TR TN qAA AR P H GEEE fganarh w@hErnei ¥ st guize £

= : a -b

e AR B = s{[ J a,be R} U &I 8 | e aol
= b a

g 1 =1

= TUHTCHS  dcdHeE #1883 { W SgEH T R 2
= i i

% a -b

¥ ﬂa+ib}=[ }Wmﬂﬁﬁif:c - 8, ® fa=m Hifsw |
E b a

TWEY 6 f UHs waredl B | (F@f R areafas @ewsl & aged @ oqun

C wfmy semsi #1 aq=g 2 1)

(b)  uifia e #1 v Igrew i fred g sewa afifia #ife @ 2 |

7{2
—+ 4 "’lﬁ x=0

(¢c) WM &if9T fix) =

5 + 2 'ﬂﬁ x<0

1, [-1, 2] =0l § {9 G 2 2 #2791 U BeH g %1 e
%%g'(x)=ﬂx)ﬁ?mﬁﬁmﬁ§ﬂﬁﬁml

(d) g i fF afe ber 1 < 1, 9&1 a a1 b TR M aTEAfa &, 9@ BeH
z"e?—be” & THH gdH n TA A 2 |

(INSTITUTE OF MATHEMATICAL SCIENCES)

(e)  wiushadfiernn HIAY 2 = 2x; + 3x, - bxy
ENGRES X{+Xg+X3=7

G 2%, - 3X9 + X3 210, x; > 0.
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(a)

(b)

(a)

(b)

(c)

a -b
Show that the set of matrices S-= [ J 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: C — 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. g

4

—+4 ifx=0

Let fix) =

2
.. +2 ifx<0

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

Prove that if be?*1 <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= 2%y + 3%y — 5xq
subject to  x; + xq + Xq="1T

and 2%y - 9Xg + X3 210, x; > 0.

Sy, | Frafafaa et 61 Fifeai =0 & 2
[12345678910

adqr (12345)(67).
Le8rTe3 a5 4 2'6 9

S1p H U 3aud # 3w wva Fife F0 R 2 i 2 99 TR F @ B 0
Ferew s | S, H 3 Hife % foha srema 2 2

= (_q1mn-1
a&ﬁgq%ﬂ'awz(h o, THENH AfErd ® W P 9@, x %
1

a4t arfas aHl & foro |

n+x
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(e)

(d)

Q3. (a)

(b)

(INSTITUTE OF MATHEMATICAL SCIENCES)

zwise fob R 1 v faga Suaq=a 38y fagd si=ael &1 T Siied
2|

What are the orders of the following permutations in S, ?

1 23 45861T3289 10
and (12345)(67). 10
1 87 3 105 4 26 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 S, of

that order ? 13
(-t
Show that the series Z n+x2 o 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

9 iU J = (a + bi|a, b e Z) TSHE QUi FT IF (C F1 I9G7E) B |
J Frfafea & & R 2 . gfaeadm S (9=d), g Uil e
(wr=), fgda MR SHA (UT) ? 39 I I deh TEqd ShiTAT |

aH ifse RC = [0, 1] W aft arafas qFifRd Gad ®aHi &1 gad, & =
HiFnati & Adad 2

(f + g) x = fix) + g(x)

(fg) x = fix) g(x).

ma“rﬁqmz{fenc|f(%] = o}.

1 M, R 1 T 38 USEe 2 ? 3794 I H1 qeh Tqd HiT |

qH T fix, y) = y% + 4xy + 3x2 + x> + 1 & lﬁa‘«{ﬁfgaﬁqlﬂx,ylw
Aferhan 1o =Faw g 2

e ofifiu [x] andfes e x & quits 9w wifaa #wa R, sl Al
n<x<n+1 ﬁﬁn‘{?ﬁi&%,ﬁl x] =n | & %4 fix) = [x]° + 3,
[-1,2] @\ wEmheHi 2 2 3fe 78, 91 Twese #=&i | Al 98 aHEe B,

2
at gfterfera Fifse j ([x]% + 3) dx.
A}
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(a) Letd =la+bi|a, be Z} be the ring of Gaussian integers (subring of C).

= Which of the following is J : Euclidean domain, principal ideal domain,
o
2 unique factorization domain ? Justify your answer. 15
% (b)  Let R" = ring of all real valued continuous functions on [0, 1], under the
(=]
5 operations
g’_ (f+g) x = flx) + g(x)
(fg) x = fix) g(x).
r (1 1 1
Let M = {feR ‘f[é-] = 0}.
Is M a maximal ideal of R ? Justify your answer. 15
(c) Let fix, y) = _yz + 4xy + 3x2 + x° + 1. At what points will fix, y) have a

maximum or minimum ? 10
& Let [x] denote the integer part of the real number x, i.e.,if n <x<n +1
;..f where n is an integer, then [x] = n. Is the function fix) = ix]2 + 3
% Riemann integrable in [-1, 2] ? If not, explain why. If it is integrable,
= 2
E Ly
S compute j ([x]% + 3) dx. 10
= |
g

Q4. (a) = ooy fraad gwen #1 g I

T3
M; My My My
Jils 12 & 34
- J2|7 9 8 12
3|5 11 10 12
Ji|6 14 4 11
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(b) RISl ST UHT I FEANTS A BY, HATRA
I=Iaill4ede
0

F1 7 f=ifen |

(c) AR HA 2 = 5x, - dx, + 6x5 - 8x,
TG Y

X+ Exz = 2x3 + 4_1-:4 = 40

21‘[] 'K2+XS+ZK4 is

{INSTITUTE OF MATHEMATICAL SCIENCES)

4]{1 -2?[2 +x3—:{4 =10

X.20

{a)  Solve the minimum time assignment problem :

Machines
M; M, M; M,
Ji| 3 12 a 14
Jol7 9 8 12
J3|5 11 10 12
Jy| 6 14 4 11

(b}  Using Cauchy’s residue theorem, evaluate the integral
T
1= I sin* 6.do
0

=
L
W]
=
L
]
o
i
8
o
=
=t
-
Ll
E
=1
=
(™
=]
w
=
=
=
o
=

(c) Minimize z = 5x — 4x, + 6xq — 8x,
subject to the constraints
Xq + 2Xp — 2Xq + 4x, <40
2% - Xy + X5+ 2x, <8
4%y - 2%, + X3 —x, <10

X =0
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(a)

(d)

(e)

(a)

(b)

wUE B
SECTION B

z=yﬂx)+xg(y}@¥aﬁ§‘-’ﬁﬂ\ffﬂmg%ﬁwm%mm
HHfteRtul 18T |

-\:2 ‘\2 ’\2
TR y%+(x+y)0z+x0;=(} # zEe fafza =w
ox 0x oy oy

(Fifreret wid) # wEEE HIT 5" x - y.

v ghen ¥, fifvga dmed & = 9 o 3 o ywm feu IR @en

3T i30—4o 40—50'50—60 60 —70| 70 — 80
w’faﬁm| 31 42 51 35 31

A 3T AT G 1 GRS B gY, I B I @EA 7 Hifa AR
3 45 U1 50 & = feud & |

firz $ifsu 5 yire TEel & g TEel @ e | EH & AEavEs q
vata yfaey Fefafea 2

u,v,w=_p @,:—m,%
ox oy 0Oz

Tsﬁ:'fuﬁ?ﬂ 0, W?x,y,z,tﬁ?l

9N 3 Tl A, B, C @91 D, Ycdeh i 599 m a¥1 BT a, 1 Th Y91 b
et it % SR S W 2E YRR W@ T 2 R 39 e I wiA W |
¥ Tt & firé Frema &1 Srgea sl wftsfem Sifsm |

Form a partial differential equation by eliminating the arbitrary
functions fand g from z =y f(x) + x g(y).

Reduce the equation

2 ~2 -2
y6—3+(x+y)('z LZ:O
ox

X

+
ox oy (’)y2

to its canonical form when x = y.
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(c)

(d)
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(e)

Q6. (a)

(b)

m
>
-

.
1t
o
=
et
(5]
o
-]
<L
2
=
s
=
wi
=
oI
=
ti
=]
w
=
=
| =
=
w
=

(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 i 31 42 51 35 31

Using Newton forward interpolation 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

% 5. %)

U:VpW=P ] 2 -
[ax oy oz

where p and ¢ are functions of x, y, 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.

& i

(D% + DD' - 6D%) z = x% sin (x + y)

& ) 9 a
SEl D a41 D aﬂﬁmmﬁ%awg.
tE1 gy 14 Hife A e

2(x +y) = C(3z + 1), (C v eyt 2)

% YBi %l AIfraehd: Sfdeag Fa@ R A Mg x*+yi=1, z=1 § TR
2 |
U gedargds didd sl fows oier fog x = 0 aw x = 1 §, ynw # @
e # form w2 | Afg v fag B Am 4L x (- x) gH A % few
#2 o wran 2, @t forelt oft o ¢ wouw fR @ fRR oft gt x moEd W
ferearma s hifsm |

Solve
(D? + DD’ - 6D2) z = x2 sin (x + V)
where D and D’ denote i and i.
ox oy
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Q7.

(INSTITUTE OF MATHEMATICAL SCIENCES)

(b)

(c)

(a)

(b)

(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+y2=1, z=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 velocity A .x (I — x), find the displacement of the string at
any distance x from one end at any time t.

Rfs THEE xp § WRW Hd 8 flx) = 0 H FA HH & feU
= - teua fafu & foau s temfen fawfia $ifsw, n sgwa gl
HET 2, eps fuifa wmw 3f2 qen See1 f/(x) % foru Fuifa = afeu 2

Uiy 99 gHE
y=x(y+x)-2
y(0) =2

¥ qfg cyMed TIHE d% G8, y(0-6) F Afaehe A ufepfad 3 & fou ug
WY (¥ |159) h = 015 Tiga sAtaer fafa 1 wam i |

form o7aen ¥ YHAY B TH el w1 9n e groft 4 fem o 2 | '
fige ® & a9 97 km/ave § 2 |

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

v | 16 [28-8 | 40 |46:4 |51-2 |32:0 |176 | 8 |32 | O

s fare % - Fom 1 ST F 7 30 fie % Yol g 7 A
F& gl &1 \iawe A FIfT |

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.

<
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(b)

(c)

(a)

(b)

(c)

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

yV=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.

t| 2] 46| 8] 10] 12] 14]16]18]20
v | 16 | 288| 40 | 464 | 51.2| 32.0 | 176| 8 32| 0

Estimate approximately the total distance run in 30 minutes by using

L 1
composite Simpson’s 3 rule.

Yl | s 1 4 §AE BE AB @1 BC, B W wgdfia @t qun A &
freifoa 2 3t A 9 o St guae d geH @8 | gwise T g

Brert H 2" = 2:[3_i]5.
n%mﬂ +ﬁ l

afe T, x-318 H gATcHS fom W sEwmm &3 & wal 2, | f6 uk g
gfeeftar 2 qun afg 9@t fag (0, a) W v Ha m B W (0, b) W THAH o B
au Jfe Forers o o e w0 g e W e g % SO 2, dl guis

2 2 ,
o wftefn @ qfomd g oM@ - b) 8, J&l p A &1 U4cd 2 |
{2ab (a + b))

Ife wuE wWed K % n SE@E 9iHe, 39 g9 8 a BsE & Uk g
a7 % T () F w9 § guihd sgafeyd R 9 8, q fag Hifse e

uﬁaém%wﬁ@nwmwﬁm%ﬁﬂﬁﬁlﬁ%%sﬁ
i famg W 371 F1a A |
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(a)  Two equal rods AB and BC, each of length /, smoothly jointed at B, are
suspended from A and oscillate in a vertical plane through A. Show that

the periods of normal oscillations are “x where n? = (3 % i) L

n J7) 1

(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)}

7]
b’
(=
=
L
[ 5]
[+
-
=L
=
=
=
=
1T}
= =
=
=X
=
T
(=]
LLk
=
e |
|=
—
w
=
=

boundary is where p is the density of the fluid.

(¢)  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

; 8nZa’ ; ; . 3
time moDK Find the velocity at any point of the liquid.

(INSTITUTE OF MATHEMATICAL SCIENCES)
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