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MATHEMATICS (PAPER-II)

Time Allowed : Three Hours Maximum Marks : 250

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, 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 Booklet must be clearly struck off.
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WUs—A / SECTION—A

1. (@) ¥H e #fe 10 1 oF @8 G ? 991 IR 6 1 & wyr G’ ?) <9 fifg s a1 ¢ & G
W GF ATBEEH R F1 A B

Let G be a group of order 10 and G’ be a group of order 6. Examine whether
there exists a homomorphism of G onto G'.

(b) TUNTECH 4Z +62Z F PIfhHE Wi Z § U J&F ONTEE & ®9 H A i
Express the ideal 4Z +6Z as a principal ideal in the integral domain Z.

i 1.3.5...2n-1) x2n+!

(e 2.4.6..2n) (2n+1)’

x >0 F HAiymo =1 yhign fifs)

n=1
Test the convergence of the series

& 18.5...0n=1) x*tl
2.4.6..2n @2n+1)

n=1

(d) THEH f(2) = flx+iy) =u(x, y)+iv(x y) F 395 viad #§ s @R 5 foau win sfey
ﬁ!ﬁulmm%ﬂz}ﬂogzmﬁmﬂﬁﬁ?ﬁﬁ%%m%mﬁmt

State the sufficient conditions for a function f(z)= f(x+iy)=u(x y)+iv(x, y)
to be analytic in its domain. Hence, show that f(z)=logz is analytic in its

af

domain and find =,

dz

(e) U =Afth ®I 39 W % fo9Q WA A, B 991 C i F891: 24, 24 991 20 TH1E ! EwEHal
RNIOR PHIAF AdaH H AT A, BAA CH FA9: 2, 4 71 1 HE L aA IWARE O &
s HaaH § WEF A, B @91 C &l #99: 2, 1 991 5 §%E 81 i P F UF HdaW F1 qod
¥ 30 % 991 Q F UF WA H Yed € 50 R, q@ AqW @« a1 qEvawarel i gfd ¥ fog
e 391G & Tehe HaeH @lg w7

A person requires 24, 24 and 20 units of chemicals A, B and C respectively for
his garden. Product P contains 2, 4 and 1 units of chemicals A, B and C
respectively per jar and product Q contains 2, 1 and 5 units of chemicals A,
B and C respectively per jar. If a jar of P costs ¥ 30 and a jar of Q costs ¥ 50,
then how many jars of each should be purchased in order to minimize the cost
and meet the requirements?

2. (a) Fag i e 2p FIR & & swfafig o, 5wl p o fowm s sEn R, A p AR =
T ITHE T IAEwEH B

Prove that a non-commutative group of order 2p, where p is an odd prime,
must have a subgroup of order p.
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SHAPING BRILLIANCE

(b) s o T % swEm A fig PR, 6, 3) A A x? +y? +2% =4 A FFAw T At

it s Fifm)

Using the method of Lagrange’s multipliers, find the minimum and maximum

distances of the point P(2, 6, 3) from the sphere x?2 +g,.f2 +22

(c) Wmmmmﬁ“

2
Evaluate Ln

3. (a) g ffmfE x? +1, Z,[x) ¥ & s@eta agee 81 78 ft 2wise & favm ae@

5+4cos6

cos26

d6 1 HH 31 Hife |
S5 +4cosH

€030 db using contour integration.

9 IEFEl 1 TH &7 B

Prove that x2 +1 is an irreducible polynomial in Z;[x]). Further show that

the quotient ring ————

(b) Torg HfeT & u(x, y) =

Zjlx]
(x? +1)

is a field of 9 elements.

Hifs 7o gra Fawifts Bem £ (2) B 2 F W@ F F Hifg)

Prove that u(x, y) =

=4,

e*(xcosy - ysin y) THaTE! § | 391 §H FEAE B v (x, y) I

e*(xcosy - ysin y) is harmonic. Find its conjugate harmonic

function v(x, y) and express the corresponding analytic function f(z)

in terms of z.

(c == M (Bm M) ffy A fr=fifea Was o aren ) ga Fifv

A FT Z =2x; +3x,
=9 6
X;+x9 29
X, +2x, 215
2x; -3x, £9
Xy, X 20

1 TEa9 T A 7 39 IW F % WEGA i |

Solve the following linear programming problem by Big M method :

Is the optimal solution unique? Justify your answer.

SKYC-B-MTH/13
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4. (0 Fm AR & (o b) = wRafa s awafis qF ohee weR £ W AR, @gEE

(b)

(c)

{1fl) = flxa)| : %3, x5 € [a, b]} 1 3= &I

Prove that the oscillation of a real-valued bounded function f defined on [q, b]
is the supremum of the set {|f(x;)- f(x;)|: x;, x, € [@ b]}. 15

Wf(sz%ﬁﬁaﬁgz:owmﬁﬁwﬁﬁqwmﬁﬁ&wﬁmmg@

z-sinz
]
z
Classify the singular point z=0 of the function f(z) =—e_— and obtain the
z-sinz
principal part of its Laurent series expansion. 15

wF favm & s1ag F smdi 5 Fiud & 9w 36% w5 Fd ¥ y@e w0 ¥ fe @
FH # FA F T (02 F) A= e A R R

#
A B C D E
4 9 4 12 4
15 11 20 5 8
17 7 15 12 18
9 13 11 9 14
o 3k 12 9 14

T G % EafiEw F o, y@F FHE B v w e ger g se? ok s va
FA C 78 e s v R, @ wft FE A FA F TR I 9 A awg f 3@ S

<< HB~

A department head has 5 subordinates and 5 jobs to be performed. The time
(in hours) that each subordinate will take to perform each job is given in the
matrix below :

Jobs
A B C D E
Il4 9 4 12 4
Ijis 11 20 5 8
Subordinates oI |17 7 15 12 18
w9 13 11 9 14
V|6 11 12 9 14

How should the jobs be assigned, one to each subordinate, so as to minimize
the total time? Also, obtain the total minimum time to perform all the jobs if the
subordinate IV cannot be assigned job C. 20
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5. (a)

(b)

(c)

(@)

(e)

@Wvs—B / SECTION—B

z=f(x2 -y)+g(x? +y) A QEF Tl fam g F fa@e F s vaswha qHER
i

By eliminating the arbitrary functions f and g from z= f (x? ~y)+g(x% +y),
form partial differential equation.

ﬁm%%=yz—‘xmmmx=omy=1%|eﬁuwaﬁﬁﬁiéwéaﬁ

Yy +x
(@qé‘m)h=0-1%ﬂ@x=0-4%%ﬂymm,w%4w=ﬁaa:mﬁ,mﬁm|
2 dy y2—x o e s oy B ;
Given. — = =_— with initial condition y=1 at x =0. Find the value of y for
Yy +x

x=0-4 by Euler’s method, correct to 4 decimal places, taking step length
h=0-1

R-anurl siwnf F1 IyEm F Frafiied gens # geai 9 § T geha # A
(i) (634-235)g —(132-223)g
(i) (7AB-432)5 - (SCA-D61);6

Evaluate, using the binary arithmetic, the following numbers in their given
system :

(i) (634:235)g —(132-223)g

(i) (7AB-432);5 —(5CA-D61);q

m TSTF 1 T TR M 3EEE 5 g ) ofem W R e f afew S 7 oo fRifes s

v, T=%m[f2+r292]?ﬁﬂ V=GMm[i—%)§mff‘T§§, W& t T W IR % g
¥ (r, 0) ¥, Tocdta fRriF G ¥ A <efgw (R F1 9y) F A A 2a 1 T H A F foAg
et qun Bfees wrfieont 1 3ma Hifsm)

A planet of mass m is revolving around the sun of mass M. The kinetic energy T
and the potential energy V of the planet are given by 51"=%m(r"2 +r26?) and

V=G Mm(zi - 1), where (r, 8) are the polar coordinates of the planet at time t,
a r

G is the gravitational constant and 2a is the major axis of the ellipse (the

path of the planet). Find the Hamiltonian and the Hamilton equations of the

planet’s motion.

UF WA VER §, 2m WA F 0F W z=2 W @ R aw m wmA F @ qfwvm ()
z=2+i 3 z=2-i W @@ & var-tand ya )

In a fluid motion, there is a source of strength 2m placed at z=2 and two
sinks of strength m are placed at z=2 +iand z =2 ~i. Find the streamlines.

10

10

10

10

10
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6. (@) D W@ z=x=0 qu z-1l=x-y=0 ¥ B 9N I 3R AR @Fa wHEw

9%z 02z 9%z .
- 4 =0 ekl $ifsm)

Find the surface passing through the two lines z=x=0 and z-1=x-y =0,
2 2 2
and satisfying the partial differential equation 0% — 4 92 +4 . =0. 15
dx2 oxdy ay2

(b) MIR-HEE FEd &4t A Was afmo fem

(c)

2x; +8x5 —x3 =9
X; —2X9 +9x3 =7

F1 4 Wi 3T 7% GE T T ) R e g x; = x, = x5 =0 @)

Solve the system of linear equations
7x; —xg9 +2x5 =11
2x) +8xy —x3 =9
X; —2x5 +9%x3 =7

correct up to 4 significant figures by the Gauss-Seidel iterative method. Take
initially guessed solution as x; =x, =x5 =0. 15

a1 i FIf 2 F TH AiHH oF B A
L=%m(5c2 +92)—%m(w12x2 +w§y2)+kxy
2, & m, wy, w,, k 3= E| 98 W= 6 Fra i, fred frg wwimo

x =q,cosb-qg,sinb, y=gq,;sinb+qg,cosh

& A@id gy, g, % W A wwifea § P 9 g,q, T @M =G 0 A =, g, 1 g, F
O TS FHER g i)

A mechanical system with 2 degrees of freedom has the Lagrangian

L =%m(.1'c2 +92}—%m(w12x2 +w§y2) + kxy
where m, w), w,, k are constants. Find the parameter 8 so that under the
transformation

x =q,cosB-qg,sinB, y=gq;sin6+qg,cosb

the Lagrangian in terms of g;, g, will not contain the product term G195 Find
the Lagrange’s equations w.r.t. g; and g, independent of parameter 6. 20
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7.

(@) (i) T e weH &1 IS TEEE @EY (CNF) 319 i
foyzt)=xy-z+x-y-(t+2)
(i) e P
fy2)=x+(x-g+X 2)+2

% fadera (Rusffea) wam= @9 (DNF) # =g9q $ifve a0 39 %em & fe
g Rl |415e |

() Find the conjunctive normal form (CNF) of the following Boolean function :
oy zat)=x-y z+X-y-(t+2)
(i) Express the Boolean function
foyz)=x+{Xx -g+X-2)+z

in disjunctive normal form (DNF) and construct the truth table for the
function.

(b) T ARY ¥ R T @rad Sedsr ok form f oy # R Oer 9 = wuaet vy ¥
Fgfen THREEE A VA @i S 2| AW AR B o qen b s e qon der i s #)

ﬂﬁv2>¥g(b—a]%,ﬁaaﬁmﬁﬁﬁaﬁm€‘nwﬁmﬂ{qml

A perfectly rough ball is at rest within a hollow cylindrical roller. The roller is
drawn along a level path with uniform velocity V. Let a and b be the radii of the

ball and the roller respectively. If V2 > gg{b—a], then show that the ball will
roll completely round the inside of the roller.

(c) 3NTTH TThed i

2 2
aza—uzgvli O<x<L, t>0

ax2 a2’
EARIG]
u(,t)=0, u(L,t)=0, t>0
u(x 0) = x, (B—HJ =1, 0<x<L
9t Ji-0
¥ wfoatta g 3 Hifeg)
Solve the partial differential equation
2 2
aga_u=8_u, O<x<L, t>0
dax2  9t?

subject to the conditions

u0,t)=0, u(L,t)=0, t>0
u(x 0)=x, [a—u

) =1, O<x<L
dt Ji-o

15

15

20
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8. (a) HINE FHA GHEHO!

(b)

()

! fafga &9 & warfia Hifs)

Reduce the partial differential equation
%z 0%z oz az(l 1) z_

oy? 0dxdy ox OJy

to canonical form. 15

fon-fufy (oqen-wifen) faft & simwe (o, 3] 8, T log,gRx+1)-x% +3=0 & &
Tl 1, TOHAE 5 6 WM ah |8, e i

Compute a root of the equation log;o(2x +1) -x2 +3 =0, in the interval [0, 3], by
Regula-Falsi method, correct to 6 decimal places. 18

T Fifsre o6 6 vl % 3iavia 9 89 (velocity field) u =c(x? - y?), v=-2exy, w=0
IfEr-Lee g3 il @ T R g9r 9 gu fE wd g &, ofomdt @ 9o s Fif,
a zIRRAM AW e s@ B, =0=B,, B, =—g 2|

Determine under what conditions the velocity field u =c(x? -y?), v=-2cxy,
w =0 is a solution to the Navier-Stokes momentum equations. Assuming that
the conditions are met, determine the resulting pressure distribution, when z
is up and the external body forces are B, =0=B,, B, =-g. 20

* & %k
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