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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.

1 URC-B-MTH




SPM IAS ACADEMY

SHAPING BRILLIANCE

1.(a)

1.(b)

1.(c)

1.(d)

1.(e)

g ‘A’ SECTION ‘A’

o1 whfg 6 5, 9 Z, 9w 3 Wil o1 3T HiE @ Hieqd 3 SaiiE @i &% T € |
zufzu f5 5, 71 Z, & g0 gummian & sifafes #18 9 wnmERan 761 © |
Let §; 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 ST R 767 oEe Wit | quise TR R & Rwwr-gaa i s gemae,
Hed ONTEel & 997 R/P, R & JAWTSAUnae! P & fod & Joemeet Wi © |

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 fifg fo
|an+l —anl's“ a |an 8,

, & | 0<a<] @t aft wrHfas deasit 22 ¥ fg g
FA AT IR (a)), HI-ITGHH B €

Prove that the sequence (a,) satisfying the condition

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

T jc(z2+3z)dz =, (2,0) A (0,2) 9% 9% C &% aWTEd I el | C 59
|z[=2 &, 7w frefere |

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

Iau-i-l _anl"(“alan —a,

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

7.91.78.Hl. % TEREE 99 7 waq # 9l S Aawesar-qfd 8g Uel-F9s & 9
T W gHe T ¥ | udw e B wE 17 52 ® | wdl h g & SER
FEaEFal fafatag @ :

ol i T (W) s wen
5

700
9 400
7 300

el wd eft wegf i oAt wuw | At w1 @ wR W g B wen 51 fofg
W YFR T ¥g B 79 wem-wf Tmem 9, w fas dume awen w1 g
& # fufor g | ww @ aER gEe g W Afv
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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 feet) Number requived

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. s 10

AF AT G, n GHERs 1 URfaa w6 w9 € | @ fag Ff % 6 % ¢@) wws
T (el | ¢ FAR %o &) |

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

fag Fifsw f5 w5 f(x) = sin 22 R [0, o] I THFEHF GId TET € |

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

[0, o[. I5
Hrgl THIHEH 1 JIAN &R, HTI'IT:I’HI — 4O & AA T fif |
3+2sinf '
_ 2z
Using contour integration, evaluate the integral J—l_—-dﬁ. 20
. 3+2sinéd

0

"9 T R, p(>0) sifeeor o1 uw aRkfim &9 ® | quiET % fa) = of, VeeR TR
gierfia whafemr £ RHR wFs wEERl @

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

wn faftr & g fre=fafas Wes domm a9er = 50 Ao .
FAAHIE HIY z = — 6x, — 2x, — 5x;

EECIRED 2% - 3x, + x, < 14
—4x; + 4x, + 10x; = 46
2%, + 2x, — dx; < 37
Hn=2x=1lxnz3
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3.(c)

4.(a)

4.(b)

4.(c)

Solve the linear programming problem using simplex method :
Minimize z = — 6x; — 2x, — 5x; :
subject to  2x, — 3x, + x; = 14
— 4x; + 4x, + 10x; < 46
le + 212 — 4X3 37
& 3

‘qﬁ u=tan_1xxii s XEY
2 2 2
KE| aaﬁzq% x2~a-‘-;—+2xy G +y2'3’2‘ = (1 — 4 sin%u) sin 2u
ox dy dy -
If u= tan"li-—-l-lw xX#£Yy
s 2 2
2 0°u o“u > °u LB T
then show that x? —+2 + = (1 — 4 sin®u) sin 2u
2 P o g

Rk wr, 9)_='(r-.%]sine, r#0,
o= fawifie %M f(z) = u(r, 6) + iv(r, 6) T Hifm |
If v(r, 9)=(r—;1_—)sin9, r#0,

then find an analytic function £(z) = u(r, 0) + iv(r; 0)

ni2

sIn” x 1.
ﬁgq dx = —log (1+2
% J‘smx+cosx Jp B )
7:/2
‘sin” x | [l
— dx = —=log (1+2
Show that .[sinx+cosx ﬁ s"( )

15

20

i5

15

0
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5.(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

vs ‘B’ SECTION ‘B’

z=yf(x)+xg(y) ¥ W= Ferl f(x) T g(y) B el & ENC I CE T
welian =TT T T wEh (Sefgdia, sfRada @1 wae) x>0, y>0 &
# sfim Hifm |

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

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

e i e ; f(x)=cos”—("§+—l)-+o-148x—0-9052=0

1 T G AT (<1, 0) H T Th I (0, 1) H R | RONHF Yo AR
fafr ¥ cvweE ¥ 9R WA T FE A R |

m(x+1

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. A e

R g(w, X, ¥, 2)=(wHx+ p)E+F+2)w+ ) Th eid-Hem ¢ |

gw,x, y,z) Ht UNTHG WA W@EY (Fiafed AW BH) WM T |
o(w, x, y,2) ¥ TA-vS (B ) F e H w9 st =@ A |

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

AR IrEeRel TR
(D®-2D2D’ — DD +2D"*)z = ¢ '+ sin(x - 2y);

L0 -
Bt
@ B HifST |

Solve the partial differential equation :
(D? -2D?D’ —~ DD'? +2D")z = ***7 +sin(x ~2y);

! 5 _d
De—,  Ds—
= 3 i 10
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Se)

6.(a)

6.(b)

frg Fifom for PR wed 4BC 91 0% 99 ¥ 4 ¥ DR W A Rt ot ser
& qRE g -y

%(ﬁ“ﬁrﬂ'z)
8 S WMTeH i G am g Ay TN BI C A & W A W aw= &Y
At €

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

M 2
< (B +pr+y?)
where M is the mass of the lamina and S8, y are respectively the length of

perpendiculars from B and C on the axis. 10

FfiE yawa qHiERw ;
(x—y)yzg—z+(y-x)x2§5=(x2+y2)z
x - dy
H Wz =0, y=0 W I FR GART T aN GAHT Y5 F A R |

Find the integral surface of the partial differential equation :

o0z

ox
that contains the curve: xz = 4%, y=0 on it. 15

_ Sy
(Jr—y)yz—Jr(,v-J|r)Jc2-é~z-=(Jc2 +y%)z
dy

wHtERw fwE : dx +p + 22 =4

Ix+S5p+z=7

x+y+3z=3
& ' F foq mew-ded gedl fr-ffr Pt St @ swhe afe
X0 =0 q 7R WF T IR Fad ffm | garaa (Frega dw) & 0 Frefor
3R gRmEd ot ¥ gern Rifwg |

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

Ix+S5y+z=17

x+ty+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.(a)

7.(b)

7.(c)

T w0 fomht "ol m @, x2 + 92 = R2, 7ol W R IR B, T/ IRANG e ) Ty
3 fore orertfie & 1 7 3t foeg A AR ot o 7 gt Farg R g 3 s
e ¥ e ) S F=—k7, TR Rk R L, X 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 = R?,
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=lir , k is a constant. 20
Hifyrs s wfie ; ; ;
. z Z
z=2(p*+¢*)+(p-x)g~y); p= =
x dy

F o AR R SRR x-otr ¥ oRan |

Find the solution of the partial differential equation :

z=3(p* +4")+ (p-x)g - y); "p—gz, q=§§

which passes through the x-axis.. &
@mrvﬁ & 1%-“1

'_[f( Yi——— —0-'1f(0)+a2f( )+0:3f(1)

mwaﬁrmﬁmﬁﬁmwﬁa&mmm%a@a%ﬁqw(ﬁ@a
m)ﬁlaﬁ?ﬁra@ﬂj
% forg <ifsrg |

Find a quadrature formula

H (U & T I O% WE) qeieA

Vx-x

_[f( ) —— —a.f(0)+azf( }+e £(D)

whlch is cxact for polynomlals of h1ghest poss1ble degree. Then use the formula to

evaluate I \/— (correct up to three decimal places) 20
x—x

s feferim gen-vae = aa faom ¢(xy) y+x?—5° mf&mw%rsﬂm
& URI-%H A1 Hfng |

A velocity potentlal in a two-dimensional fluid flow is given by
#(x,)=xy+ x> — . Find the stream function for this flow. 15
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8.(a)

8.(b)

8.(c)

mlﬁwﬁﬁaﬁﬁﬁwﬁaﬂmqmﬁnﬁaﬁgmwz@n
x= lmw%lmmﬁsax-gﬁg%t{a@ﬁ-ﬂTWW%m&qs
x—yaaﬁhwé%ﬁgaammﬁm%_iﬁwﬁﬁqﬁxww:,éﬁaﬁ
frmmEEn ¥ By ¥ @R, | frmwE y ® s A |

gfas qam=

i s e e

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

l
and the other at x =1 It is plucked at x = 3 50 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
mass per unii_: length

famgat xp, xgte T x, & OA dm-firg IR-sradan wgag @ ferft |
WIMESAOHT@WWWH&%WF&H%Q

G- let 0 - 2xa) i e L2 "")(x‘ =2 T e ") f(x)+E(x)'
(x—%)° (x— (x -

sl W E(x)=1(x—xp)2 (x—x).f " (E) ﬁ—w ? R

AAH (xy, Xg+E, x1) < & < I=AAH (xp, Xy +E€, X)

at any time ¢ after the string is released from rest. Take,

f(x)=

Write the three point Lagrangian interpolating polynomial relative to the points
A xo-l-s and x,. Then by taking the limit £ —>0, establish the relation

=t ’;)(‘"”‘ 2%0) £ () + S (J“’)("‘ x)f(o)‘l'((x %) f(x1)+E(x)
“ [ l 1

where E(x)=4(x—x)* (x—x)f ()

is the error function and min.(x,, ¥o+&, X;) < & <max.(xy, Xo+&, X;) 15
g afts o Q1 &, gt (2o, 0) = B & | 2w 3@ 2+y2=a? F T
it fag W ¥ y-or F WARK 71 y F IS T |

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

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