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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, any THREE are to be attempted
choosing at least ONE question from each section.

The number of marks carried by a question [ part 1s indicated against il.

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 of the page left blank in the
Question-cum-Answer Booklet must be clearly struck off.
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Q1.

STH-D-MTH

(a)

(b)

(c)

(d)

(e)

©us A
SECTION A

" AT foh % = 2 3 x,,0 =%, +20, n=1, 2,3, .. 8 | cuizgw &F
HIHH X1, Xo, X, ... ATAR 7 |

Let x4 =2 and x,,1 = \/xn +20,n=1, 2, 3, ... . Show that the sequence

X1, X9, Xg, ... 18 convergent. 10

91 AT o6 G i n 1 T wqg B | Suise R G wEew wgR S %
3UHYE & TSl 7§ |

Let G be a group of order n. Show that G is isomorphic to a subgroup of
the permutation group S, . 10

1 AU (Og W I=e 3N =R 719 {1 Hifse |

X

SIn X

T

_2__.

X
10

Find the supremum and the infimum of on the interval [0,

ST %

3 @l e e B flz) T EIRTT B BT 0 %o f(ljaﬁmﬁa

Z

CIEEGIER

Determine all entire functions f(z) such that 0 is a removable singularity

of f[lj 10
Z
TThT fafer o ST o g/
2X +y
1 I=dH HMH, 914
4x + 3y < 12
4x + y < 8
4x —y < 8
X, y=20
3TTd <hITT |
Using graphical method, find the maximum value of

2X +V
subject to

4x + 3y < 12

4 + y < 8

4 —y <8

X,y =20. | 10
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Q2. (1a) AT Mﬁﬂﬂl%

t
f(t) = j x| dx,
0

SR [x| 999 98I Ul 9631 &, 9 x ° B AT x e S &, bl guNdl g |

() Truifa Hifce g arafaes a@aT +, J87 £ 37aFadT & |

i) Truifa hifsu ot arcfas @A +, S87 £ 9dd 8 Afehd STashad-1g gl
2 |

Let

t
f(t) = I ],
0

where [x] denotes the largest integer less than or equal to x.
(1) Determine all the real numbers t at which f 1s differentiable.

(11) Determine all the real numbers t at which f 1s continuous but not
differentiable. 15

(b) U@l () THThe faly & swma & g fag hifse i

' i
X Sin mx T
dx — el
0 2

8.2 +X2

Using contour integral method, prove that

o .
X S1n mx T
j iz = e M 15

0 a? +x? 2

(¢) HH i fh F U &3 & 3 F[X] &1 5igug, S F H Thed oL X H &,
g wifad T 8 | fX), g(X) e FIX] 991 g(X) = 0 & fou, e3risu for w@
q(X), r(X) e F(X) & ToHeh TeTT (r(X)) 3T °ITd (g(X)) o o910 d Bl & 3TN

f(X) = q(X) . g(X) + r(X).

Let F be a field and F[X]| denote the ring of polynomials over F in a
single variable X. For {{X), g(X) € F[X] with g(X) # 0, show that there
exist q(X), r(X) € F[X] such that degree (r(X)) < degree (g(X)) and

fX) = q(X) « gX) + r(X). 20

Q3. (a) aWisY foh WG Z, x &, Ud L, G0 & |
Show that the groups % £ X G and Z . are 1somorphic. 15

STH-D-MTH =
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(b)

(c)

(a)
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o AT fh f=u+ivis S D=(z ¢ C: |z| < 1} R T Fvaifvs .
Feid & | gsy foh D b gyl fegatl u
%u  d%u
| — = ) =
aXZ ayz ﬁ}XZ

2 2
y ¥ : 23; 21
Let f=u+ 1v be an analytic function on the unit disc
D=1{ze C:|z| <1}. Show that

o’u  d%u o%v 9%
s -2 V7 3+t 3

x% oy ox2 oy
at all points of D. 15
ThHHT {9y o g HHiRgd ges N 99& &l 8 shifau
ITteehaHieRTul hiieu

L = 3X1 -+ 5X2 = 4}(3
&31d Toh

2X1 + 3X5 £ 8
2Xo + 8Xq < 10
33Xy + 2Xg + 4x49 < 10
X1, X9, Xq = 0.
Solve the following linear programming problem by simplex method :

Maximize
7 & 3}{1 + 5x2 + 4}{3

subject to
2X1 + 3X9 £ 8

2Xo + 0Xq < 10
3Xq + 2Xg + 4%4 < 15
X1, X9, X5 2 0. 20

B f: C— C W n>1% fau, aq oS f&6 £ werq £ ndl 31dehol

agrtar g 3R £ = £8 | a9 <fifSw &5 fues var gdy dvafvs wom @ s
fau et n > 1% foqu, £ [i] =0, 9M k=1,2,3, ... o {0 | ez fF f
Uh elguc;%l

For a function f: ¢ — € and n > 1, let '™ denote the nth derivative of f and

£O) — £ Tet f be an entire function such that for some n > 1, fin) (%) = 0

forallk =1, 2, 3, ... . Show that { 1s a polynomial. 15

<L
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b fafafe sfees aaen & fau, a6 afawea afa & gr, Al
TR GETTd 81 ST ch1INTT T ST 1A <h11ag |

e

O 4 | 7 0 3 6 | 14
S Oy 1| 2 | =3 | 3 8 9 Ui
O3 3 | -1 0 5 | 17
8 3 8 13 8
HIT
Find the initial basic feasible solution of the following transportation
problem using Vogel’s approximation method and find the cost. 15
Destinations
Eh Ih :DS 111 I%
O1| 4 | 7 0 3 6 | 14
Origins Oy | 1 2 | -3 1 7 8 9  Supply
O3] 3| -1} 4 0 5 | 17
8 3 8 13 8
Demand

() WM R fe z x. UF Sretee sens i aufasey sfwerd Sof R

=4l
a9reu fop 2ol z X, @1 Usb qA=TH Z X_(n) BT S 100 b1 AHERT
n=1

n=1
T 8 |
Let Z x, be a conditionally convergent series of real numbers. Show
n=1
that there i1s a rearrangement Z X.(n) Of the series Z x, that
n=1 n =1
converges to 100. 20

STH-D-MTH -
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@ us B
SECTION B

(a) (DZ-——QDD' +D'2)z=ex+2y+33+sin 2};33[8?[ En‘cliél!,

2 2
D= ®, ? Dr . 0 ? D2 - 0 | Dr2 _ O % |
Ox Oy ox ° Ay

Solve (D* - 2DD’ + D'%) z = X+ % 4 x3 4 sin 2X,

where
2 2
OX oy OX oy
(b)  TMRE-STed faiY & qea Al 6 saned i o 1 &Gty o stue w0
gl Hlege
2 6 6
2 8 6
2 6 8
T Jide® FTd shifomy |

Explain the main steps of the Gauss-Jordan method and apply this

method to find the inverse of the matrix 10

2 6 6

2 8 6.

2 6 8

(¢) et rtHEid fami 1 sw=iwTet hid BU qeliy =iei

z(y+2)(X+vy+2)
$! 30 WA &9 A fofgu | wiefism & v s@ge B9 9 B 5
3gd@ HINT | fou T =S qon 39 TaaH €9 % U germe gront s
3194 giemg & wenyg Hifsu
Write the Boolean expression

z(y+2)(X+vy+ 2z)
in 1ts sumplest form using Boolean postulate rules. Mention the rules
used during simplification. Verify your result by constructing the truth
table for the given expression and for its simplest form. 10

ST H-D-MTH &



https://prepp.in/

www.prepp.in

prepp

Your Personal Exams Guide

(d) T xy-GEdA [ G Ggd o5k & 99T S 35k Ik [ g Himreg & ol Hidse

$HLAaT & | T Toh

2 2
zx‘;’+iy‘§ = f(x,y) V(x,y) € S® |

afe S & wdS fog (x, y) | £ Fuff@ 8 on S &iw r w w Fuifd g,
firg iU s 39 widl & @ HE Gl B3 ft T w = wix, y) THAH A B |

STH-D-MTH

Let " be a closed curve in xy-plane and let S denote the region bounded
by the curve I'. Let
0w | o%w

2t Sy VEyeSs

If f is prescribed at each point (x, y) of S and w is prescribed on the
boundary T" of S, then prove that any solution w = w(x, y), satistying
these conditions, is unique. 10

zuitEn fop we et ke, o gouHE M 8 91 JYig a9 b 8, H
912
e e, fraeh] TS r 8, % $eie Secd AT iMa " 2y | = firg

1,2

Hifre 5 wreia % T seea st %%2 A, el p daw ® g W
il I TEEd g 8 1

Show that the moment of inertia of an elliptic area of mass M and

21.2
. e | b
semi-axis a and b about a semi-diameter of length r 1s 3 M 2 5 Further,
r

5M o

prove that the moment of inertia about a tangent 1s Ve p“, where p 1S

the perpendicular distance from the centre of the ellipse to the tangent. 10
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ATIRTeh 3TThed THIHT
2(pq+yp+qx)+x2+y2=0
1 YUl GHThel FTd iU |

Find a complete integral of the partial differential equation

2(pq+yp+qx)+xz+y2=0. 15

%QTFQWQTWu_l,uO,UIQ'ﬁqua’:%IQ,Q%"Wﬂﬂﬁ‘ﬁ%’lﬁ
IS TohaT ST 2 | ewiisT foh saen)

5 -3
y(y D A?’u_l + X (x L, AQu
31 . 31 0

% ®Y T @I AT AhdT 8, &l x +y =12 |

ux =y110 +Ku1 +

For given equidistant values u_j, g, uy and u,, a value is interpolated

by Lagrange’s formula. Show that it may be written in the form

2 ' 2
y(y“® —1) Azu_l L X (x* —1)
3| 3 |

where x + y = 1. 15

UX:y-uo‘l‘xul'l*

2
A U.O,

U THEAH B8l AB, AC I, FTEH T &1 goqw = m qer s 2a 2, gl
alish § A W el o T1Y ST 741 & 997 9 Sfas gmae | nfowE € | g ¢
W, gAda § feR &« 3187 Ox, Oy & g=ed o B! & GedmH g foimg (£, ) W
& dUT BE Ox & 1Y 0 + ¢ ol HIY S 2 | fag S 6 d3 6 1hw ==t

—

m E:2+ ﬁ2+[%+sin2¢>]az H2 [%+cesz d)}az 432 g |

1 & 9 & foie 1id o s gt i ot sgea i, af gt (X V)
Higd Ueh aTedl ot Aeft o any-any, A fomg au fram wear 2 )

Two uniform rods AB, AC, each of mass m and length 2a, are smoothly
hinged together at A and move on a horizontal plane. At time t, the mass
centre of the rods is at the point (&, 1) referred to fixed perpendicular

axes Ox, Oy in the plane, and the rods make angles 6 + ¢ with Ox. Prove
that the kinetic energy of the system is

p—
—

m (§2+ 1‘12 (; - sin? d)Jaz é2+[%+0052 cb]az 4'32 :

I

—

Also derive Lagrange’s equations of motion for the system if an external

force with components [X, Y] along the axes acts at A. 20

&
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)7. - (al) GHeh{v]

9 0%z 0%z 9 0%z y2 oz x° 0z
= — 2XY + X7 — = +
ox 2 0x Oy oy X dx y Oy
! fafed =9 4 garfia Fife 3 s1que g1 g@ 719 Fifew |

Reduce the equation

y

2822 o 5%z | 2022 __y2 E‘lexz CZ
a2 Vaxay T oy x x y oy
to canonical form and hence solve 1it. 15
(b)y HA
b 3h
.L ydx:E (yg+ ¥ ) +3 (Y1 + Yo+ Ys+Ys+ ...y, 1)

+ 2 (yo +98 - 400 3)]
$! Scqd hHINT | T n T iz Yids-y 8 2 39 A &l fdAfge | (44 ok

%ﬁm%mu&ﬁgf&uﬁéuw%?

Derive the formula

b
3h |
I de:? (yo+ ¥ ) +3 (Y1 + Yo+ Y4+ Y5+ ... + ¥ _ 1)

a
+ 2 (yg +yg ¥ ... + ¥y, _3ll.

[s there any restriction on n ? State that condition. What 1s the error

bound 1n the case of St mpson’s = rule ? 20

3

(¢) W S 9 Ueh Sadrehi Afetehl § & forges fowi ok sama D den d 8, o oS
o e @ 2 | gfe vaw v g0 & g g8 qen gfe 7 S fo nfd
et 3 a9t I%-30W o qdTid g @l 8, al g i Tk

2
v D 2 _ 2
_ e(u V= 2K E.T‘r”,

V g
w8l K 99cad gt fawiiora ge 8 a9 19iadi 3 |
A stream 1s rushing from a boiler through a conical pipe, the diameters

of the ends of which are D and d. If V and v be the corresponding

velocities of the stream and if the motion i1s assumed to be steady and
diverging from the vertex of the cone, then prove that

9
v D 2_v?2)/9K

where K 1s the pressure divided by the density and 1s constant. 15

ST H-D-MTH 9
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Q8. (a)

(b)

STH-D-MTH

feam g7 & Ushiawa i gty
%y 5 8%y

=c"—:; t > 0,
ot ox”

& c? :E, T dR H AUNGd] g1 & 991 m dR k1 AT Sehls s goguqA

111
2 |
(1) I9Yerd TUT HIHLUT T IJNTad g 1 HITAT |

(i) fdaedi
v(0,t) =0, y(l,t) =0 &t t & faU

GEI oy = 0, y(x,O):—-asinE,O<x<l,a>0
L0t Jy =g /

& 91y Wi g fHemfero

Given the one-dimensional wave equation

2 2
%, o
—gzcz—g; t > 0,
ot OX
o T

where ¢ = —, T is the constant tension in the string and m is the mass
m

per unit length ot the string.
(1) Find the appropriate solution of the above wave equation.

(11) Find also the solution under the conditions
v(0,t)=0, y({,t)=0 forallt

oy . X

and | = =0, y(x,0)=asin—, O<x</{,a>0. 20
Ot Jt - [

~Atwe fafy & fofe yae = & ®9 0w vemiften feflgu | 3g fafy 6
fawedr b1 fedtaat =1 9uia shifse |

Write an algorithm in the form of a flow chart for Newton-Raphson
method. Describe the cases of failure of this method. 15

10
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(c) T (x, y, z) fog W FEIIST qqA 1 o7

g
3XZ J3yz 322—1‘2\ 9 9 9
—-g-, T, E , I =X~ +YV + Z
T r r F

2

% g o 8, dt fag e 6 g wfa qerE @ qom am fm O R ) e
r
T, GRIA@T3A =hl WY Yo $ifsT |

If the velocity of an incompressible fluid at the point (x, y, z) is given by

(3}{2 3yZ 322—1'2\ 2 9 2 . 2
—5, —5, E , I =X +YV + 72,
\I‘ r )

then prove that the liquid motion is possible and that the wvelocity

Z

potential is —- . Further, determine the streamlines. 15

1‘3

STH-D-MTH o 4 4
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