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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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@Us—A / SECTION—A

1. (a) WA A FIMR 10 F1 TF TR G R a0 Ff 6 & T 9y G’ R\ = e fs 71 ¢ A 67

TR T ITeBEh AT F1 Al 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’. 10
(b) TN 4Z +62Z I U™ Wid Z § T &I OTae! & ®9 § e hifsig |

Express the ideal 4Z +6Z as a principal ideal in the integral domain Z. 10

o0

1.3.5..2n~-1) x*+!
(e ’?‘““,El 2.4.6..2n (2n+1)’ il B BT T

Test the convergence of the series

= 1.3.5..2n-1) x2n+l
. ; x>0
2.4.6..2n) (2n+]) 10

n=1

(d) & ®e f(z) = flx+iy) =u(x y)+iv(x y) % 38 Td ¥ fawifts 89 & g w=iw sfeey
mmamrsqﬁsf(z):logzmmﬁﬁmﬁw%mm.

State the sufficient conditions for a function f(z2)= f(x+iy)=u(x y)+iv(x, y)
to be analytic in its domain. Hence, show that f(z)=1ogz is analytic in its

domain and find i _ 10
dz

(e) T AMRH H 39 ITH & TN WRA A, B a4l C il F99: 24, 24 TL1 20 THI§ ol SETIHAT
R IR P & YAF HdaH § WA A, B 941 C H FANM: 2, 4 qUT 1 TS & a1 3996 Q F
T AdaH § WA A, B 91 C il 99 2, 1 @1 5 56K ¢l I P % T "G & 5o
?30 2N Q F & HdaW & Yod € 50 B, 0@ =AaW @9 au1 AEwEHar hl gfd & fog
% IS & fhe Ada @le wmd?

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? 10

2. (a) Fag Hf fe 2p FIR & v swEufafg o, S& p & fawm s = R, d p Hfe #
T ITHYR BT AT B

Prove that a non-commutative group of order 2p, where p is an odd prime,
must have a subgroup of order p. 15
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(b) e R faf % S A fig PR, 6, 3) B M x2 +y? +2% =4 F g qu1 AfewHaH

it sma i)
Using the method of Lagrange’s multipliers, find the minimum and maximum
distances of the point P(2, 6, 3) from the sphere %% +y2 +z2 =4 15
(c) e w1 v e (2700820 4o o1 wm qm Hifw
5+4cosb6
Evaluate T db using contour integration. 20

0 5+4cos6

3. (@ R HRmEL?+1, Zs[xlﬁ@mang%mssﬁm%ﬁmm__—zﬂx]

(x2 +1)
9 ¥aEFE! F TH &7 2
Prove that x? +1 is an irreducible polynomial in Zj[x]. Further show that
the quotient ring Zslx] is a field of 9 elements. 15
(x2 +1)

(b) g AT 6 u(x, y) = e*(xcosy - ysin y) THATE B | T GFH THaE B v (x, y) 19
AT gon Tra Fvafs B f (z) F z % W@ F =AH Hife)
Prove that u(x, y) = 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. 15

(¢ == M (fm M) faftr & Frafefaa Wes Tumm wwen 5@ i :

AaHiEm IR Z =2x; +3x,
aTd %

X, +Xx9 29
x; +2x5 215
2x; -3x5 <9
Xp, Xo 20

1 3T T TG B? Y IW I % A |
Solve the following linear programming problem by Big M method :

Minimize Z =2x; +3x,

subject to
X; +Xxy 29
xX; +2x9 215
2x; -3x45 <9
X, Xo 20

Is the optimal solution unique? Justify your answer. 20
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4. (@) F@ FFT & [ob) ® Rofa & awafes W e wE f W AW, wg=E
{1F0e) = flxa) | : x1, x5 € [a, b] } 1 = 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 € [a, b]}. 15

(b) W flz)=—C % R fig 2= 0 w1 Fhiww A 7 7@ T AN T@R F gE

z-sinz

SIS

ez
z-sinz
principal part of its Laurent series expansion. 15

Classify the singular point z=0 of the function f(z) = and obtain the

(c) T fawm & semg & anef| 5 wiE & 9w 3EF w5 FE &) TEE FHEH F e W@
F ) F F T (A2t F) Y rege & o mn #

#r
A B C D E
4 9 4 12 4
15 11 20 S5 8
17 7 15 12 18
9 13 11 9 14
6 11 12 9 14

F T % AR & foe, TS FEEH F 0 FE R TR R se? aR wlEd v
FE C 7l e s wwan &, o wf 1 H A F W aren por Zhaw a9 it 3 i)

< QI H =~

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

I{4 9 4 12 4

Tmjis 1 20 5 8

Subordinates II |17 7 15 12 18

w9 13 11 9 14

Ve 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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@us—B / SECTION—B

z=f(x2% -y)+g(x? +y) ¥ Vfs® FeAl fan g F1 el = AR Ewha qHiww
Eald

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

d 2 i . . G .
W%?d%:L—Wmﬁﬁﬂﬂx:OWy:l%lmiﬁﬁﬁﬁmm

Yy +x

(V9 ) h=0-130 FLx =0-4 % A y 1 A, e & 4 T 9 FE, 10 T

’ dy y2 =X e el _ :
CHPEY —= = St 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

R-anard i w1 I F Frafiiaa dems # geaisd I € 8 vefa A i
(i) (634-235)g —(132-223)g
(i) (7AB-432);4 —(5CA-D61)4

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

(i) (634-235)g —(132-223)g

(i) (7AB-432), —(SCA-D61)6

m SHF 1 TH T8 M FENH F g3 ) afee R @ 2| T8 A e S 7 aen el s

v, T=%m(f'2+r262)w V=GMm(%1-%) a0 @ T %, Sl ¢ e W TR by

w1 (r, 0) ¥, Tocta fRRH G & qon g (Fr 1 9¥) F1 4 74 2a ¥ ) 7R A G F forg
e o tfiees il 3@ HfvT)

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(f'2 +r2()2) and

V=G Mm(2i —l), where (r, ) 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.

T T TER H, 2m TWA F1 @ Wd z=2 W V@ ¢ a0 m wwA F @ fvm ()
z=2+i 3R z=2-i W @ & var-a@d 3@ Hfw)

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. (@ AW z=x=0 TN z-1=x-y=0 ¥ AR T AT 3R NRH ahel G

0%z 9%z 0%z .
i} +4 =0 I GgE W e Hiferg |
ax? 9xdy  gy? e R

Find the surface passing through the two lines z=x=0 and z-1=x-y=0,
- g ol : o Pz 3%z . 3R
and satisfying the partial differential equation -4 +4 =0, 15
ox? oxdy  9y?

(b) TISE-Hiw g fafy ¥ Yaw gt frm
7x) —xy +2x5 =11
2x) +8xy —x3 =9
X; —2x5 +9x5 =7

W1 4 TIUH Ak Gk TEl T F1q IS | AR AT 7 x; = X, = x5 =0 T

Solve the system of linear equations
Tx) —xy +2x3 =11
2x) +8xy —x3 =9
X) —2X5 +9x3 =7

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

(c) A H Hf 2 F T FiHH 79 F i
L =—;—m(jc2 +y2)—-;—m(w12x2 +w§y2)+kxy

B, & m, wy, w,, k 3= & 98 W=« 6 T hifve, Rrad g swimo
x =q,cosb-qg,sinb, y=g;sinb+q,cosb

% I gy, gy F &I A T ¥ PH G gyq, TE AN I=G 0 A w4, g a9 g, F
TE TS TSN ol FTa hifg |

A mechanical system with 2 degrees of freedom has the Lagrangian

L= %m(ic2 +y2) —%m(wlzx2 + w%yz) + kxy
where m, w,, w,, k are constants. Find the parameter 8 so that under the
transformation

x =g, cosb-qg,sinb, y=g,;sinb+qg,cosh

the Lagrangian in terms of g;, g, will not contain the product term 19, . Find
the Lagrange’s equations w.r.t. g, and g, independent of parameter . 20
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7. (@ () T I we H1 AeTers T WEY (CNF) 91 Hifg
fyzt)=x-y z+X-y-(t+2)
(ii) < e
fxyz)=x+(x-y+x-2)+2

= e (fegsifRa) wom @&y (DNF) #§ =59q HIRT a1 30 %em $ foig
oA 9ot 9918

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

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

(b)) TH IMEY ¥ 8 Th WE SoHHR Aol 3 fm H ffy § 21 Jor A = gvaad 99 F
e wHEHE 9 V@ dien St B 9 AT 6 o qun b wEe: e qun Jer i Bt §)

Rk V2 >§g(b_a)%,aammﬁsﬁaamaaw@mac@m|

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 > 272 g(b—-a), then show that the ball will

roll completely round the inside of the roller. 15

(c) AITTH STahed GHIHT

2 0%u  9%u
a —————

—, O<x<L, t>0
ax2  ot?
%1 wrat
u@©,t) =0, u(l,t)=0, t>0
u(x 0) = x, (—a—lf) =1, O<x<L
ot Ji-o
¥ yfaefta ga 1 fifsm)

Solve the partial differential equation
2 2
ag?_u_=8_u, O<x<L, t>0
ox? ot?

subject to the conditions
u@©,t)=0, u(L,t)=0, t>0

u(x, 0) = x, (a_u

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

20
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8. (a) T rahdl THiHT
02z 9%z oz az( 1) z
1+

dy? 0xdy ox Oy
%! fafea v & e fikm)

Reduce the partial differential equation

2 2
g_ 07z +E_E(l+l]+g =0
dy? 0xdy ox dy x) x

to canonical form. 15

(b) Trom-ffe (ven-wifcw) faft & siaua [0, 3] #, @i log;gRx+1)-x2+3=0%F
A F1, IEAD & 6 TIHI d Hal, AHe Hig |

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

(c) T Ffsr 7 fF wdl % eiarda 9 &3 (velocity field) u =c(x? - y?), v=-2cxy, w=0
Aferr-wem w3 Tl 1 T w81 98 W gY TR v e g, afomd ae s i i,
W& z W @ N @ e 9@ B, =0=B,, B, =-g %I

Determine under what conditions the velocity field u =c(x2 - y2), 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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