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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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Qs A
SECTION A

Ql. (a) mFﬂﬁQ%@lﬁmnW@WWG%,ﬁﬁmﬁtn,(m>n)W
&I § | g3 foh G 1 Hife m 1 rfren-a-31fires s SuamE 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

(b) AR w=1flz), zF Tk favaifie wea B, a9 s

2 2
[a—+;2} log [£'(2)] =0 % |

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

&g
g‘%y lOg If,(Z)I X1 1 10

log x T & ¥ sTftRor %1 e £ |

(c) (2 5

O ey DO

2
log x

T

Test the convergence of j 10

(d I x qAM y & B ¢ AN y AAE FHGHOT B G P 8, d
TS fh flz) = p +iq, i = -1 T favaifies wem 2, Gi‘a'rp—% g:':aen
q= gi'*'g%l

If ¢ and y are functions of x and y satisfying Laplace equation, then

show that flz)=p+iq, i=.,-1 1is an analytic function, where
o oy 99 a\I/ 10

p=g—g and q = 6x -
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Q2.

(e)

(a)

(b)

()

freffiad as T aaen #1 g w6 & for fgero fafa w1 swim i
SfereraHieRTor Eﬁ'ﬁﬂ: z =Xy + 2%y
ENGRED X]—Xg 2 3
2%, + X5 <10
X1, X920
Use two phase method to solve the following linear programming

problem : 10

Maximize z =X+ 2Xg
subject to X]—X923

Xq1,X920

Fift 3 AfERY ¥ s () fagia 1 S B §U, T < f, >
v 1t B, @ = 1s L4 Las L

1! 2! n!
Using Cauchy’s general principle of convergence, examine the
convergence of the sequence < f;, >, where f, =1 + % + % + ...+ i' 15
! ! n

ZiET & wh el wuE 1 g gumhl yfafas seet 3, wfhd s@en
frafa sTavas €9 € 99 761 § |

Show that every homomorphic image of an abelian group is abelian, but
the converse is not necessarily true. ' 15
T8 B A BT S 6 I C : z = €9, 0 < 0 < 271, F I AA Iqh FH

2 . .
feafis 2 sk ¢ & wRfy W frgw gm & - Deosbri@ +1)sing

a4 - 2a2 cos 20 +1

3, W&l a2>17% |

Find the function which is analytic inside and on the circle

(a2 —1)cosO+i(a® +1)sin O
a? —2a% cos 20 +1

on the circumference of C, where a2 > 1. 20

C:z=¢€% 0<0<2n and has the value
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Q3. (a) o flz)= % IAh qYT IAh! TG (HTEX) 1 91 SR |
z(sin nz) (z + %j
3 IFAH W flz) & a9 ot 710 AR |
Locate the poles and their order for the function f(z) = L .
z(sin nz) (z + l)
v 2
Also, find the residue of f(z) at these poles. 15
B A S Uy, 0<x<1 F FER 6w, Red e o v F dws

n=}

S,(x) = —21—210g(1+n4x2),xe[0, 1] % g feam o @ | quifse 6 & 78 Soft
n
W TGEIG FEHI KA A G B, TR S U! (), [0, 1] | THEHH
n=1
arfrafea & gt 2

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

is given by S, (x) = 2Lzlog (1 + n*x2), x €0, 1]. Show that the given
' n

series can be differentiated term-by-term, though b33 UI') (x), does not
n=1

converge uniformly on [0, 1]. 20

(©) od Rrgia @1 3w @ gu, Frefafea Wesw s awen i ga Hif
WW z = 4%xq + 3X9 + X3
T3 T Xq + 2Xg + 4xg > 12
3X1 +2X9 + X528
X1, X9, X320

Using duality principle, solve the following linear programming
problem : : 15
Minimize  z=4x; + 3x9 + Xg
subject to  x; + 2x, + 4x5 > 12
3%y + 2%y +x328
X1, X9, X320
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Q4.

(a)

(b)

(c)

quitet % qed Z W §g9e 99 Z[x] 1 fomm At | 7w i x g s
7[x] Y TF TEE S ? | wise 6 S, Z[x] N UH A9 OrSTEd @ wfehd
s TurSTaett A& R |

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] ® gffyq fFr=fafaa e £ % forw it qon =1 dwe wwrhal Tm@
Hifo :
(1—x2)1/2, qﬁxﬂﬁ'ﬁ'ﬂ%l
fix) =
(1-x), Ife x URET & |

31: guIiET % [0, 1] W f fH TwTeha1g T8 8 |

Find the upper and lower Riemann integrals for the function f defined
on [0, 1] as follows :
(1 -x2)12 if x is rational.
flx) =

(1 - x), if x is irrational.

Hence, show that f is not Riemann integrable on [0, 1]. 15

T HUA HT HIH JaUH, IS A, B 3R C = &y st feee,
s, Fraar 3 Jms § Py Ho S € | 9% asfg sEiad § @ d
rftrenTiEt % TamTaRr ht A (FAR w9 H) A d e R

EARIP
At | feocht CH] EAREIG) EEH
A 16 22 24 20
B 10 32 26 16
Q 10 20 46 30

38 fraaa (srEmsi=) Fid hIf, STt Samiaer 6 $ ARG Sl HaH BT 8
3 ~Faw @rra |t i@ Al |
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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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Q5. (a)

(b)

(c)

(d)

wus B
SECTION B

Tuisy fob Ife f 3R g F Tefyd wWad 9 F We® Bod 8, a9
u = fix — kt + ioy) + g(x — kt —iay),

o%u azu_ 1 &%u
1 T & 2 |

. 2
‘—’IET (x2=1"‘k—%7
Cz

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
82—;+92—121=i282—;1,wherea2=1——2. 10
O0x oy C" ot C
TRE-red fafy g fafafaa e e fem &t ga Sife
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)yq 3R (FF), o @l TwTel €9 § GyWeid G9qed F1d hIRT |
(i)  (9B2.1A),; 1 SIHAS A A HIT |

1) Determine the decimal equivalent in sign magnitude form of
(8D)14 and (FF)44.

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

SEIH m AT TS 22 1 Th GGU THAAH a8 T foaehd &fas a8 = @@
8 3 M Go5HH 1 T SAfth 30 T UH SR § g B % =l & | 39 gNF
9IS gr1 77 i T8 gt 1a IR |

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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(e)

Q6. (a)

(b)

T Y48 1 o7 fava ¢,
0= %(x2+y2—2z2)

% g fean e 2 | g Y@ sma i |

The velocity potential ¢ of a flow is given by
o= %(X2 +y2 — 222).

Determine the streamlines. 10
Tutse fop fgfem oot wfientor

%*0(x,y) = %0(x,y) i

5‘X2 ay2

&1 &, T gfdse

0(x, 0) = fix), X € (= o0, 00) % L TAT 6(x, y) — 0
S | x| > oo AR y — oo,

oo

f(&) d¢&
(x, Jak j oA M
ox,y e y2+(x_§)2

DRSNS, AT

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

%ox,y) | %, y)
aXZ 6y2
subject to the boundary condition
0(x, 0) = f(x), X € (— oo, ),
along with ¢(x, y) = 0 for |x| — o and y — o can be written in the form

0, x€(—o0,0),y20

=0, X€ (—o0,0),y20

oo

f(&) d&
(x, )=Z j —_ 2 20
ox,y - y2+(x_5)2

-_ 00

et 9% Y = ABC + BC + AB ¥ R adwma afuw (aifeser afhe)
i | o Frd g sl

A=10001111, B=00111100, C=11000100
% fore fofa Y (wemm amoft) oft um hifse |

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.

(c)

(a)

(b)

‘q‘lﬁg?ﬁﬂ%ﬁaf‘; +-§ = 1, % Teh =quiy, fEeH1 gogmm M 2, &1 38 ad
a

¥ WEad qdT IG% Hg A [ dTelt [T F A0, FSed Y T4 Hi, |
fean mran 2 fop fopeft oft formg W oFca xy & wWIAT € |

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

2 2
i L 1, of mass M about the line passing through its centre and

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

Frafafea Was-swea gt
. e R
(y-9) . +(0—x) B O T
1 98 GHTH I53 T HINY, 1 foh a6 0= 0, xy = 1 M I x+y + ¢ =0,
x2+y2+(t)2=a2 ﬁ'&ﬁmﬂ?{?ﬂ% |
Find the integral surface of the following quasi-linear equation
29

. SR Tt B
(y ¢)6X+(¢ X)ay XY,

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

x+y+0=0, x2+y2+¢%=a2 15

@) aﬁgrghﬂa:mmma;g fram, 3l

(i) HeEh=13% T T (SUwgea) fm
T ITIT b fix) = 5x3 —3x2 + 2x + 1 FI x = — 2 ¥ x = 4 T GHHH

HifSe |

Integrate fix) =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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(c)

Q8. (a)

(b)

AH dfifsre o am &

B(X2 e y2 )

U(X, Y) = 2)2 ’ V(X7 Y) = 2——

(x2+y
W&l B U IR @, I oEdied ar® & forw il @il i d@qse s
2 | 39 I 87 ¥ "gEl (wEifteee) g w1 fufor fifv |

Let the velocity field
B(x? — y?) 2Bxy
U(X,Y)—*, V(ny)_ ’ W(X,Y)=O
(X +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
JATTh STTher T
99 2.[ 99
2x2y| &2 &
P (a +¢j + 2x y(ax +¢]
%! fafgd &9 # wuafa & &a hifg |

Solve the partial differential equation

o ox 4]+

by transforming it to the canonical form. 15

AT o T =e & it FF 1 39T i Ffflad sifwel & 72-5) %

O &1 AThaH hifoT :

% 1 2 3 4 5 6
flx) : 0 1 8 27 64 125
Using Newton’s forward difference formula for 1nterpolat10n estimate
the value of f(2-5) from the following data : 15
B 1 2 3 4 5 6
fix) : 0 1 8 27 64 125
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(c)

T S foh T Fa ga A @ auET, gRE e faudid arerde uite 2a

1 gt W & | gisy o6 wfie & \me g @ aefte

2 2
S al A
x“+(y+a) a

g1 & TS §, el C Th IR 7, qoi-fog Ie@ 1 uen fog 2, o wiet &
e aTeft T@T y 1 79 R |

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 2
P Al Vi )
x“ +(y+a) a
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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