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CRNA-S-MTH

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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@Us—A / SECTION—A

1. (a) =igd F PR W G=(1, -1, i, —i}, & i=,[-1) & ¥E G'=({0, 1, 2, 3}, +4)

F qoar R
Show that the multiplicative group G={1, -1, i, —i}, where i=4), i
isomorphic to the group G’ =({0, 1, 2, 3}, +4). 10

-y
(b) qﬁ f(Z)=u+iv’ zm@mwt’ LRI u_v_Cosx+Slnx e % aayr(f
2cosx-e¥Y -e7Y

f(%):O%mf(z)mmmﬁﬁil

inx-e ¥
If f(z)=u+iv is an analytic function of z, and u-v= COSXTSINX~€ | then

2cosx-e¥Y-eY

find f(z) subject to the condition f(g) =0. 10

© J COSY dx 3 safirror 1 e Hifd |

1+x2

Test the convergence of J': cos:; dx. 10
1+x

(d) f(z)=————21——w@ﬁﬁ (i) 0<|z-1|<2 T (i) 0 < |z—-3| <2 ¥ ford 3y <nif Aot &
(z-1)"(z-3)

forem sl

Expand f(2 =—21—— in a Laurent series valid for the regions
(z-1)%(z-3)

(i) 0<|z-1|<2 and (i) 0 < |z-3|<2. 10

(e) Trafefaa Was T wven ) ga 0 & o fimwo fafy = swam i -
A IR Z = x; +x,
ENGRED
2x; +xy 24
X, +7xy 27
X1, Xo 20

CRNA-S-MTH/18 2



Use two-phase method to solve the following linear programming problem :

Minimize Z = x; + x,
subject to
2x) +xp 24
X, +7xy 27
X, xo 20

10

2. (@) WA A % [0, k], k>0 W fx)=x2 B 2w % f e =w [0, k] W Twm
k k3
m%?mjofdx=?%l

Let f(x) = x2 on [0, k], k >0. Show that f is Riemann integrable on the closed

interval [0, k] and I: fdx=

3
3

15

(b) g HifR % & v G F 73 T wfife=, G % fRed fasm @ & gearerd )

Prove that every homomorphic image of a group G is isomorphic to some
quotient group of G.

J-ao cosxdx

(c)

Apply the calculus of residues to evaluate Jm 3
= (x

z+4

3. (@ [ —

+2z

Evaluate IC m

(b)

+5

= x2 +a?)(x2 +b?)

15

, a>b>0% AF e & o ativ-wem &1 35 )

cosxdx

, a>b>0. 20

dz %1 WA frefer, s'f C, |z+1-i] =2 R)

z+4

dz, where Cis |z+1-i|=2.

+a?)(x? +b?)

15

F AfFHaH qN FEaN 9H PR, S Ik+my+nz=0 @

=1 % vRom f sarfrda samen HivE)

2 2 2

. : .. X
Find the maximum and minimum values of =4 y_ -+

CRNA-S-MTH/18
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=1. Interpret the result geometrically.

when x+my+nz=0

20
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() TrafRea Waw Tumm wven = wwa Ry g0 70 SRR soh 3 wven fafad) & T
e 3ean qRo A St qEE # 3EaE 7 off iRy

Nﬁaﬁtﬁmﬁﬁ'&2=xl+x2 + X3
EMGAED

2x1 + Xy +X3 <2
4x) +2xy +x3 <2
Xy, Xo, X3 20

Solve the following linear programming problem by the simplex method. Write
its dual. Also, write the optimal solution of the dual from the optimal table of
the given problem :

Maximize Z = x; + x5 + x3
subject to
2x; +xy +x3 <2
4x) +2Xx5 + X3 £2
Xy, X9, X3 20 15

4. (a) WH R 5 R arafos Gemst & w &9 § a1 S, 1 @ 9gw6& f(x) e R[], s R
fO)=0=f(1) %, # &7 2| fag ARA & S, R[x] F T eEedt 21 1 @@y o qo@
R[x] /S T QUIhI Wid 87 319 I H1 TR0 G|

Let R be a field of real numbers and S, the field of all those poly-
nomials f(x) € R[x] such that f(0) =0 = f(l). Prove that S is an ideal of R[x].
Is the residue class ring R[x] /S an integral domain? Give justification for
your answer. 15

2.2 3.3 4_4 5.5
2°x 3°x 47 x 5%
gt x+ + + +

b,
®) 2! 3! 4! 5!

+oo (x>0) % PO T FTEWO HqhEY

FIRR |

Test for convergence or divergence of the series
2.2 3.3 4 _4 5.5

+2 x“ 3"x° 47x +S X
2! 3! 4! 51

X

+ - (x>0) 15

(c) drie i wfered faft & FrafeRan whaea auen &1 smfies snur gama & 1@ FRR)
T 1 I9ANT R GET HI 3TAH A C6 IR AT F1d HIRA

T~doq
A B C D
S, 21 16 25 13|11
M S, | 17 18 14 23 | 13 Irar
S;| 32 27 18 41|19
gt 6 10 12 15 | 43

CRNA-S-MTH/18 4



Find the initial basic feasible solution of the following transportation problem
by Vogel’s approximation method and use it to find the optimal solution and

13 Auvailability

the transportation cost of the problem :
Destination
A B C D
S |21 16 25 13| 11
Source S, |17 18 14 23
S3 |32 27 18 41| 19
Requirement 6 10 12 15| 43

@Us—B / SECTION—B

20

5. (a) e s (g, b, c)aréﬁﬁ@ﬁﬂ@wwmf(ﬂ, M):o%m@mw

iR 3ma hfsR

Z—-C 2Z-cC

It is given that the equation of any cone with vertex at (a, b, ¢ is

f (x—a’ Yy _b) =0. Find the differential equation of the cone.

Z—-C zZ-c¢C

(b) TR faeiam fafy g wdie e

2x+2y+4z=18
x+3y+2z=13
3x+y+3z=14

I B hifol |

Solve, by Gauss elimination method, the system of equations

2x+2y+4z=18
x+3y+2z=13.
3x+y+3z=14

10

10

(c) (i) & (1093-21875),, I JEHW T T&A1 (1693 - 0628),, FI TSA-UH Fgfd A

efer |

(i) IHE EH F (x, y, 2 = xy + x'z7H A5 (Fawed) F PR F w9 5 Afers Fid)

(i) Convert the number (1093-21875)

(1693:0628);, into hexadecimal systems.

into octal and the number

(i) Express the Boolean function F(x, y, 2 =xy+x’z in a product of

maxterms form.

CRNA-S-MTH/18
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(d) @m,shaa-éﬁﬁr{ﬁw%,%ﬁﬁaaapr%,aﬁk@m%,%mﬁﬂﬁm

r

?| wmifsem fraferd qun nfa & wdion A sgam Hifm)

A particle at a distance r from the centre of force moves under the influence of

the central force F = —%, where k is a constant. Obtain the Lagrangian and
r

derive the equations of motion. 10

(e) et sradften @ & e yeft Fdwiant (7, 6, ) § A1-92% @ Mr 2 cos®, Mr2sin6, 0)

g, i’ M U forms §) suied & am, fawa yor &1 #1 3 fava aun yrranstt & e 39
EAED

The velocity components of an incompressible fluid in spherical polar
coordinates (r, 6, y) are (2Mr'3 cosB, Mr2sin 6, 0), where M is a constant.

Show that the velocity is of the potential kind. Find the velocity potential and
the equations of the streamlines. 10

du _d%u
ERr
u@©, t)=u(l t)=0
u(x, 0)=x(l-x), 0<x<l

6. (a) = GHE O<x<l, t>0% 3al

¥ vfoafea g @ FfR |
. du d%u . "
Solve the heat equation m = a—z, O<x<l, t>0 subject to the conditions
X
u(©, t)=u(l, t)=0
u(x, 0)=x(l-x), 0<x<l 20

(b)) TEE FA f(x, y, 2 =[x ([ +2)]+y F G4 TEEEAAE AUy (SifeHaigd afde) F@
IR qen afy & fod Fraw/fefa (3age/emseyge) anoft fafed )

Find a combinatorial circuit corresponding to the Boolean function

flx, y, 2=[x-G+2]+y

and write the input/output table for the circuit. 15

(c) TH @ FdE 38 TF 1 39 Tefd M, 9 h a91 uR H BT o ¥ w9 § 390 =
forda Y (s @) % are Sreea-3mel 3 e |

Find the moment of inertia of a right circular solid cone about one of its slant
sides (generator) in terms of its mass M, height h and the radius of base as a. 15

CRNA-S-MTH/18 6



7.

(@)

(b)

(c)

AR 3fashe Tt
(D? +DD’-6D"?)z = x?% sin(x +Y)
aﬁDsiHmD'si,mmgamiﬁﬁﬁl
ox dy

Find the general solution of the partial differential equation

(D? +DD’ -6D"?)z = x? sin(x + 1)

where D Eai and D’Ei.

X oy

T e, S T faam @ So uny S R, 1 9 i anof g R mn @) weem @
g 6t o e § aun o i fo o /avar § f A R -

t (fFe) 2| 4 | 6| 8 10 | 12| 14 |16 18 |20
v (Reo Hio/avar) | 16 | 288 | 40 | 464 | 512 [ 32 | 176 | 8 [32] 0

T % L fam =1 3w e 20 fie & @3 el g1 gh () s o e &
Hifr |

The velocity of a train which starts from rest is given by the following table, the
time being reckoned in minutes from the start and the velocity in km/hour :

t (minutes) 2 4 6 8 10 |12 | 14 |16 | 18 | 20
v (km/hour) | 16 [ 288 | 40 | 464 [ 512 | 32 | 176 | 8 |32 O

Using Simpson’s %rd rule, estimate approximately in km the total distance run
in 20 minutes.

A farg wftrer, el e 1 WA kR, (ia,omfaaa%am_gmumqmﬁaaﬁa,
Hafeg W @ ?) 30 % @ fa o=@ @ qu arnett & wdfeo off 3 fivd) 3k
grR@Emd, st wifey forgatt (Remem wig=) & et §, x-319 W (b, 0) W e &, =
g % 3v/3 (b2 -a?)? =16a°b.

Two point vortices each of strength k are situated at (+a, 0) and a point vortex
of strength -—g is situated at the origin. Show that the fluid motion is stationary
and also find the equations of streamlines. If the streamlines, which pass
through the stagnation points, meet the x-axis at (tb, 0), then show that
3J3(b? -a?)? =16a°b.

15

15

20
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8.

(@) Tr=faRaq e sEwa afism

(b)

()

Yy +(X+Y Uy, +XUy, =0

= fafea w0 & warfia A 2R o7aua o g FIRA

Reduce the following partial differential equation to a canonical form and
hence solve it :

Yy +(X+Y Uy + XUy, =0

=gd FIR A -1 fafy =1 3@ =& Wm%=x+y2,mﬁy(0)=l%,aﬁ

x=0-2 W T FfA| ieeH § e & IR WHEI q6 a9 9 =i (VY 99) 0-1 F
IganT i |

Using Runge-Kutta method of fourth order, solve the differential equation

% = x +y? with y(0) =1, at x =0-2. Use four decimal places for calculation and

step length O-1.

Fya HRE fF & gueR Soh F ©-FE @ ®a F oufad v w1 afm fave
w = iklog {(z—ia) / (z+ia)} &, Sl GHae y =0 T gg 1 ¥ FeW N F o (I
) | R g TR T 7 H ft Ja AR

Verify that w =iklog{(z—ia) /(z+ia)} is the complex potential of a steady flow
of fluid about a circular cylinder, where the plane y=0 is a rigid boundary.
Find also the force exerted by the fluid on unit length of the cylinder.

* kK

15

15

20
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