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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 § 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. (a) "H R FR 10 71 0F W G a0 SR 6 1 0% ¥4 G’ B Sifw Afvg 5 =1 G A 67
T U ATeBEsh GHTHTAT &1 Afered 8

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) TONTEE 4Z +6Z 1 QU Wi Z § UE J&F UISTTEc & ®9 H At iy |

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

1.3.5...2n-1) x?2n+!

(€ iy 2.4.6..2n) @n+l)

n=1

x >0 % {hgo =1 wheu hifs

Test the convergence of the series

i 1.3.5...2n-1) x2n+1
2.4.6..2n @2n+1)

n=1

(d) & E f(z) = flx+iy) =u(x y)+iv(x y) F 396 Ta # Fvafts g9 & foau wim sfaey
%ﬁéﬂzlaaawﬁqﬁﬁf(z)ﬂogzmﬁwiﬁﬁﬁvéﬁm%am%mﬂﬁml

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

domain and find g
dz

(e) TF ATH F 394 IAW & o0 WEF A, B a91 C 6 0 24, 24 q1 20 THTE I ATE9FHdl
R IUE P % TS HASH H WEA A, B a° CH HHI: 2, 4 AT 1 THE & 9% IUE QO F
Y% WAaH § WEA A, B @1 C 6l FHE: 2, 1 a1 5 396 &) 9 P % TH HaaW & oA
? 30 AN Q F UF HaaW & Yod € 50 B, 0@ =AaW @4 qu1 AEvaEa i 9fd & fon
Yeish Ic91E & fohed Adam @de 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) fTag fifse fd 2p AR F = suEafafig wE, 5@ p = fawm s g@n 8, 4 p =il =
T ITHYR T AEYEF 8 |

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) s e Tty % 3w @ fig PR, 6, 3) 1 MA x? +y? + 2% =4 ¥ =FAH 91 Afeehad

it Ja i

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

distances of the point P(2, 6, 3) from the sphere x? +y2 +2z2% =4,

2
(c) TR THTEHSA Hl I H | m_c0820 o m g i
0 S5+4cosb
2
Evaluate m_cos26 db using contour integration.

0 5+4cos6

3. (a) Frg AR x2 +1, Z,(x) | w% gy ag9e ¥) 98 ft qwfze fe fasm aem

O 37FFE H Uk &F 8|

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

Z3[x]

5 is a field of 9 elements.
(x“ +1)

the quotient ring

(b) fag RNT 6 u(x, y) = e*(xcosy - ysin y) THIE § | 91 GFH THaTE! B v (x, y) T

$ifS qun T favefis oM f(2) B 2 F w6 § [ 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(2)

in terms of z.
) =@M (fm M) faf & F=fefaa Was Tamm wmen # g« i

HaH R FINY Z =2x; +3x,
F9q 6
Xy +xy 29
Xy +2x5 215
2x; -3x, <9
Xy, X 20

1 TN T Afed1d 77 YA IT I qoh T HIC |

Solve the following linear programming problem by Big M method :
Minimize Z =2x; +3x,

subject to
X;+Xx9 29
X; +2x,5 215
2x; -3x59 <9
Xy, Xo 20

Is the optimal solution unique? Justify your answer.
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4. (o) Tg ANC 7 [q b] ® Rl & aafas 7F TREs we £ e, TgEM
{1f0q) = flxp) | : x;, x5 € [a, ]} 1 I B

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)]: xy, X, € la, b]}. 15

(b) T flz)=—C % fafi fig 2= 0 F1 it i qon Tk T AT vew 1 ge

z-sinz
W 14 i |
eZ
Classify the singular point z =0 of the function f(z) =———— and obtain the
z-sinz
principal part of its Laurent series expansion. 15

(c) TH fawm & ey & A 5 wHE ¥ qu1 IEE U 5w ¥ TR AR ¥ o y9s
FE F F F G (At F) D orrege A Rm o

Fr
A B C D E
4 9 4 12 4

15 11 20 5 8
7 15 12 18
9 13 11 9 14
6 11 12 9 14

F WY % FFAHET & 7T, JdE A F U fhw yer R st aft wdf=d vos
FH C 78 e s wear &, @ wft FEl H wA A R e o FAan g9 o 919 Hifvm)

< 2 &5~
3

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
m|15 11 20 5 8
Subordinates I | 17 7 15 12 18
|9 13 11 9 14
vieée 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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@WUus—B / SECTION—B
5. (a) z=f(x%-y)+g(x?+y) d Qs el fan g & BeE w0 s sEwd
ST |

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

(b) ﬁm%%:yZ"xwwrwmux:owL/:l%umﬁﬁﬁ:ﬁqﬂm

y +x

(V9 &%) h=0-1%1d §C x =0-4 & T y 1 #M, Tamerd & 4 Tl 9% 98, J1a Fif)

2 —
Given dy _y -x with initial condition y =1 at x =0. Find the value of y for
Yy +x

-4 by Euler’s method, correct to 4 decimal places, taking step length
1 10

(c) fTa-smurd siwnfi 1 3wdm o Frefafaa denstt &1 qeare 3T € T vefd 8 R
(i) (634-235)g —(132-223)4
(i) (7AB-432);¢ —(5CA-D61);¢

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

(i) (634-235)g —(132-223)g

(i) (7AB-432);¢ —(5CA-D61)¢4 10

(d) m TR FTF T8 M A g o ot o T R I A s S 7 A et s
v, T=%m(r'2+r292) ol V=GMmL§1——l)§RTEﬁ’T§§, vl t o W UE F yaE
a T

53311 (r, 0) ¥, Tecdt fRRIF G aon g (W8 F1 9) F1 EH A& 2a B ) 7R A 7 & fog
Bt qon Rfteea wefisron =1 F1a Hifs

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 = i}z—m(f‘2 +r292) and

V=G Mm(Qi —l), 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. 10

() TF WA VAR #, 2m wH 1 TH WA z=2 W @ ¥ a1 m wmeA F A Ahvm ()
2=2+13M z=2—i RV @ | varg-amn y@ i)

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. (@) [ WA z=x=0 T z-1=x-y=0 ¥ B FA aell 3N AR aFHed GHFO

2 2 2
072 4972 4972 _ 3 vige #y wren vB 7 Hifvm
ox? oxdy  9y?

Find the surface passing through the two lines z=x=0 and z-1=x-y =0,

e . . . . 02z 02z 0%z
and satisfying the partial differential equation -4 +4 =0. 15
ax?  0xdy  gy?

(b) TEE-HIRH GEd! faft & Yaw T e
7x) =Xy +2x45 =11
2xy +8xy —x3 =9
Xy —2xy +9x45 =7

1 4 WIH Il G FE g T FIO | AR S 7 x, = x, = x5 =0 Yy

Solve the system of linear equations
7x) —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) TEEAd H FIf 2 F F AHF qF 1wt

L= —21--m(5c2 +9?) —%m(wfx2 +wiy?) + kxy

8, S m, wy, w,, k IR E| 98 Y= 6 714 i, R g s
x =q,cosb-qg,sinb, y=gq,sinb+qg,cosb

% I gy, gy F T&I A AUIEA PR @ g g, TE AN TEG 0 @ @, g 991 g, F
A AT FHIH B F1a I

A mechanical system with 2 degrees of freedom has the Lagrangian

2

L= %m(;’c2 +7%) —%m(wlzx +w2y?) + kxy

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

the Lagrangian in terms of q;, g, will not contain the product term d19,- Find
the Lagrange’s equations w.r.t. ¢, and g, independent of parameter 6. 20
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7. (@) (i) T I EH H A TEHE @& (CNF) 319 S
fxyzt)=x-y z+x-y-(t+2)
(ii) AT B
floy z)=x+(xX-g+x-2)+2

1 forisa (feguifaea) wamm= @&y (DNF) # sg9d T 9o 30 %ed % T
HIHH 9ROt 49180 |

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

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

(b) TH IEY ¥ g T @RI SeThR A § fom i feufa # }) Aor 1 w gnad U™ ¥
Hfe THERE o V § ©ien S # 1 AW AR q 9 b www: e qun Ger B s #)

R V2 >27Zg(b_a)%,aaasﬁsmﬁaﬁaza5mwqum|

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 v? s 277 g(b-a), then show that the ball will
roll completely round the inside of the roller. 15

(c) AT Tashcd THER

2 2
a2a—u=a u O<x<L, t>0

ax? St—Q’
EaRiGit
u(,t)=0, u(l,t)=0, t>0
u(x, 0) = x, (a_u) =1, O<x<L
ot Ji-o
¥ yfoatia g 3ma i)

Solve the partial differential equation
2 2

ga_uza_u, O<x<L, t>0
ax?  ot?

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

u(x, 0) = x, (a_u) =1, O<x<L
t=0

ot 20
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8. (a) INH el AHIHW
& _E)2z 0z az[l 1)+

9y? dxdy ox 9y
=1 fafga w9 A garia Hifs)

VA
Z-0
X X

Reduce the partial differential equation
9%z 9%z oz az( 1) z
—_— -1+ =
oy? Odxdy ox Jy

to canonical form. 15

(b) Fem-feafe (ven-wifew) fafer @ siawe [0, 3] #, wHiF log,gRx+1)-x? +3=0 F T
A 1, IHAS & 6 T d Fel, AW HIg |

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

(c) sma FfS 6 for vl % oiarfa 9 &3 (velocity field) u =c(x? —y?), v=—2cxy, w=0
IR - ga gl #1 U 7 | 98 Ad g T v we R, wfomd @ den 3 difs,
¥e z FR ¢ Gl 9@l g & B, =0=B,, B, =g ¢

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

* Kk K
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