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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 TWOQ 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.

1 URC-B-MTH




1.(2)

1.(b)

1.(c)

1.(d)

1.(e)

gug ‘A’ SECTION ‘A’

T wifore fo §, @ Z, AN 3 il 1 SFAET E9E U9 WisTd 3 g T % e © |
Tuizy 15 5, 1 2, § oo aameiar & sfufics 8 st wwemian 7€ R |

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 S; in Z, except the
trivial homomorphism. 10

#H T R & et W R | qulse fR R & fawmr-aem i s oEet,
qed OEst § 991 R/P, R & JWAmEet P & foe ger et w= € |

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

g Fifvig f ewd

|8,41 —a,|<ala, —a, |, ST& R 0<a<1 @ @t Wiglow deasi n=2 & g age
FA qrEl FIHA (a)), HIN-FTHRA BT € |

Prove that the sequence (a,) satisfying the condition

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

TR jc(z2+3z)dz H, (2,0) A (0,2) T ah C & AHE I gl | C I
|z|'=2 %, HH ﬁa»‘rﬁ:rq |

Evaluate the integral J-C(zz +3z)dz counterclockwise from (2, 0) to (0, 2) along the
curve C, where C is the circle |z|=2. 10
g Ao, & TaEE faum 3 gaq # 95 B smagear-gfd ¥g 9ei-F9e & waiw

e & ghe @R T | UAF g N o 17 B § | Wl f EE F AER
Al fafafeaa 2 :

T3 A F=E (H W) savas Hedn
5

700
9 400
7 300

7ot wa welt W < grat ww € | Rfm v & W ™ ot B den @ fl
W UFR FA ¥ & I Fem-wift w2, & s Iea wen @ it
vy # frutor i | e @ el geTa T s Gt |
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2.(a)

2.(b)

2.(c)

3.(a)

3.()

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 feet) Number required
5

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. , 10

A | G, n @ g 1 uitfia wha ag ® | o= fag S % 6 ¥ ¢(n) s
€ (R W ¢ R ¢-He R) |

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

fag i {6 B f(x) = sinx? IR [0, o W THIHA Fad At © |

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

[0, oo]. 15
Frg GHTHAT T ST W, WJ. ——do & AF Fa R |
3+2sinf ,
2z 2
Using contour integration, evaluate the integral J.;,da. 20
v ' 3+2sinf
0

7\ ST R, p(>0) stfdaeor o1 e aRkfm &3 § | oufsw &6 fla) = 0P, VaeR T
gt wfafmor £ RHR e T © |

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

v fafr & g Feafofaa e dwmm @ | s fifvg .
ATHIEHT HIT z = — 6x; — 2x, — S5x;

ERCIRED 2xy = 3xy + x3 < 14
—4x; + 4x, + 10x; < 46
2x1+2xz—4x3<37

22,x21,x23
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3.(0)

4.(a)

4.(b)

4.(c)

Solve the linear programming problem using simplex method :

Minimize z = — 6x; — 2x, — 5x3
subject to 2%, - 3x, +x3 < 14
— 4x; + 4x, + 10x; < 46
le ot sz 4X3 37
X1Z22,x21,x23

)
gfe u=tan"lxx_i s X#EY
aaaaﬁ-sﬁﬁs x29-25+2 Pu_, o Pu = (1 - 4 sin?u) sin 2u
v ox? xyaxay % 0y? i
g 8
If u=tan' 212 gty
Aea)/
2 2 2 .
then show that x2 29 u+2 gt +yzaz = (1 — 4 sin®u) sin 2u
ox? axa oy \ =

e w(r, 9)_=(r——%)sin9, r+0,
7 R@ffd w1 f(2) = u(r, 0) + iv(r, 6) I R |
If v(r, 6)=(r—%)sin9, r#0,

then find an analytic function f(z) = u(r, 8) + i(r; )

n/2

sin” x 1
dx = —log, (1+2
a&ﬁsq .[smx+cosx D ge( )
: n/2
‘sin® x 1
—— = dx = —log,(1+2
Show that .[ sinx + cosx N0 _ge( )

15

20

15

15
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5.(a)

5.(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

gvus ‘B’ SECTION ‘B’

z=yf(x)+xg(y) ¥ AFSE H f(x) T g(y) T fem R Al @
Tt SR A T S (Seada, sfiwada a1 waeE) x>0, y>0 8
# 3 Hifv |

Form a partial differential equation by eliminating the arbitrary functions f(x) and

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

Tufza R welie f(x)=cos”—("§ﬂ-+o-148x-0-9062=o
F TF G AR (<1, 0) F T TE @ (0, 1) F R | HOMHE o H e -AHEH
fafr ¥ swweE F 9R WW 9% R AT R |

m(x+1
8

Show that the equation : f(x) =cos ) +0-148x — 0-9062 =0

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

‘H‘lﬂ?—ﬁﬁﬁq g(w,x y,2)=(w+x+y)(x+y+z)(w+y) @WW r
g(w,x,y,2) H ANTHG TEWTG T@ET (FHcd AW HiH) WH Hhifsrg |
g, x, y,7) B So9-Ta1 (B @) & PE F w9 F off =w Hif |

Let g(w, x, y, 2)=(w+x+y)(x+y+z)(W+y) 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

it srae aHYeR
(D =2D*D’ - DD’? +2D"*)z = & + sin(x - 2y);

] d
p==, p=2

ox’ dy
W & IR |

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

0 d
D=—, D'=—
- 0x dy ; M
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S5.(e)

6.(a)

6.(b)

g Fife £ PoraR vea 4BC &1 560% a9 § 4 ¥ Q= S areh fedt ot s
F WNE g -l

%(B’ +Br+v?)
% SBI RMUeH Il Gefd TN By AW B9 CA I8 | T T o A
Tl §

Prove that the moment of inertia of a triangular lamina ABC about any axis through
A in its plane is

M 2

< (B +pr+7?)
where M is the mass of the lamina and B, y are respectively the length of
perpendiculars from B and C on the axis. 10
HAIAF b GHYHIT :

;) d ,
(x—y)yza—z+(y—x)x2—z—=(x2 +y%)z
b dy :

®TF:xz =0’ y=0H AW FW FANRT FA I THT I8 H 7G FIRC |

Find the integral surface of the partial differential equation :

a L
G- Lk (-2 Z = (2 4 y?)z
ox dy
that contains the curve : xz = a3, y=0 on it. 15

'ﬂ‘ﬁWﬁm:4x+y+22=4

3x+5y+z=7

x+y+3z=3
F ' & fau meu-diew qwad! frn-ffy faite Sfm qn swfe wfy
XO =0 @ 9N oF A9 IR gREd G | ggrqw (g 39) g @ faf
IR gREd gell @ ger Hifon |

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

3x+S5y+z=17

x+y+3z=73
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.(a)

7.(b)

7.(c)

T o Fomeht w5l m R, 22+ 32 = R?, SR W R IR 2, oRr oRonRe e R iy
%ﬁqaﬁﬁa%lw%%@aﬁraﬁtﬂﬁaﬁa\mﬁwﬁ—g%@r%ﬁm
% A vioafa R | 99 F=—k7, 9ot Wk a8, ¥ R )

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 + 2 = 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
3

F =—kr, k is a constant. 20
AfVIF s aefia=uT 3 :
i = 74
2=3(P*+g)+(p-x)q-y); p=s,q=2
dx dy

H o A KA S F x-3t A TeRaT B

Find the solution of the partial differential equation :

: P srgET Ak lgs
2=3(P° +4" )+ (p-2)q-); et b

which passes through the x-axis.. 15

S5ehe & o

1
| f(x)%wl SO +ay f(B)+as £
Ll ,

mwagﬁm'ﬁﬁqﬁaﬁwwm%a@a%ﬁqwﬁw
1

ﬁa?)s"rlg?ﬁratrq‘mj. ‘&3 F (AT & A TE T q) iR

& fora Hifv | S

Find a quadrature formula

1
dx .
f)—==0,f )+, f(})+a; £ (D)
.!: Vx(1-x)

which is exact for polynomials of highest possible degree. Then use the formula to

Vx—x3_

o feferia ger-sae 1 3 R ¢(x,y) =y +x? - 2 g1 R T | W v
& GRI-Fe T I | ' :

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

¢(x,y) = xy+x”> — 2. Find the stream function for this flow. 15

1 B
evaluate f o (correct up to three decimal places). 20
0 : s
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8.(a)

8.(b)

8.(c)

mlﬁmﬁﬂ%aﬁm@lﬁm@ﬁun@ﬁ@mwm
x= lmw%lmﬁmmﬁsﬁx——ﬁ@%ﬁé@wmm%mﬁ
x—yﬁﬁﬁhﬁé%ﬁﬁﬁﬁﬂmﬁm%lmﬁ@xWWn@lﬁﬁ
ﬁuwmw%@ﬁsﬁ%aﬁ,wﬁwwyaﬁmﬁﬁql

gfqsr aama

aﬁﬁ@ﬁﬁﬁl’s‘ﬂw‘éﬁ%ﬁ |

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

l
and the other at x = /. It is plucked at x = 3 so 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

: At horizontal tension .
at any time ¢ after the string is released from rest. Take, =c.

~ mass per unit length

fagatt x,, xgte T x; F A zﬁﬂ%@mﬁm&ma@aaﬁfﬁﬁql
Wlmlteeomﬁmﬁmﬁﬁamﬁwﬁaﬁﬁm

_(» —x)(x+x, —2x0) (x = xp)(x; — %) (x— )
L e T b
et | E(x)=g(x—x0) (x—x) (&) FAfe-waa 2 IR
AT (xg, Xg+E, X)) <& < FTAM(xg, Xo+E, X1)

o) +E)

Write the three point Lagrangian interpolating polynomial relative to the points
Xg» X+ € and x;. Then by taking the limit £—0, establish the relation

PGz ICYE-2%) o (50 "°)"“ "’f( S ). "°) =G+ E)

(%= %o)° (> - (%
where E(x)=1(x-x0)(x—x) (&)
is the error function and min.(xy, Xo+&, x;) <&< max.(xq, Xo+&, X;) 15

%Qﬁﬁﬁﬁ@ﬁ,ﬁ@ﬁ&aﬁ)ﬂf@]ﬁ%l@ﬁ%ﬁﬁﬁﬁ 2+y=a® % Tl
g W 3y F GARR T y F FrArgat § |

Two sources of strength E are placed at the points (ta, 0). Show that at any point

on the circle x2+)?= a2 the velocity is parallel to the y-axis and is inversely
proportional to y. 4 15
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