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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 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 meanings.

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 (QCA) Booklet must be clearly struck off.
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SPM 1AS ACADEMY

SHAPING BRILLIANCE

Q1.

(a)

(b)

(e)

(d)

wuE A
SECTION A

wH efifee 6 #ife mn #1 v aftfivd @98 G 2, & m 3K n, (m > n) 3w
TEATE 7 | 3TEE foh G &1 Hife m 1 Aferep-d-31fres v Iuame R |

Let G be a finite group of order mn, where m and n are prime numbers

with m > n. Show that G has at most one subgroup of order m. 10

e w = flz), z F1 T favailis wa= 2, q9 curize fb
2 82 g 3

e [ ‘)| =0 B |

[ax2 ayz] og |f'(z)|

If w=1f{z) is an analytic function of z, then show that

i
—+—=| log |f'(2)] =0. 10
[8}{2 ayz) g |f'(2)]

:‘Q’g" dx ¥ e &1 whe £ |
~X

O ey, 1O
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log x

V(2 -x)

10

Test the convergence of J.
0

I x TAM y & Bod ¢ ANy AAE THEU B TR B F,
ZT 1% flz) = p +iq,i= J— 1 T fawaifiss weH &, 91 p =

% , ov
ax+ay%'
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q:

If $ and y are functions of x and y satisfying Laplace equation, then
show that flz)=p+iq, 1=, -1 1is an analytic function, where

p:@_é‘i{ andq:ad) 61|J 10

oy ox ox
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Q2.

) SPM 1AS ACADEMY

SHAPING BRILLIANCE

(e)

(a)

(b)

(e)

frffiaa Has T guen it 8 w3 & fou g &ty & swm Hifs
HAfereparia HITY 2 = x; + 2%y
a'fﬂﬁ 'ﬁ’_’ X]_ = X2 >3
2%, + X5 < 10
X1, X920
Use two phase method to solve the following linear programming

problem : 10
Maximize z =Xy + 2X,

subject to X;—X%X523
2x1 + X9 <10

X]_’ Xz P O

Hsht 3 i % = (Se) figia 1 3w Hd gY, A < f, >
sfirror it wifg $ifse, F@ f, o ik, o o B

1! 2! n!
Using Cauchy’s general principle of convergence, examine the

convergence of the sequence < f;, >, where f, =1 + ‘3 + 2 + ...+ l 15

1! 21 n!

i3y o U el ggE F1 IS T Uidfoe Areel B, Wi gEeh
foulia sravas &9 & 907 76 2 |

Show that every homomorphic image of an abelian group is abelian, but

the converse is not necessarily true. ‘ 15

a8 %o T HIfT S 6 99 C 1z = e, 0 < 0 < 21, % G TAT ITH I

fagafts 2 3 ¢ & ofify w o o= (a” —1)cosﬂ+1(a +1)sin 6
4 _ 232 c0s20+1

B, & aZ>1% |
Find the function which is analytic inside and on the circle
(a2 -1)cos 0 +i(a® +1)sin 0
a* —2a%cos20+1
on the circumference of C, where a2 > 1. 20

C:z=¢€" 0<0 < 2n and has the value
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(b)

(c)

1

S flz) = % 3T aYT 3! T (3ATE) H1 YT TR |
z(sin nz) (z - %J
¥ 3Hdhl T flz) & a9y it 719 Hifsr |
Locate the poles and their order for the function fiz) = : T
z(sin nz) [z + E)
Also, find the residue of f{z) at these poles. 15

groft iUn(x},05xslwﬁaﬂﬁﬁQ,ﬁa%qaﬁnqﬁwahw
A==

Sn(x)=2—1§10g(1+n4x2),xe[0,1]%;’1?{&211@1% | gise fop &) 7 Aoft
n

H UG-gLUS IHid fHAT S a1 8, IAM i U’ (%), [0, 1] T THEAM
n=1
sfiraf 78 2t

Consider the series )~ U,(x), 0 <x < 1, the sum of whose first n terms
n=1

is given by S,(x) = Lzlog (1 + n%x?), x €[0, 1]. Show that the given
2n

series can be differentiated term-by-term, though »° U (x), does not

n=1
converge uniformly on [0, 1]. 20

ga fagia =1 3w s gu, Feffed Was summ qwen ) 7a Hifo
AAHIHT IR 2 = 4x; + 3%, + X4
R GRED X + 2Xg + 4x3 2 12
3% + 2%y +x32 8
X1, X9, X320

Using duality principle, solve the following linear programming
problem : 15
Minimize z=4x; + 3xy + Xg
subject to  x; + 2x, + 4x5 > 12
3x; + 2%y + X328
X1, X9, X320
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Q4.

SPM IAS ACADEMY

SHAPING BRILLIANCE

(a)

(b)

(c)

quiterl % Ser Z W 97U 9o Z[x] 1 famm i | 7 Aifse x g i a
Z(x] Y TF e S ? | guise £ S, Z[x] F UH A9 qoreraet B |fh
3ferss T TE 2 |

Consider the polynomial ring Z[x] over the ring Z of integers. Let S be an
ideal of Z[x] generated by x. Show that S is prime but not a maximal
ideal of Z[x]. 15

[0, 1] & gffa Fr=fafed wom £ % forg suft qen Fer o= wame @
$ife
(1-x2)V2 =g x qfAT 2 |
flx) =
(1-x), Mg x AT R |

ara: gutse % [0, 1) W £ fum auheE 76 2 |

Find the upper and lower Riemann integrals for the function f defined
on [0, 1] as follows :
(1 -x2)V2 ifx is rational.

x)=

(1 - x), if x is irrational.
Hence, show that f is not Riemann integrable on [0, 1]. 15
Teh HUH HT FIHS JaUH, AUHMNE A, B 3R C = & wriea feee,

qag, e i w3 § Fige w6 e € | 90 e st § @ 3
et ¥ ToHTa 1 @ (FAR w9 H) e R

FEE
afteprt | feoeft yeg | Rl | 9
A 16 22 24 20
B 10 32 26 16
% 10 20 46 30

3% e (s Ta ShIfT, S TFTGT Y $& G B FAad HAT
3R =Eaq @rra ft fgifa Hifs |
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The personnel manager of a company wants to assign officers A, B and C
to the regional offices at Delhi, Mumbai, Kolkata and Chennai. The cost
of relocation (in thousand Rupees) of the three officers at the four

regional offices are given below :

Office
Officer Delhi Mumbai | Kolkata | Chennai
A 16 22 24 20
B 10 32 26 16
C 10 20 46 30

Find the assignment which minimizes the total cost of relocation and

also determine the minimum cost. 20
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(a)

(b)

(c)

(d)

@ B
SECTION B

guisy foF It f 3 g A% Teafud @ax = & == B &, a9
u = fix — kt + iay) + gx — kt —iay),

2 2 2 , 2
1 T §A ¢ |

Show that if f and g are arbitrary functions of their respective
arguments, then u = fix — kt + iay) + g(x — kt — iay), is a solution of
a2—u+62—u=i62—u,where(x2=l—-lf-2—. 10
x2  oy2  CF ot2 c?
m3g-Ated fafu g Fafeafes hes wfiwor Fer #i ga Hifv .
2x+3y-z=5
4x +4y-3z=3
2x—-3y+2z=2
Solve the following system of linear equations by Gauss-Jordan method : 10
2x+3y-z=5
4x +4y-3z=3
2x—3y+2z=2

(i)  (8D);g 3N (FF),, o Gfus IRwT0 &9 # g G9ged J1d i |
(i)  (9B2.1A),, 1 WA THICT Fd HIFT |

) Determine the decimal equivalent in sign magnitude form of

(i)  Determine the decimal equivalent of (9B2.1A),. 10

ZSIHM m AT TS 2a 1 UH GGU THEAM 1S UH fae 8fas ad W @
# 3 M 5ea9H &l U Afth 30 T UH O 4 gaL DR a Jadl 8 | 39 GRH
SIS g 7@ 1 T8 g 71 HifC |

A rough uniform board of mass m and length 2a rests on a smooth
horizontal plane and a man of mass M walks on it from one end to the

other. Find the distance covered by the board during this time. 10
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SHAPING BRILLIANCE

Q.

(e)

(a)

(b)

T YaTg &1 a1 fava ¢,
o= %(x2+y2—222)

% g fen T @ | aw Tl sia Hifv |

The velocity potential ¢ of a flow is given by
o= %(x2 +y2 — 2z2),

Determine the streamlines. 10
zatse f f3fem areams wfieron

Poxy) |, oy _

aXZ 6y2

1 &, T gfdsre

0(x, 0) = f(x), X € (— o0, c0) & LT AAT 0(x, y) — 0
T x| = 0 FRy — o,

0, X€(—o0,0)y20

o0

f(&) d&
(x, y) = y I A
o(x, y £ Z 2P

-0

% &9 § for@n s e 2 |

Show that the solution of the two-dimensional Laplace’s equation

3%0(x, y) 4 8%9(x, y)
62[2 8)”2
subject to the boundary condition
0(x, 0) = f(x), X € (= o, =),
along with ¢(x, y) = 0 for |x| — <= and y — < can be written in the form

=0, X€ (~o0,00),y20

= =]

. | f(&) d&
e 7‘... v+ x-&°% =
el =% Y = ABC + BC + AB & fou qdhama iy (wifforper afdhe)
@ifau | fF Fas gas el

A=10001111, B=00111100, C=11000100

% fore frfa Y (wemm groft) oft s Shifs |

Draw the logical circuit for the Boolean expression

Y = ABC + BC + AB. Also, obtain the output Y (truth table) for the
three input bit sequences :

A=10001111, B=00111100, C=11000100 15
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Q7.

SPM IAS ACADEMY

SHAPING BRILLIANCE

(c)

(a)

(b)

mmi+§=1,%@a§m,mmmé,mmw
a

¥ W9 99T IGF F5 U TAH drell @1 G, Feed AT F1q HIT |
faan wan R fop fomelt oft fog W wea xy % HETITE 2 |

Find the moment of inertia of a quadrant of an elliptic disk

2 2
x_2 ks %ﬁ" =1, of mass M about the line passing through its centre and
a

perpendicular to its plane. Given that the density at any point is
proportional to xy. 15

frafafaa tas-wea gt

_o % 9% _

(y—9) é‘x+(¢= X) oy X—Y,
%1 98 GAThS J53 1A HITST, S foF 3 0= 0, xy = 1 3M T x +y + ¢ =0,
x2 +y2 + 02 =a2 ¥ B TIAT B |

Find the integral surface of the following quasi-linear equation

_o) % e e
(y ¢)ax+(¢ x)ay =%

which passes through the curve ¢ = 0, xy = 1 and through the circle

Xx+y+0=0, x2+y2+¢2=aZ 15

G) <o h=1% @y R * g fram, 3t
(i) =NSEh=1% 919 G (Zegea)

Wm?ﬂaiﬂx)=5x3*3x2+2x+lﬂx=—2ﬁx=4ﬂ$m

HiT |

Integrate f(x)=>5x3—3x2+2x+ 1 from x=-2 to x=4 using

(1) Simpson’s % rule with width h = 1, and

(i) Trapezoidal rule with width h = 1. 15
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Q8. (a)

(b)

= ifse fs o &
B(xz—y2) 2Bxy
(: )=_'"_"r (’ )=_'—_! ’ )=0!
e (x* +y%)° g (2% 4y 2ye e

W& B Th R B, W ey yaw & forw nfa el i dqse wwa
2 | 39 A7 &9 ¥ "geart (weifdes) g Rt Hif |

Let the velocity field
B(x? - y2) | 2Bxy
ux,y)= —————-, VX, y)=— %+, wWxy=0
(X2 + y2)2 (X2 % Y2)2

satisfy the equations of motion for inviscid incompressible flow, where B

is a constant. Determine the pressure associated with this velocity field. 20
IV STaehel THIHT

) V[ ey
ay[ax+¢]+2xy{ax+¢} 0

%! fafeq w9 7 wwiafa F& g Hifaw |

Solve the partial differential equation

9 (% NI SN
oy (ax +¢J + 2x y(&x +¢J =1)

by transforming it to the canonical form. 15
YA I e & Wi o %1 394 wh fefofiaa sl @ 12:5) %
HH @ AThad hifa :

> <1 1 2 3 4 5 6
flx) : 0 1 8 27 64 125
Using Newton’s forward difference formula for interpolation, estimate
the value of f{2-5) from the following data : 15
X: 1 2 3 4 5 6
fix) : 0 1 8 27 64 125
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C) SPMIAS ACADEMY

SHAPING BRILLIANCE

1 ST 6w oFa ga § @ guEiar, e aur fauda e wihe 2a
1 gt & | guisy o wine & amg g e s

x2+(y—a)2 y C
2 gt , "
X“+(y+a) a

log

g0 & TR €, STE C T I R, qoi-fog g &1 wew foig R, oK wiat &
SAreH aTelt W y T 37 7 |

Suppose an infinite liquid contains two parallel, equal and opposite
rectilinear vortices at a distance 2a. Show that the streamlines relative
to the vortex are given by the equation

2
x2 +(y «El)2 ———C
+(y+a) a

log

where C is a constant, the origin is the middle point of the join, and the
line joining the vortices is the axis of y.
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