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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. (@ TAARNCHRR IOFF TR GRAINFR 6 MG o G’ S AvufF:=ca ¢’
W U ATeSTEH GHIHIE] 61 A 81

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) TNTEA 4Z +6Z N QUIHE Wid Z § TF F&A [USTEE! & 9 H Ah hisg |
Express the ideal 4Z +6Z as a principal ideal in the integral domain Z.

o 1.3.5..2n-1) x2+!
(C) a'uﬂ 2 2.4.6... (2!1) (2n+1)’

n=1

x >0 % i 1 ghew Hifs)

Test the convergence of the series

= 1.3.5..2n-1) x2n+1
E . , x>0
2.4.6..2n @n+)

n=1

(d) TH B f(2) = fx+iy) = u(x y)+iv(x y) & 79 Tq § s 87 F fou win sl
ﬁ!fiﬂmaﬂmﬁq%f(z)ﬂogzmﬁmﬁﬁ?@rﬁas%w%mﬁﬁm

State the sufficient conditions for a function f(2)= f(x+iy)=u(x y)+iv(x y)
to be analytic in its domain. Hence, show that f(z)=1log z is analytic in its
af
=

domain and find

(e) T AT I WA AW & ¢ WA A, B a4 C 6l F79: 24, 24 q91 20 TH1E H Arawaha
R IR P F WAF WA A WA A, B a9 C ol FHHW: 2, 4 71 1 THIE & a°1 IAE Q &
Y% WAaH § WEA A, B a9 C il HHM: 2, 1 a1 5 30 &1 IR P F UH HdAH H oA
?30 R AU Q F U& HdaH 1 Yed € 50 R, 7@ JAqW @9 a1 AEwgw@st h fd F fog
T IR & fohad Adam @l smd?

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) Tag i F 2p R & = swafafa ag, sl p & fawm g = @, & p Ff #
TF IYEYE B AEEF ¢

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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(b) e o faf % s A fag PR, 6, 3) B M x? +y? +22 =4 § AW N AfwHan

gt 3 Fif)

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

distances of the point P(2, 6, 3) from the sphere x2 +y2 +22 =4,

(c) T BATHEA H1 IFAM F

27
Evaluate

3. (a) T AT x2+1, Z5[x) = srEea agw 8| I8 ft Twizy f fawm aem

0 5+4cosb

2n  cos20

_Z0%<T 46 %1 HE Fa Hifs)
S+4cosH

CoERe db using contour integration.

9 HFFE! H TH & B

Prove that x? +1 is an irreducible polynomial in Z3[x]). Further show that

the quotient ring

(b) g BT u(x, y) =

Z3[x]

is a field of 9 elements.
(x? +1)

Hifve g1 @ma favafis wem f(2) B 2z F 1€ § = i)

Prove that u(x, y) =

e*(xcosy - ysin y) THaTdl B | 91 TR THAE $EH v (x, y) I

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

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

in terms of z.

(© =@ M (fm M) fft A Frafafea s Tamm aven # wa fifvw

AR BRI Z =2x; +3x,
T
X, +x9 29
x; +2x,5 215
2x; -3x,5 <9
Xy, Xo 20

1 3N T G B? YA IW HT qh TG g |

Solve the following linear programming problem by Big M method :

Is the optimal solution unique? Justify your answer.
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Minimize Z =2x; +3x,
subject to
X; +XxX9 29
X +2x5 215
2x) -3x5 <9
Xy, Xo 20
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15
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20
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4. (@ fm fC & [qb) ® wforfia & awdfes 7R TRER wE £ B A, g
{1f0q) = fx3)| : x;, x5 € [a, b]} 1 I R

Prove that the oscillation of a real-valued bounded function f defined on [q, b]
is the supremum of the set {|f(x;)- f(x5)|: x;, X5 € [ b]}. 15

(b) Wf(z)ai%ﬁﬁaﬁgzwmamaﬁﬁqmmﬁhﬁ%ﬁmmg@

z-sinz
W F1d R
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

(c) & favm & sy F amfia 5w & 91 36F T 5 FE ) TR wEH F e W@
FE B F F T (A2t F) S oreqe # Rarmn

Ec]
A B C D E
4 9 4 12 4
15 11 20 5 8
17 7 16 12 18
9 13 11 9 14
6 11 12 9 14

T T F A F o, yoE e B o w R R R e ol whEh v
FA C 7 T 0 whan &, @ oft FEl A A F W aren Fo gEan a9 o 3 i)

|
<<IH8~

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

I14 9 4 12 4

|15 11 20 ‘5 8

Subordinates IT | 17 7 15 12 18

w9 13 11 9 14

Vi i6e 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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W@Uvs—B / SECTION—B

5. (@ z=f(x2-y)+g(x?+y) A Qf5s @l fa0 g F Faelw R Al Fawa qHfiw
ey

By eliminating the arbitrary functions f and g from z= f(x2 -y)+ gr(x2 +y),
form partial differential equation. 10

(b) ﬁm%%:f—'xmmwﬁﬁuxwmy:l%lamiﬂﬁﬁﬂmm

y? +x

(R ) h =013 FL x =0-4 % AT y 1 AW, T & 4 T 7 G, I1a i

3 TR ol e e s
Given —2 =2 "~ with initial condition y=1 at x =0. Find the value of y for
Yy  +x

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

X
h 10

Il

(c) Ta-snurt s # 3w = Fefifa enst w1 e 6 & w el § fifv
(i) (634-235)g —(132-223)g
(i) (7AB-432),4 —(5CA-D61);6

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

(i) (634-235)g —(132:223)g
(i) (7AB-432)¢ —(SCA-D61);4 10

(d) m TR E T T8 M EEHE % g o afeean o @ ¥ 78 A i S 7 e Rl s

v, T=%m(f2+r292] e v=GMm[~21——l) T A E, et W ¥ e

3w (r, 0) &, Tocdta fRRF G & aon deign (7 F1 ) F A A 2a R 1 T H 7 F fog
e au tftees il it 30 i)

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 T = %m(r"2 +r262) and

V=G Mm[2i - 1), where (r, 8) are the polar coordinates of the planet at time ¢,
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. 10

() TF W VAR H, 2m WHLA F Th A z=2 R Rq & am m wwed F A Ahvm ()
z=2+i3 z=2-i W R@ ¥ var-tan @ Hifw)

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
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6. (@ A X@H z=x=0 TN z-1=x-y=0 A T TN I iR ARH HaHa GHFO

2 2 2 )
02 408 40 Z =09 Fge FA a1 Y8 1 Hifv
9x? oxdy  ay?

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 il ~4 g = +4 9% =0. 15
dx2 oxdy ay2

(b) TEE-HRE g faft & Yaw wrfew Fem
7x) = X9 +2x53 =11
2x; +8xy —x3 =9
Xy —2x9 +9x53 =7

F1 4 il 3] 7 TE T T A | FRAF FTHRE 7 x; = X, = x5 =0 A
Solve the system of linear equations

2x; +8xy5 —x3 =9
X1 —2X2 +9x3 =7

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

(c) TEaFa H Ff 2 & uH FiE 9F H FUiE
L=%m(j:2 +92)—%m(w12x2 +w3y?) + kxy
?, & m, wy, w,, k I ) 98 I= 6 14 v, fred g sgiam

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

% Jld gy, g, % W& A wwifEa § W W g,q, T AN W= 0 A =, g, 991 g, F
g T wE Hga fifve

A mechanical system with 2 degrees of freedom has the Lagrangian
L =%m(5c2 +y2}—%m(w12x2 +w2y?) + oy

where m, w;, w,, k are constants. Find the parameter 8 so that under the
transformation
x =q;cosb-qg,sinB, y=gqg,sinb+g,cosb

the Lagrangian in terms of g;, g, will not contain the product term 4,9, - Find
the Lagrange’s equations w.r.t. g; and g, independent of parameter 6. 20
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7. (@) () T e wem F1 Qs e @E9 (CNF) 31 iR
feyzt)=x-y-z+x-y-(t+2)
(ii) T FeH
fxy z)=x+(x-y+x-2)+2

% fadisa (fegsifaea) wam= @9 (DNF) # =59q iR a0 3@ %o ¥ o
HIHH gRvft 913 |

(i) Find the conjunctive normal form (CNF) of the following Boolean function :
fyzt)=xy z+x -y (t+2)
(i) Express the Boolean function
fleyz)=x+{x-g+X-2)+2

in disjunctive normal form (DNF) and construct the truth table for the
function. 15

(b) TF Y ¥ T TH WRae SR Aok § fowm H Ry § ) Jor N = wHaw 9w F
sgfen wheaH A VR @i S @) AW e 6 o aa b s e qon der A Breand )

R v2 >2—;g{b—a)%,aamim1%ﬁﬁaﬁa(%wqpfmﬁimawﬂl

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 > 2?7 g(b—-a), then show that the ball will
roll completely round the inside of the roller. 15

(c) ST et GHIH

2 2
aza—uz-a—-li O<x<IL, t>0

ax?  at?’
EaRiG|
u(,t)=0, u(Lt)=0, t>0
u(x 0) = x, (a_uJ =1; O<x<
ot Ji-o
¥ yfdafia g 3 hifs

Solve the partial differential equation

2 2
a28—3=a—;, O<x<L, t>0
0x ot

subject to the conditions

u©,t)=0, u(L,t)=0, t>0
u(x 0) = x, [a—“

) =1, DL€l
ot J¢—o

20
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8. (a) IR JATHel GHH

oy? _axay dx dy
= fafea w9 § wuvia A

9%z 9%z oz az( 1) z
— + 1+

Reduce the partial differential equation
3%z 0%z oz az(l 1} z_

@ dxdy oJx 0y

to canonical form. 15

(b) faem-feufa (vpen-wifcw) fafa & siqua [0, 3] #, @i log,gRx+1)-x% +3=0 % T&
TS 1, TIEEE F 6 THEI aoh e, AR HIfg)

Compute a root of the equation log;y(2x +1) -x2 4+3 =0, in the interval [0, 3], by
Regula-Falsi method, correct to 6 decimal places. 15

(c) e fp fm vl % ierfa 9 &3 (velocity field) u =c(x? - y?), v=—2cxy, w=0
- Rree g3 Tl F TF 7 81 98 990 g wd W €, aRormdt e @e 3 A,
W& zIRR AN I e 9@ B, =0=B,, B, =-g &I

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
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