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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.

Questions no. 1 and 5§ are compulsory and out of the remaining, any 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 otherwise mentioned, 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 (QCA) Booklet must be clearly struck off.
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Tus A
SECTION A

Ql. (a) Wﬁﬁpqﬂ@H@G%,aﬁpaﬁTqmélmﬁFWﬁG@m
U 2 A1 S ft STacEHE (A-3msefed) eE, G % A HaI ¥ AT
EEEZCI
Let G be a group of order pq, where p and q are primes. Show that either

G is an abelian group or no non-identity element commutes with every

element of G. 10

(b)  =wisY fof FforEa wid § Tekeh YRIGE TS TUrSTTE s 2 |

Show that every non-zero prime ideal in a Euclidean Domain is maximal. 10

n
(1 + sin E) -1
(© fx =lim X x e (0, 1) 3 gfefa &M £: (0, 1) > R &
n (1+sin "] £1
X
rgided foig Jra hifs |
Find the points of discontinuity of the function f: (0, 1) - R defined by
n
(1 +sin E] -1
f(x) = lim 2L m e {0, 1) 10
n—owo . TT
1+sin —j +1
x

(d)  2EC foh ®o f(z) = || xy | Tot-Teig o forweifives = @, Staifeh 3@ feig ot shieft-Gm
T €I B4 & |
Show that the function f(z) = /| xy | is not analytic at the origin, although

Cauchy-Riemann equations are satisfied at that point. 10
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Q2.

(e)

(a)

(b)

frmferfad tRash o e &t 8a awe &t arhi fafyr @ g A
WWY = 10y, + 6yy + 2y3 + y4
7 Sragy & Siaa
Y1+Yo+Yyg+yy 22
2y1+yo—y3—2y,4 21
Y1, Y2, Y3, ¥4 20

Solve the dual problem of the following linear programming problem by

the graphical method :

Minimize Y = 10y + 6y, + 2y3 + y4
subject to the constraints :
V1 +Yo+Yg3+yy 22
2y1+y9—y3—2y, 21

Y1, Y9, Y3, ¥4 2 0 10

WHT HIfE 2 % 3 AT u IR v ¥ I T TRiHT T8 G 7 | T F G, 2n FfE
%WW%W%WO@V) =ngl

Let G be a finite group generated by two elements u and v of order 2
each. Show that G is isomorphic to the dihedral group of order 2n, where
O(uv) =n. 15

forg hIfTe T wfead™ € u,,q = T+uy, , vy = 7, S0 90O 31T (u,),
FHIHT x” — x — 7 = 0 o YT g T SATrafa Sar 3 |

Prove that the sequence (u,) defined by the recursion formula

upq=7+u,,u; = \ﬁ,‘ converges to the positive root of x>—x-7=0. 15
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(c) www%ﬁ:%s@nﬁﬁaﬁﬁq%aﬁp b>07%,

?ﬁj‘ sin? 0 _ig{a_m}%l

a+bcosf

Use the method of contour integration to prove
2n

.2

T 2;{a—\/a —b2} ifas>bs>0. 20
a+bcosH b

0

Q3. (a) Tas#ifufs
cosh[z+1) =ag+ Za ( —1?) g,

Z

L

W@n=0,1,2,..%fdC an=2i cos n0 cosh (2 cos 0) dO T
T

Ot—-.[\g

Prove that
#+) o0t Zan[s7 5
cosh|z+= | =ay+ Z a
z

where

21
a,= 2LJ- cos nO cosh (2 cos 0) dO, forn=0, 1, 2, ... . 15

T

(b) AU [0, 1] W TH Geid
f(x):{xz’ 59 x TR
X

3’ ST x HUNHT B
ST RATia 2 |
1 1 1
et wmehet [ f o wew wEe [ f 1 Aot KIS | s [ f
0 0 0

sfaea 8 2
A function f'is defined on [0, 1] by

92 . .
flx) = {x , when x is rational

x3, when x is irrational

1 1
Evaluate lower integral j f and upper integral If . Does the integral
1 0 0
[ £ exist ? 20
0
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()  TrferRad ameft s i wfiv frea e T siga amma fFEfd w2 | $a A
I AT HA o T 38 e e 1 & ife |

My My My My

J; | 8 24 28 32
Fd  J, | 8 13 17 19

I, "8 1549 '28

AT e JFAH AT o ToTT R SAfEir @ 2 379 I T deh AT AN TH Sehiedh
(alternate) ﬁ'ﬂﬂ?,ﬂﬁm Aftaea %,mﬁﬁml

The following table represents the estimated costs of assigning jobs to

machines. Solve this assignment problem to minimize the total cost.
Machine

My My, Mg My

J, | 8 24 28 32
Job J, | 8 13 17 19

J; | 8 15 19 22

Is the assignment unique for the total minimum cost ? Justify your

answer and obtain an alternate assignment, if it exists. 15

Q4. (a) HMT n T TATHE QU © | iisC foh Frmforfed o qea & -
()  Z/nZ EEiRE A e |
(i) Z/nZ THETR|

(iii) n AT

KVMS-B-MTC 5



Let n be a positive integer. Show that the following statements are
equivalent :

(1) Z/nZ is an integral domain.

(1) Z/nZ is a field.

(iii) nis prime. 15
e}
(b) Tog i for ora wameRer J- ——21de HIERT 2 |
1+x“sin“ x
0
o0
Prove that the improper integral j 21 5—dx is divergent. 15
1+x“sin” x

(¢)  Tmferiaa tRae Summ T i vwar iy & s i -
SRR HIT Z = 4x, + 10x,
1 sratigt & siafa
2x1 + X9 <10
2x; + 5xg < 20
2x; + 3%y < 18

SATEAT Fed, TF 595 (alternate) I0H BT, ATE 3HaHT Afeaed 2, I HIR¥T |

Solve the following linear programming problem by the Simplex method :

Maximize Z = 4x; + 10x,
subject to the constraints

2% + X9 <10
2% + 5x9 <20

X1, X920

Obtain an alternate optimal solution, if it exists, with explanation. 20
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SECTION B

Q5. (2 w9 - 4 dzﬂa‘fﬂﬂmgﬁamaﬁrﬁml

Xz-y yz—-X 1-z

Find the integral surface of the equations = dy = dz 5 - 10
XZ—y Yz—X 1-z
(b)  SIEAXFET I T o ST &, N T G 10 FA o 178 G

1 N
Xis1 = 5 (2xi +FJ =1 HITUT AT |
SHTIOT B W, 39 9 % ITANT 6, TR WiThed 3-9 T, 63 FI OIS e o
TR T qeh T&T J1d IS |
By using the Newton-Raphson iterative formula, establish the formula
X1 = % (2){i + %J to find the cube root of N.

A

Use this formula, if established, to find the cube root of 63 correct to four
decimal places with the initial approximation 3-9. 10

(c) 4wk iy L =1 faem hifso -
S
c
o>
Y

wm)—

(1) Y el S o ®9 H AT HIfT |
(i) A, B 3R C % fou 8-fore fafire srgsrm fafaw |
(iii) ~ 8-ferz farfaree rshHt % STANT/ L st TeadT= GOl ST hiferg |
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Consider the logic circuit L :

=8

¥ wo)—Jo>—

Y |
=)

(1) Express Y as a Boolean expression.

(i1))  Write 8-bit special sequences for A, B and C.

(ii1)  Find the truth table of L using 8-bit special sequences. 10

(d)  ordied @ AT UL 1 O A 9§ G- O W T m SeerT A
& feor ® | amr o forelt fofg P aw 3 fonrar ¢ 3 S, T&f OP = r o I HI0T &
O, § o1 R & e 2 1 e st 3 vt wier 1 i i iz
ﬁz"é‘{%Urz sin® 0 — 2 m cos 0 = I WRYAE |
A simple source of strength m is fixed at the origin O in a uniform
stream of incompressible fluid moving with velocity U/i\. Find out
the velocity potential ¢ at any point P of the stream where OP = r and 6
is the angle E’) makes with the direction /1\ Find the differential
equation of the stream lines and show that they lie on the surface

Ur2 sin2 0 — 2 m cos 6 = constant. 10

(e) Tr=am ‘@’ &1 U uHHAE 9 39 Ao fomaeer f Rufy § w@r ® sefe
THHT ATUR FEATER 2 H 36 a5 T58 U &fas THad o 69 § & | IS et
= g (Refts) o tman 2, 9190 wwae 390 &9 € % fhaem & 0% @, @
TTET foh ¢ 9T T RIVT 0, ST TN T ST &fGS § 46T 7, 39 IR 2 6
(%B_Jz___ 15g cos 0

t a(28 —15cos 0)

gl

KVMS-B-MTC 8



Q6.

(a)

(b)

(c)

A uniform heavy solid hemisphere of radius ‘a’ is held at rest with its
base vertical and its curved surface in contact with a horizontal plane. If
the hemisphere is released when the plane is rough enough to prevent
slipping, show that the angle 0 that the base makes with the horizontal
2
at time t, is such that (%j &

15gcos 6

- ) 10
a (28 —15cos 0)

2 2
e STasheT G y———g—+(x+y)ai§y+x$ = 0 = fafea sv & wara

82
[6):4
2 2 Z 822

FHIfT 1 99 38 & T |
0°z =

Reduce the partial differential equation y—5 + (x+y)

to canonical form and hence solve it. 20

() Trefafad = (weifém) foig 10-g3 (foe) @eamsi  qwmed qedis J1d
hifsre, fm 5 g o= 9T &l
1010111011 3f® 0100101010

Find the decimal equivalent of the following floating point 10-bit
numbers with 5 bits as fractional part :

1010111011 and 0100101010 8

(i)  (11001.1011);, + (33.24)g + (101101), T Heish HIfST N 3ifaw

SR ST Wi ITaHT (RS Ui 7 98ferT |
Evaluate (11001.1011)10 + (33.24)8 + (101101)2 and convert the

final result in hexadecimal system. 7

a7 T ‘0’ 3 Uk T o Soi F AT Vi T UF UHEHE 9w § Ter T Y
e -ATHER & I Y0 & IYIIT | 6T Gay 377 forva o 81 2 39eh tfafi, afd
SO 3 e k T Ueh TREEROT Sea= TR ST €, At srfadre feig s hifs |
Feater o & Seomus ygftr 3ea=1 i § 2 = fifee 6 5|

Suppose that there is an infinitely long cylinder of radius ‘a’ placed in a
uniform stream having velocity —V/i\ . Then using Milne-Thomson’s circle
theorem, what will be its complex velocity potential ? If in addition, a
circulation round the cylinder of k is produced, find out the stagnation
points. Do they produce a lifting tendency in the vertical direction ?

Explain how. 15
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Q7.

(a)

(b)

(o)

Hifdreh Ftaeher GHier (2D% — 5DD’ + 2D'2) 7 = 24 (y — x) + sin (y — x) B &
W,WDE %,D’ %,z=z(x,y)%l

Solve the partial differential equation

(2D? — 5DD’ + 2D'%) z = 24 (y — %) + sin (y — x)

0 0
where D= — ,D'= —, z=1zx,y).
= z = 2(x, y)

oy
08

farT & % o Y U SR U R qHIRA j‘ f(x) dx T AT IS, STET
0

f(x) = 0-2 + 25% — 200x2 + 675%° — 900x* + 400x° ¥ |
08

Evaluate the integral J. fx) dx,

0
where f(x) = 0-2 + 25x — 200%2 + 675%° — 900x* + 400x°

by using single application of Simpson’s % rule.

2a At R m FFUH FI T Fas-l THEaE B, TFT OA, 1 0% & ws e
fig O w gy (Fafee) 7 | o = i i Seatar W@r 0Z ¥ 0 FivT W g8 @
3N gHadT OAZ, T fAfSea Seater aqad @ I ¢ 991t € | Am SeIH T Th
TR B W HATeT (Fparedt) foheerar @ 3R nmg AT9i (Higged) 3T MTHideh <es a
1 U Bosh! TATEY S o §10 O 9 ST @ | 39Sy foh 3@ o (Rreew) bt it oo T,
aT = %ma2 (é2 + 11.)2 sin 6) + Am ()'(2 g L sinze)mﬁ'&iﬁ’f%,
el x St i 7 5 (Rree) S 2, STl & el sy i |

A smooth uniform rod, say OA, of length 2a and mass m is pivoted at
one end to a fixed point O. The rod is inclined at an angle 6 with
the downward vertical line OZ and the plane OAZ makes an angle ¢
with a fixed vertical plane. A bead of mass Am slides smoothly on the rod
and is connected to O by a light elastic string of modulus nmg
and natural length a. Show that the kinetic energy T of the system is
given by 2T = %ma2 (62 + 4.32 sin0) + Am (x2 + x262 + x%62 sinze),
where x is the stretched length of the string, and derive the equations of

motion.
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Q8. (a) A gefta Fduisht (r, 0) ¥ faforfr seardt emifer) wisror e ®u dare -

2V 18V 1 8%V

—t+t——t+——7> =0

arz rar r2 692

T IR o 58% v FT 89 (Ar® + Br™) e 70 & SEf A, B, n 3R ¥ |
VI AT AR a8 & 0 <r < a, 0 < 0 < 2n ¥ ffrdtar swfamh wefispeor 1 wqse
AT & 3T 30

(i) r—o 0WVIiHaEds,
(i) r=a®WV=> c,cos@d) ¥
n

A FATE |

Two-dimensional harmonic equation in plane polar coordinates (r, 6)
takes the form :

2V 16V 1 8%V
—t+-——+—5—75 =0
o2 ror r2 p2

Deduce that it has solutions of the form (Ar" + Br ) e i 9, where A, B,
n are constants. Determine V if it satisfies the two-dimensional
harmonic equation in the region 0 < r < a, 0 < 6 < 27 and satisfies the
conditions :

(1) V remains finite asr - 0,

(i) V= Z ¢, cos(nd) onr = a. 15
n

(b) YT O wEET ‘;—y=1+1, y(1) =1, h =1 (T7-HT9) &7 for=m HIfST |
X X

() y(2)  @f~Tehe 7 918 F o for ety srqenite -t ferfer st Swem
Hife |
(i)  y(2) 3 y(3) % A T F o foTw Trrer fafer s 3w Hifs |

Consider the initial value problem :
dy

=1+2, y(1) = 1, h = 1 (Step-size)
dx X

(1) Apply the classical fourth order Runge-Kutta method to
approximate the solution y(2).
(ii)  Use Euler’s method to find y(2) and y(3). 15
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(c) Wa,b(b>a)%améﬁ%aﬁ@wm@mm%|m
sTaftard! & o ¢ oft fie s formmefi 72 & | aeer 3 3 St ferarsmT o @ i
Hifreafy
(i) Afafeh s T HIvii AT Q o ST & oo sredt siem i e § w@r

ST 2,

(i) STEd) S I B0 AT Q A YT T R Felfeh iAo so i e §
TSR |

A viscous incompressible fluid is filled between two concentric cylinders

of radius a, b (b > a). The flow is steady and no body forces are taken into

consideration. Discuss and formulate the velocity of the fluid if :

(1) the inner cylinder is given angular velocity Q while the outer one is
held at rest;

(1)  the outer cylinder is rotated with angular velocity Q while the

inner one is held at rest. 20
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