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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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1.

@UE—A / SECTION—A
(a) wwigd f o WE G = (1, -1, i, —i}, W& i=./-1) &, WE G'=({0, 1,2, 3}, +4)
F g R

Show that the multiplicative group G={1, -1, i, =i}, where i=,/(-1), is
isomorphic to the group G’ =({0, 1, 2, 3}, +4).

i ]
b) TR flz)=u+iv, z F T AR Fod §, aq u-p=SSXFSIMXTE 3 g o
2cosx—-e¥Y -e Y

f(-g-]m%sanﬂqf(z)wmmﬁﬁﬁl

cosx+sinx-e Y

If f(z)=u+iv is an analytic function of z, and u-v= then

2cosx-e¥-e ¥’
find f(z) subject to the condition f [gJ =0.

(@ [ =25 dx % st w1 wem A

1+ x2

cos X

5 ax.

Test the convergence of J:
1+x

(d) f(zi=—j—weﬁh(i)0<|z-1|<2@i(ii)0<|z-3|<zan%ﬁawhﬂavﬂﬁ
(z-1)%(z-3)
formam Hifer |
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.

(e) Trefafaa YR T wven #) &a w0 F ol oo fafr =1 swim AR
Wﬁﬁ!ﬁz=xl + X,
T4 f%
2x +x9 24
X, +7x9 27
Xy, X 20
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Use two-phase method to solve the following linear programming problem :
Minimize Z = x; + x,
subject to
2x, +xy 24
X, +7xp 27
X;, X 20 10

2. (@ #m i@ % [0, k], k>0 W f(=x2 2 30 & f s=7 =0 [0, k] W f9A
k K3
mmd’m%mnjofdx=?%l

Let f(x) = x2 on [0, k], k >0. Show that f is Riemann integrable on the closed
3
interval [0, k] and [ f dx =%. 15

(b) g Hifsd f% & wE G =1 7= T wfofema, G & frdt fasm we & geard 2

Prove that every homomorphic image of a group G is isomorphic to some
quotient group of G. 15

© [ — cofxd: —, a>b>0 % 7 Frwen % Rl sedn-Fem w1 Iwm HfA)
“® (x* +a“)(x* +b“)
= cosxdx

Apply the calculus of residues to evaluate 5 , a>b>0. 20
(%% +ad)(x? + b2

3. (a) J'C—zii——dziﬁlmﬁﬂﬁﬁ,ﬂﬁc, |z+1-i| =2 ]

z2 42245
Evaluate L z—+4——dz, where Cis |z+1-i|=2. 15
z° +2z+5
x2 y? 22
R e % ofthaw qn =Eaw AW PEf@, SE k+my+nz=0 @
a c
X2 y? 22
Z+ L+ 2 =1 % vhum i s smem fif)
2 12 2
a b" €
- x2 y? 22
Find the maximum and minimum values of—4 +b_4 +=—, when Ix +my +nz =0
a c
x2 y? 22
and —5 +=5 +— =1. Interpret the result geometrically. 20
a? b2 o2
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(c) Trafafaa Was Turm wwen # wwa B g7 7@ IR e 36 wen ffad ) @ =
w1 6 3Ean Aroft ¥ §<ft T #1 gean g ot fafed
Hﬁlﬂﬂﬂﬁiﬁmiﬁﬁaz=ﬁ+x2 +x3
EHcRED

2x; + X9 + X3 2
4x) +2x9 + X3 <2
Xy, Xg, 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) +2x5 +x3 <2
Xy, Xo, X3 20 15

4. (a) WM wifA % R awafos densht &1 wh &9 @ au S, 3 @fi 95wl f(x) e R[], s o
fO)=0=f(1) &, # & 2 fog FA % S, R[x] F & eEed 21 1 @9y o ao1
R[x]/ S T QUi Wid 87 3794 IR 1 TqHR0T AR |

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 < S 4 4 5.5
(b) A x+22"‘ +33’!‘ +44’;’ +55”‘ +o (x>0) F FPEEE W TS F wEw

Hfer |
Test for convergence or divergence of the series
9dy? 33x® gyt 58P
+
2! 3! 4! 5!

X+

+ o (x>0) 15

(c) N i afawres faft & Frafefes whaes aven =1 rfies snurh goma &a 3@ Fifd) 39
T 1 TN X GHET 1 3PAH B Ud GREEA AN F1d iR ¢

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

the transportation cost of the problem :

Destination
A B C D
S [21 16 25 13| 11
Source S, |17 18 14 23| 13 Auvailability
S; |32 27 18 41| 19
Requirement 6 10 12 15| 43 20

@Uvs—B / SECTION—B

5. (a) ﬁmw%%aﬂﬁm,aqaﬁ%ﬁgmmﬁwwf(x'“ y'b)=0%|ﬁ§mm

zZ-c z-cC
i F1d A |
It is given that the equation of any cone with vertex at (a, b, ¢ is
f(’;_:, %—g] =0. Find the differential equation of the cone. 10

(b) =8 faeiam fafy g wdeo fram

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

FI 7 FI |

Solve, by Gauss elimination method, the system of equations

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

10

(c () §E(1093-21875);, I NEER a4 €A1 (1693 - 0628),, I Weu-34 Ygfd A

FEferd |

(i) A FH F (x, y, 2) = Xy + x'z Hl q9g (AFwed) F R & ¥ ° e i |

(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+xz in a product of

maxterms form.
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(d) TEF, N TA-HE A rzﬁm%,ﬁrﬁuaapr%,aﬂk@ﬁmaﬁ%,%wmﬁﬁmq

r

?| emifoEm frferd au nfy 3 wfeol = sgem Hivd)

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) Tt sradten wa % e yeft fdwia (v, 0, y) # Am-92% 2 Mr—3 cos®, Mr~2sin®, 0)

g, &l M & o R snigd % an, fava wer &1 §1 3 fava aun uri@rstt ¥ afisor 3@
Hif |

The velocity components of an incompressible fluid in spherical polar
coordinates (r, 0, y) are (2Mr > cos®, Mr 2sin, 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

2
6. () smahwEm % -9 o ycp ts>omud
ot  9x?

u@©, t)=u(l, t)=0
u(x, 0)=x(l-x, 0<x<I

¥ yfrafia g 3@ FRA |
. du _d%u ; b
Solve the heat equation = = 8—2, O0<x <1, t>0 subject to the conditions
X
u(, t)=u(l, t)=0
u(x,0)=x(l-x), 0<sx<l 20

(b)) T B f(x, Yy, 2 =[x +2)]+y F @0 G@fa=TE qfwy (FEefiEma afde) @
FifR aun vy & o faw/fria (3ge/msege) arof fafad

Find a combinatorial circuit corresponding to the Boolean function

f(x: Y, Z’=[X'@+Zﬂ+y

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

(c) TF &= FAE 3W F F I9hH Wefa M, 9 h a1 uR A BsT 0 F w9 § 3wh
forls T (3% Tan) & ane Sied-3Tol J1a Hifd |

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
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7. (a)

(b)

(c)

AT AThel GHIEHT
(D% +DD’-6D"?)z=x?sin(x +y)

qﬁpgimp'gai,mmaamﬁﬁm

0x Yy
Find the general solution of the partial differential equation

(D2 + DD’ -6D"?)z = x? sin(x + 1)
d

where D = _8__ and D' =——.
0x oy

s W), st T fam @ se Ry =@ R, 1 9 Fefafaa anoft go e mn @) s 3
g 6t o iz ® agn an i o o faver F i A #

t (fre) 2| 4 6 8 10 |12 | 14 |16 18 |20
v (o o /uvar) | 16 | 288 | 40 | 464 | 512 | 32 | 176 | 8 |32 0

frrem & L fem o1 3w w20 e d @@ R g g0 (Fme) w8 srmer o o A
Fifr |

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 |51'2| 32 | 176 | 8 32| O

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

A farg wiet, el wes @ A kR, (ia,O)mﬁa%ﬁm—-gmﬁmwﬁagﬁa,
Tefeg W @ ?) il % @@ wfa o=@ @ qn uwt@nsdt F el oft 3 AR Al
urraErd, st iy fargadl (Ve wize) @ R &, x99 W (+b, 0) W e &, @@
T9igd 6 343 (b2 -a?)? =16a°b.

Two point vortices each of strength k are situated at (ta, 0) and a point vortex
of strength "... is situated at the origin. Show that the fluid motion is stationary
and also ﬁng 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. (a) T=fafaa =1ifde sEwa wigm
YUy +(X+Y Uy +XUy, =0

1 fafea w0 A warfia AR v s @) ga AR

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

YUy HX+Y Uy, + XUy, =0 15

(b) =gd Ff f +=-Fa1 fafa F1 3@ =F alammﬂw%=x+y2,aaﬁsy(0)=1%,aﬁ

x=0-2 W g HfA | gitweq # sowerd & IR WH q% qd1 91 =g (89 9) 0.1 F
IT e |

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. 15

(c) @aiua A fF 6 IR de7 & ©W-fE & @ F ufadl w@r 1 @y fae
w = iklog {(z~ia) / (z+ia)} , & WHAA y =0 TH g W ¥ oM H HH o= (IFe
) W T g T T a9 B ft 3 FifR

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. 20

* %k ok
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