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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.

Question Nos. 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 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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1.(2)

1.(b)

1.(c)

1.(d)

1.(e)

Tusg ‘A’ SECTION °¢A’

T oo &6 5, 9 Z, S99 3 elisht &1 FA9a T T4 Aiege 3 3 a0 & T € |
Tufz f5 5, &1 Z, & go awaian & sfales i W wameiar 7€ € |
Let S, and Z; be permutation group on 3 symbols and group of residue classes

module 3 respectively. Show that there is no homomorphism of §; in Z, except the
trivial homomorphism. 10

A T R g8 oeEe we @ | suise fe R & fawmr-aem f s qorE,
Hed O & 997 R/P, R & JWSAUeTEe! P & o qea JostmEen 9 ¢ |

Let R be a principal ideal domain. Show that every ideal of a quotient ring of
R is principal ideal and R/P is a principal ideal domain for a prime ideal P of R.
' 10

frg difsg &

|2, —a,|<at|a, —a,_ |, & R 0<a<]l & Gt Wi @eas n22 ¥ fag ae
FA 1Al AR (a)), FPIN-THEA BT € |

Prove that the sequence (a,) satisfying the condition

, 0<a<1 for all natural numbers n=2, is a Cauchy sequence.
10

Ian-i-l _anl“{“alan —a,

T _[C(zz+3z)dz W, (2,0) A (0,2) d%F HF C F qMEEG FFE Jef R C T4
|2|=2 2, W frmfire |

Evaluate the integral fc(z2 +3z)dz counterclockwise from (2, 0) to (0, 2) along the

curve C, where C is the circle |z|=2. 10

9. 91.T8.El. % WT@REE G 7 waq | 9] smavgesar-fd ¥ Uel-F9s % i
T § e TS ¥ | TS gEe Y el 17 BE ® | Wel h oRels % IIgHR
Aqrawadar frfofaa #

ﬁ!ﬁrm(gﬁﬁ) HATETF AT
5

700
9 400
7 300

<hel TF aHt gel i sersal e € | R v @ e W gast i wen @ ffg
76 YR T ¥ & T wR-gi gmam €, e ume enen w1 g
&g # frafor Aife | o @ s gE e @ dfg )

URC-B-MTH 2




2.(a)

2.(b)

2.(c)

3.(a)

3.(b)

UPSC maintenance section has purchased sufficient number of curtain cloth pieces
to meet the curtain requirement of its building. The length of each piece is 17 feet.
The requirement according to curtain length is as follows :

Curtain length (in feer) Number required

3 700
9 400
7 300

The width of all curtains is same as that of available pieces. Form a linear
programming problem in standard form that decides the number of pieces cut in
different ways so that the total trim loss is minimum. Also give a basic feasible
solution to it. , {4

A |T G, n TR w1 uifia kg wg ? | 99 fig S & 6 % ¢n) v

€ (e W ¢ AR %7 ®) |

Let G be a finite cyclic group of order n. Then prove that G has ¢(n) generators
(where ¢ is Euler’s ¢-function). 15

fag FIfSm 6 weF f(x) = sin x2 3T [0, oof T THAHH Fad &k B |

Prove that the function f(x)=sinx? is not uniformly continuous on the interval

[0, o 15
2x
WWWMW,WI#@W%WWI'
3+2sin8 '
0
_ 27
Using contour integration, evaluate the integral I—l_—-dﬁ. 20
. ' 3+2s5iné
0

" i R, p(>0) sifiweor o vk ok &= § | quiEY % fla) = o, VaeR TR
gfterfo whatwem 1 RHR e aaEi €

Let R be a finite field of characteristic p{>0). Show that the mapping /: R—>R
defined by fla) = a”, YaeR is an isomorphism. 15

vyl fafy & g fafofes s s aoem = sa fifso .
A T z = — 6x, — 2x, — 5x;

avd & 2%, - 3x, + xy < 14
— 4x; + 4x, + 10x, < 46

2x) + 2x, — 4x; < 37
Nnzdxnzlxnz3
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3.(c)

4.(a)

4.(b)

4.(c)

Solve the linear programming problem using simplex method :
Minimize z = — 6x; — 2x, — 5x3 :
subject to  2x; — 3x, + x3 = 14
i 4—x1 + 4X2 5 10x3 = 46
2"1 i 212—4.'[35:-. 37
- 3
‘qﬁ H= tan_l x__.)..i._ y XEY
y

KL ﬁaﬁ'i({ & 22 +2xy ou +y? o'u = (1 —4si112u) sin 2u
a Yooy T 97 ‘
14y
Ifu=tan_ —e  XEY
ey 2 2
then show that x2 i1 7 +2xy i o gP et o (1-4 51n2u) sin 2u
Bxay 9y*

ak wr, 9)_='(r~%)sin9, r#0,

= fawfe w e f(2) = u(r, 6) + iv(r, ) T HRT |
If v(r, 0) =(r = %) Sl a0

i . anvamalyic Rinetion:; F2) =l 0) = #{F0)

ni2

sin‘ x 1.
11'—5q dx = —log (142
= Jlsmx+cosx 2 0. )
: ::/2
sin” x | e
L T dx = —=log (1++/2
Show that .[sinx-i—'cosx 2 og”( )

15

20

15

15
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3.(a)

S.(b)

5.(c)

5.(d)

Find the initial basic feasible solution of the following transportation problem by
Vogel’s approximation method and use it to find the optimal solution and the
transportation cost of the problem | 20

dvus ‘B’ SECTION ‘B’
z=yf(x)+xg(y) ¥ W ®F f(x) T g(y) = ool W faF  stase

weliaRer sy aa wH wgfa (g, sfaweRi A1 ww@w ) x>0, y>0 87
¥ fim Hifom
Form a partial differential equation by eliminating the arbitrary functions f(x) and

g(y) from z =y f(x) + x g(») and specify its nature (elliptic, hyperbolic or parabolic)
in the region x>0, y>0. 10

uten fir e : f(x)=cosﬂ(x8+ D 40-148x—0-9062=0

1 TF WA A (<1, 0) F qAT T A (0, 1) TR | HOMHE T bt ARG
faflr ¥ qwele % 9R w@E 9E w@ o i |

2EHD | 0.148x~0-9062 =0

Show that the equation : f(x)=cos

has one root in the interval (-1, 0) and one in (0, 1). Calculate the negative root
correct to four decimal places using Newton-Raphson method. 10

HF R g(w, x, ¥, 2)=(wH+x+y)(x+F +2)(w+F) TH JEA-F ¢ |

gw, x,y,z) W AMHD FAN @EY (Fiwicd AWA HiH) WH g |
o(w, x, y,7)  FeA-va1 (A9 o) ¥ A F w0 A o = il )

Let g(w, x, y, 2)=(w+x+y)x+J+z)}(w+¥) be a Boolean function. Obtain the
conjunctive normal form for g(w, x, y, z). Also express g(w, x, y, z) as a product
of maxterms. 10
TR e HHIhT ¢

(D®-2D*D’ — DD”? +2D")z = "™ '+ sin(x - 2y);

i i
.__é;._ D %
& B I |

Solve the partial differential equation :
(D —2D*D’ ~ DD? +2D"%)z = &2 +sin(x - 2y);
' ) - d

Bis 20 iD=
e 3 \ 10
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Se)

6.(2)

6.(b)

forg Fifm for Fremer v 4BC 1 0% 99 ¥ 4 ¥ DR S A Rt oft ot
F wnE Sged-smel

%(B”ﬁywz)
% B WM R G aopgay w9 B9 C¥ o1 R ot W Ot &
s

Prove that the moment of inertia of a triangular lamina 4BC about any axis through
A4 in its plane is

Moo 2

?(ﬂ +By+y )
where M is the mass of the lamina and S, y are respectively the length of
perpendiculars from B and C on the axis. 10

HE rawe wHiERT ;

d d
(x_y)yza_z+(y._-x)xz._£=(xz +y%)z
: x C oy :

H Wk xz=a’, y=0 W AT IW WAET FA AT TOEA Y8 N 709 FRAC |

Find the integral surface of the partial differential equation :

(Jr—y)yz%+(y-1|f)xz-§£=‘(Jc2 +y%)z
dy

dx
that contains the curve : xz = 4>, y=0 on it. 15

wHERw e : 4x +y + 22=4

Ix+5p+z=7

x+y+3z=3
& T & forg wew-diem gredl frar-fafyr fuife i @ st ety
X0 =0 ¥ YRT 3R A TR FREd fiforg | garaa (Frega 39) o ot e
R gREd =t ¥ go Hifig |

For the solution of the system of equations : 4x + y + 2z = 4

3x+5y+z=17

x+y+3z=3
set up the Gauss-Seidel iterative scheme and iterate three times starting with the
initial vector X® = 0. Also find the exact solutions and compare with the iterated
solutions. 15
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6.(c)

7.(3)

7.(b)

7.(c)

o w0 e wefd m ®, 22 +32= R?, i | R IR 2, TR A e w fy
%ﬁrqmaﬁﬁm%fmaaﬁ@ﬁamaﬁmvﬁmﬁaaﬁg%gﬁr%ﬁmﬁ
e, ¥ whafRE {99 F=—k7, wot Rk SR 2, ¥ for w2

By writing down ‘the Hamiltonian, find the equations of motion of a particle of
mass m constrained to move on the surface of a cylinder defined by x2 +y2=R2,
R is a constant. The particle is subject to a force directed towards the origin
and proportional to the distance r of the “particle from the origin given by
F =—k7r, k is a constant. 20

ifars srawa ol . } .

2=3(P*+a)+(p-2)Na=y) p=3l.q=5
X dy

T WA R W R x-ae A ToRat o

Find the solution of the partial differential equation :

: ; o gz dz
z=3 (PP +qP)+ (p-xNg-y); p=r-, g="
Py ox dy

which passes through the x-axis.. 15

g & fau

1
: dx

SO == f(O) +a; f(})+ 03 £ (D)
-[ o Ax(1-x) :

N TE G A W A afrraw @ T $ wgw ¥ R g (R
1

aﬁﬁ)g‘rlq?fmeq@mj\f% F (AT & A W T w6 T
& ferq Hifsre | ;

Find a quadrature formula

1
dx N ’
X)——=—=0, f(0)+a, f(L)}+a, f(l
ff( e T 2 /(3 + e £
3 _ _ .
which is exact for polynomials of highest possible degree. Then use the formula to

l N
evaluate J‘ de—s (correct up to three decimal places). 20
x—x . -
0

w foferdt gen-vame = S v ox,) = xy+x? 37 g Ren e R | 3@ e
T H-%eA FTd HIY | | :

A velocity potential in a two-dimensional fluid flow is given by

¢(x,y)= xy+x2 - yz__ Find the stream function for this flow. 15
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8.(a) mtﬁwﬁﬁaﬁwﬁ@ﬁmqmﬁmn@ﬁgmwm
x= lqv:am%mﬁﬁﬁmirs@:x— firg ¥ W diww g W & Wik 98
x-yaaﬁhwé%ﬁ%ﬁmmam%lﬁﬁﬁﬁ@xwwn@ﬁaﬁ
frmEen 3 9 ¥ 9., R faermd y # W Hi |

gfas =

B e e e

One end of a tightly stretched flexible thin string of length [ is fixed at the origin

!
and the other at x = /. It is plucked at ¥ = R that it assumes initially the shape of

a triangle of height /4 in the x-y plane. Find the displacement y at any distance x and
horizontal tension _ 2

at any time ¢ after the string is released from rest. Take, -
_ ' - mass per umi_: length

8.(b) famal x, xgte T x, F AN ?ﬁﬁ\%ﬁg@mﬁrﬁﬁaﬁz@aaﬁﬁrﬁml
H@ﬂﬁlm1ts+03ﬂﬁﬂﬁﬁﬁl‘f@ﬂmﬂﬁwﬁﬁw

f(x)-—( . 'x)(x+'x1 2x0) f( ) (x xO)(xl x)f ( )+
(x xo) : (x;— ( X~
SEl W E(x) = 1(x—x0)" (x—x) 1 (E) ﬁ—w ? i

FAdH (xg, Xp+E, X) < & < I=AAH (x, x+E, X1)

°) e )+E(x)'

Write the three point Lagrangian interpolating polynomial relative to the points
Xg» x0+g and x,. Then by taking the limit £->0, establish the relation

JOESS k. it ) Y WG x")““ x)f (xg) + EX0) ) f(x )+ E(x)
(x— xg)> (x,— (x -

where E(x)=1(x—x0)*(x—x)f (&)

is the error function and min.(xy, Xo+€, x) <& < max.(xg, Xo+&, X;) 15

8.(c) %aﬁaﬁ&reﬁa,%@ﬁ (+q,0) ® @@ & | Ty f& o 2+)2 =2 & T
#t fag W I -9 F TARR T y SRl € |

Two sources of strength % are placed at the points (£a, 0). Show that at any point

on the circle x2+ y2=a?, the velocity is parallel to the y-axis and is inversely
proportional to y. 15
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