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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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SPM IAS ACADEMY

SHAPING BRILLIANCE » ‘I

1.(a)

L(b)

1.(c)

1.(d)

gug ‘A’ SECTION ‘A’

WM Wi 6 G@qﬁﬁaw%aﬂtﬂmxea:m—mﬁ% Yt fF KcH |
Wi (G:K)=(G:HYH:K) |

Let G be a finite group, H and K subgroups of G such that KCH. Show that
(G:K)=(G: H)(H :K). 10

!
oy 6 wem
x% - y? . . ' | .
f(x, Y)=[~W— ’ (x! y)#(ls _1): (1’ 1)
0

» ()=, D,Q, -1
aa 3R fog (1, -1) R e € |

Show that the function
2

xz——y
f(x,y)=[“““_x_y » ®Bn#A, =D, (1, 1)

0 ’ (xs y)=(l’ l)s (1: "'1)

is continuous and differentiable at (1, —1). 10

e I
]" tan”" (ax)
5 x(1+x%)

dx, a>0,a#1.

Evaluate

T tan ! (ax)

>-dx, a>0,a#1l. 10
o x(1+x%)

T SRR ¢ F DI R /(2) T R v & sk o
Imf(z)=(Re f(2))% ZeD H ug< a<al & | quizg fF DF f(z) 3= R |

Suppose f(z) is analytic function on a domain D in ¢ and satisfies the equation
Im f(z) = (Re f(2))%, ZeD. Show that f(z) is constant in D. 10




2.(a)

2.(b)

2.(c)

- 2.(d)

arht faftr & e & g e WMo wEn @t g i |
ftremepitaur Iy Z=3x, + 2x,
ENCRED
x1—% 21,
X +tx3 23
#R Xy, Xy, X3 20

Use graphical method to solve the linear programming problem.
Maximize Z = 3x; + 2x,

subject to
n-xzl,
x+x 23
and " xj, X, %3 =0 10

R G iR 1 R we § frd A ae: s §, @ g % 5 G¥ Haw

- ¥9d TF B gHIEIiaT sEmher § S iR gee © )

If G and H are finite groups whose orders are relatively prime, then prove that there

is only one homomorphism from G to H, the trivial one. 10
e Z,,% weft o wpg fofa |
Write down all quotient groups of the group Z,,. 10

Faerell @1 SN FRA T, f(4-1, 4-9) F A AF A WK, STl
1
£, ) =(2 + 2y R

Using differentials, find an approximate value of f(4-1, 4-9) where

£ 3)=(* +x2). | 15
aﬁsq%ﬁgﬁﬁﬁaﬁ@zo,Wf(z)mmaﬁ%mﬁamw&aﬂtmuﬁf(z)

R 1@)=2 2@ 3w % foran w1 @, S ¢ (o) B 2 ok R @R 2|

2)"
0" (z)

TG AT Res f(2)=—2 Il'fT:‘.'mBII

Z=2Zy ( 5 1)'
Show that an isolated singular point z, of a function f(2) is a pole of order m if and
only if f(z) can be written in the form f(z)= __4_5(_2)_m

: (z-z)
where ¢(z) is analytic and non zero at z,.
0" V(zy)

Moreover Res f(z)= A ifm=1. 15

- Z=2y ( _"1)'
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3.(b)

3.c)

3.(d)

4.(a)

f(x)_ 5 ¥x€R (-, )
+n x
n=]1 2 3 ..
%qm&mﬂaﬁmﬂwwﬁl

Discuss the uniform convergence of

» VxeR (-, )

1= =

+n"x
=203, . 15

W%W'Ww@mmmﬁﬁzﬁﬁa:
AT HIG Z = x, + 2x,— 3x,— 2x,
v o

X+ 2x-3x;+x,=4
X +2x,+x3+2x,= 4
MR xm X220
Solve the linear programming problem using Simplex method.
Minimize Z = x,+ 2x,— 3x; - 2x,
subject to
X +2x=3x3+x,=4
X+ 2x,+xy+ 2x,=4
and X, X5, X3, x,=0 15

T [ Re(z2)dz 1 A W C F E-GG 0 X 2+ 4i T R, 5 C @
wEqq y =228 | '

Evaluate the integral L Re(z?)dz from O to 2 + 4i along the curve C where C is a
parabola y = x2. 10

AT T o, ISR av@ R &1 @ @y saad g aa Rg R E R/ a2 |

Let a be an irreducible element of the Euclidean ring R, then prove that R/(a) is a
field. ' 10

f&x, y, 2)=xy?2 & AfFaw AF W@ W avd fF oA ool 2 +92+2=¢2
(x,,z>0)% |

Find the maximum value of f(x, y, z) = x%?z? subject to the subsidiary condition
2+y2+22=¢2, (x,y, z>0). _ 15
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4.(b)

4.(c)

4.d)

5.(a)

5.(b)

Wf(z)—(ez )%sﬁ@z 0% i siite Soft foreame &, wuw e e ww =,
Gﬁﬁ%ﬁﬂ<|z|<2xﬁﬁﬂ%l

Obtain the first three terms of the Laurent series expansion of the function

sl
Jere

about the point z=0 valid in the region 0<|z|<2ﬂ:. 10

I dx'asalﬁammaahﬁ&ql

Discuss the convergence of I I——dx. : 15

frafafea wa. @, & w AR =,
aftrrerhiaor fifmg Z=2x, + 4x, + 4x, - 3x,
e 6
xp+tx,+x3=4
x +4x,+x,=8
sﬂ-{ X1y X9, X3, Xy =0
wi wFE & STERT R g, oty R e e (v, x,) T T R )
Consider the following LPP,
Maximize Z = 2x, + 4x, + 4x; - 3x,
subject to-
x,+4x,+x,=8
and Xy X9, X3, Xy =0
Use the dual problem to verify that the basic solution (x;, x,) is not optimal. 10
gus ‘B’ SECTION ‘B’
Frafafaa =ieme :
\p(x2+y2+222,yz—22x)=0
F g fou 1T g5 et it U Sifren srEeRe wEiERe A |

Form a partial differential equation of the family of surfaces‘given by the following
expression :

Y (2 +)?+22, y2 - 220) = 0. 10
~eA-trea faft @1 Swaw aRa gU sl (gifsed) wHiERo xlog o x =12 &
e o YRS o i Tl ash del e | |

Apply Newton-Raphson method, to find a real root of transcendental equation
xlog,qx =12, correct to three decimal places. : 10
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5.(d)

5.¢)

6.(a)

6.(b)

T 2q TE A TF GHEAE 95 04 F R 0 & % 7 & o’ @ ®,
W OF FEAMR 0ZF IR o HN 31 | Tt 8, 3R 023 Ffvsa i o 5wt ;5
o R FH AE AT AT |

A uniform rod OA, of length 2a, free to turn about its end O, revolves with angular
velocity @ about the vertical OZ through O, and is inclined at a constant angle « to
OZ, find the value of a. 10

9t Ffe fi W-F@ Tyt w1 W w®E p(0)=1 F T FEEE G
dywyz_"zaﬁx=0-2msaa%lw&ma'%ﬁ&mamawﬁaﬁzm

.E;-y2+x2

oS (W9 o) 0-2 %0 SwEnr Hifs |

' % o
Using Runge-Kutta method of fourth order, solve Q_: Z-:_,—f? with (0)=1 at
: d y“+x
x = 0-2. Use four decimal places for calculation and step length 0-2. 10
' 6
P fram & e % g W y=| . a1 g W R,

2
0 l+x

WATg A1¢ SMIST 99T U R TwiikeA (wigm/C /cH#) ford |
Draw a flow chart and write a basic algorithm (in FORTRAN/C/C"™) for evaluating

1+x2

y =I using Trapezoidal rule. ‘ 10
A .

woe Sife asaes i @we qeie=or

x%+(u—x-—y)? =x+2y # x>0,—0<y<oo Hl y=1+y & WMF x=1 |
.

siftremeafore faftr & grv @

Solve the first order quasilinear partial differential equation by the method of charac-
teristics : :

du

dx

wenfafen @eel & wAgEl S S eeE oans 1 faftm wen ugf # s
Hifvg |
(@) s 524 = fenadd wgfa # |
(i) 101010110101-101101011 St 3Tt ugfa # |
(i) TYHET 5280 N WA dgha #F | '
(iv) 3d §E Wi T (1101-101)g — (D10 |

x +(u—x-—y)-gy¥-=x+2yinx>0,—oo<y<_oowithu=l+yonx=1. 15
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6.(c)

7.(a)

7.(0)

- Find the equivalent numbers given in a specified number to the system mentioned

against them :

(1) Integer 524 in binary system.

(ii)) 101010110101-101101011 to octal system.

(iii) ‘ decimal number 5280 to hexadecimal system.

(iv) Find the unknown number (1101-101); — (?)10. 15

s P o v worr B e e fifere R e, T b e T,
for gres faforet # wearar (roll) ® | guid fo Tt aﬁﬁﬁ?ﬁrt{ﬁ(b—a)(l+k—z}

a
TS ATel MATHR Aieieh | Fefam © |

A circular cylinder of radius a and radius of gyration k rolls without slipping inside
a fixed hollow cylinder of radius . Show that the plane through axes moves in a

2
circular pendulum of length (b - a)(l + k—z} e : 20
: a

Shree wHieRu &1 ST 9RA §Q, TE e, S F uF R AW a9 (inclined
plane) T 4 F 3R GG @I 8, H &R d W, I x, 7@ R Ffwa g a &
e fomg i gt ® _

Using Hamilton’s equation, find the acceleration for a sphere rolling down a rough

inclined plane, if x be the distance of the point of contact of the sphere from a fixed
point on the plane. 15

forferfe avhiamel B ow-arden ghy RifY A T, e % W@ T e
TH W :

& +y-2z=17,

3x+20y—z=-18,

2x -3y + 20z =25.

Apply Gauss-Seidel iteration method to solve the following system of equations :

2x+y-2z=17,
3x+20y—z=-18,
2x — 3y + 20z = 25, correct to three decimal places 15
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8.(a)

8.(b)

8.(c)

ﬁﬂ%ﬁaﬁeﬂnaﬂﬁ%mﬁmmmaﬁﬁ%mﬁmﬁﬁaﬂ?

AT B 1 &

o*u &u a0y
e +X =—

ox? dxdy oy’ Oy

Reduce the following second order partial differential equation to canonical form

and find the general solution : :

+12x |

2 2 2

a.’f—zxauwczau:@iﬂz _ - 20
dx*  odxdy > dy '

2 ™ el =i & forg

X=AB+ABC+ ABC + AC

() == & T arfdes sma @ |

(i) =I5 A W | ‘

(i) "EIE e & oy aiffs sma 9@ |
Given the Boolean expression
X=AB+ABC+ ABC + AC

(i) Draw the logical diagram for the expression.

(ii) Minimize the expression.

(iii) Draw the logical diagram for the reduced expression. 15
ua Prear R e, e ¥ fBR § 98 w9 p % UF FHa sEded e # Brewa:
F9 FAT 2 | R I W gaE [T ¥, 4 quid i M i gag w Rl e R g
H+lp{d2R2 (dR) } St

2"t

A sphere of radius R, whose centre is at rest, vibrates radially in an infinite

incompressible fluid of density p, which is at rest at infinity. If the pressure at
infinity is IT, so that the pressure at the surface of the sphere at time ¢ is

1 _|d*R* (dRY?
H'*'Ep{dz +(dt] } : 15
3 @i, YAF m ARE A (—a, 0), (a, 0) Forgsii | T 2marf%ﬁ$rf%'ﬁ=fr%g
w® R 2 | Tyl & gr-Yam 5 (2 +)2)2=a2(x2—)2 + Axy) & | F& A W Th
HRtex © |
IR S ﬁ‘-%ﬁl'{ fop et iy femedt ot ﬁl'?gtl'{ (2ma2)/(rl ryr3) %, el sy @'Eﬁ?‘ﬁ 3
IR e & forgelt it swoen: R € |
Two sources, each of strength m, are placed at the points (-a, 0), (a, 0) and
a sink of strength 2m at origin. Show that the stream lines are the curves
(x2 + y?)? = a*(x? — y* + Axy), where A is a variable parameter.
Show also that the fluid speed at any point is (2ma?)/(r, ryr3), where ry, r, and ry
are the distances of the points from the sources and the sink, respectively. 20
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