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Instructions :  The paper is divided into two sections Section A and Section B. Each
section contains eight questions. Candidate will have to answer any five
questions selecting at least one from each section. Fach question carries
40 marks. Marks distribution of each guestion is allotted in their right
margin.
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1. (a) Prove that a group G of order p™n, where p is a prime not dividing n, has a
subgroup of order p™. 15
{(b) Find the analytic function whose real part is ™ [(x2— y?)cos y + 2 xy siny]. 10

(¢) Find the minimum value of Z = 4x; + 2x,,
Subiject to constraints x, +2x, 2 2, 3¢, tx,23
4x, +3x, 2 6,%. %, 2 0. 15
(a) ﬁﬁ;ﬁ%pmn:ﬁ'TéIa?HaEGﬁpmaﬁtﬁ@mﬂ;&'(subgmup)@m%ﬁﬁ?p
T ST TG 2 S ot R T w8
(b) =0 RN Gor Y TTa Y Rl arafas Wi o ¥ [(x2 — y?) cos y + 2 xy sin y]
% SO R |
(©) gla’fx,+2xzzz,3x,+x223,4x,+3x226qaqx,,xzza%aa%ﬁﬁwz=4x,+2xz
T =ad T 10 iAg |
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2. (a)
(b)
{©)

(d)

(a)

(b)

(©)

@

(b)

(c)

Marks

K E

Prove that every group of order 143 is cyclic. 1¢

Prove that every group of order 10 has & unique normal subgroup of order 5. 10
Reduce the feasible solution x, =2, x, =4 and x; = 1 of system of linear equations

2y —xy ¥ 223 =2, %t 4x, = 18 to a basic feasible solution. 10

Evaluate j 73 where circle C is given by [Z — 2| = 5. 10

C

fire FRu i 143 2T F1 s 9 HRA B E |

fig wiw @& maﬁétaagqﬁﬁéismawqg(subgmup)aﬁ?ﬁ'ﬁma%
(Normal)'@m%!

e gl 2x, —x, + 20y = 2, %) + 4%y = 18 ¥ Ty 3 BREa (feasible) &1
x| =2,x2=4a?1rx3=1aa‘r%%ﬁﬁﬁaaaaﬁﬁqﬁaﬁa$&qu

dZ

A z—_;mmmﬁ,aﬁ{l-ﬂ%,aa C &1 TH | |
C
[r &3
” b o
Evaluate J ) dx, by contour integration. 15
0
Solve the following assignment problem : 10
Job
1 2 3 4
A 10 12 19 11
B 5 10 7 8
Machines
C 12 14 13 11
D 8 15 11 9

Prove that subset 8 = {x £x) : Kx) e Z[x]} isa prime ideat of Z [x], where Z
denotes the set of integers. 135
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4. {a)

(b)

(©)

(a

®)

(¢}

Marks
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Wwﬁ%fﬁm@j 1ibx2dxfﬂﬂﬂﬁﬁféﬂl
0

frofirfga sarste wan =1 g P
S

i 2 3 4
100 |12 j19 |1
5 10 |7 8
12 |14 {13 |1
8 15 111 |9
firg SR fF Eg=Ea S = (x fx) : fx) e Z[x]}. Z [x] 1 T TEH ST 2,
ET 2 quTteh! T O ¢ |

EHiC

o B T v~

Prove that R/l is an integral domain if and only if 1 is a prime ideal of ring R,
where I is an ideal of a commutative ring R. 15
Let o be an element of € with minimal polynomial 1 +x + x% over Q [x]. Prove that

2
@ +1 £ field Q(a) in the form a + b, wherea, b € Q. 18

a? -1 # 0. Also express
O |

Define Euclidean domains. Prove that the ring of polynomials F(x) over field F is
a Euclidean domain. 18

firg i f5 R/ qoish 2 2T o wa e af [T R o o v srefeae
sl [ safafmees i R =1 aTieaer 2 |

m%ma,ﬁﬂm%ﬁmaﬂﬁﬁnaagqaumeeQ{x]%lﬁzai%
a2 — 120 | BeE Qo) & AT “;*iﬁawa%wﬁaﬁmm&gaﬁ
ol -

a,beQ.
Ffaie SRF I aitarfya R | Rrg ®t fs &5 F % I =gml 1 i Fl) T
s S 2 |
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5. (a)

(b)

(©)

(2)

(b)

(c)

(b)

Marks
Iah

Prove that the function £z) = e (z = 0) and f{0) = 0 is not analytic at z = 0
although Cauchy-Riemann equations are satisfied at origin. 15

Find a bilinear transformation which transforms the unit circle disc |z] < 1 onto the

unit circular disc [w] £ 1. 10
Expand f(z) = 1t in a Laurent’s series valid for the region 1 <[z <3. 15
(z+1){z+3) :

firg e B weR f(z) = e (2 0) 3 0) = 0, g z = 0 T wTEATeH T &
wﬁﬁﬁgﬁoﬁﬁﬁ-ﬂm?aﬂ’ﬁmﬁaﬁ@m%l

mﬁ%@wmaﬁmﬁmﬁw%qﬁammsmﬁmﬁa

o7 [w] < 1 H Sqiafa Far g |

1 ] . .

Fe f{z) = ————— Pl AR e HRE S 89 1 <|z{ <3 |
@ TG+ e R <33 e

Solve the following L.P.P. using simplex method : 15

Maximize Z = 107x, + x; +2x,
Subject to constraints :
14, +x,— 623 F 3x, =_7

163, + 22 — 6, <5
2

3%, =X, —x3 <0
and x|, X5, X3, X4 Z 0
Using duality to solve the following LPP.: 15
Maximize Z = 2x; + x,
Subject to the constraints :
xp+2xy < 10, x, +x2£6,xi—x2£2,xl — 2%y 51

and x, X, > 0.
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{¢) A company has three plants at locations A, B and C, which supply to warehouses
located at D, E, F, G and H. Monthly plant capacities are 800, 500 and 900 units
respectively. Monthly warehouse requirements are 400, 400, 500 and 800 units

h

(T

respectively. Unit transportation costs (in rupees) are given below 10
To
D E F G H

LI

A 5 8 6 6

From B 4 7 7 6 5

c 8 4 6 6 4

Determine an optimum solution which minimizes the total transportation cost.

(@) e fafy g Freforiaa e i anen # &
SR8 2= 107x, +x, +2x
il & o
1dx, +x,—6xy+ 30, =7
16x, + f;_ —6x, <5
3x, — Xy~ X3 <D
(b) s@ﬁﬁﬁﬁm%ﬁmﬁﬁaﬁﬁﬁmﬁmﬁﬂwaﬁﬁaﬁ:
sRag Z=2x,+x,
wiesyl % 7
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HAh

& St ¥ i 59T A, B a1 C e W R 89 D, E, F, G aenm H wari wt fora
Tt oyl W & | wEEt 6 i gwaid s 800, 500 T 900 IFR B |
Tt 6t i Guard A 400, 400, 500 T 800 IR € | Wi g gers i

(Wﬁ)ﬁqﬁmﬁ({ﬂﬁgz
Eal
p E F G H
A 5 8 6 6 3
g B !4 |7 17 |6 |5
c |8 |4 (6 [6 |4
39 R B ) Pl < Hd oS ! A T |

State and prove Cauchy’s integral formula.

State and prove fundamental theorem of group homomorphisms.

Find the dual of following L.P.P.:

Maximize Z = 2x, + 3x, + 0x4

Subject to constraints :
5%+ 6xy—x3 = 3, ~2x; +x; +dx; <4,
Xy = 5%, +3x; €1, 3% —3xy F 7x,5 6,

and x|, Xy %32 0

2t 5 g 3 %1 Jooid B ge 39 fg |

T ST 3 T T 1 oo ) gL I Rl

frferfaa L.p.P. &1 337t et :

3fag Z = 2x, + 5x, + by

il & 1
Sx; H6xy— X3S 3,-2x, tx, + dx; < 4,
X, — 9%, +3x3 = 1,-3x; - 3%, + Txy < 6,

& x,, Xy, x320
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8. (2
(b)

©

@
(b)

©

9 (a)

(b)
(c)

(a)

(b)

(c)
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Derive a predator-prey model. 13
Prove that £ : (R, +) — (R,,") given by f(x) = e is a group homomorphism. Find its

Kernel also. : 10

Find all the basic solutions to the following system of linear equations : 15

xl+2x2+x3=4,2xl+x2+5x3=5,
fiee-3 Hige ol FFeu= HI |
firg 5t B TOF £ (R, +) — (R,.) T 9 Grimfhew 8 918 f(x) = & B | F6
e ¥t g hifse |
X T x, + 2x, + 1y = 4, 2%, +x, + 5xy = 5 % P % wft geegg we
e |

Section /@S- B

Find the partial differential equation of all cones which have their vertex at the
origin. Verify that yz + zx + xy = 0 is a surface satisfying px + qy = z, where

ox oy
Construct Lagrangian function for a simple pendulum of length L. Also write the
Lagrangian equation of motion. 15
Prove the following : 10

) “lp=r@=>0]=>p=>n"isa tautology,

() [(pvq) <« (qvplisatautology,
where p, ¢ and r are statements.

il % it e T T R R o o faeg e § ) st

ﬁﬁﬁgyz+zx+xy=U,W'Hrﬂﬁmpx+qy=z$‘?ﬁgﬁm%,ﬁﬁp=%E,

2
oy

éﬁéL%W?ﬁﬁﬁ%%ﬁéﬂiﬁmwaﬁmﬁlﬁﬁﬂﬁr%ﬁmﬂ
grifeeter 1 oft o |
Prfafea = g =i
@ (=9 Q= 0] = (p= 1) & TEw -,
() [pvq < (gvp) THIREE,
& p, q AT rHUTE |
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(b)
©

(a)

(b)
(c)

11. (a)
(b)

(c)

(2)
{b)

(c)

Marks
I
Solve : 7dx 5= dy _ dz . 10
x°+4+a° Xy—az xz+tay
Find a complete integral of g = (z + px)*. 15
Solve :r+s—6t=ycosx. 15
—&'?Taﬁ 2dX2: dy _ dz .
x*+a% xy—az xztay
q=(z+ px)? E3 i?‘f FUISA (complete integral) I A |
SFI%':{ 'T+s—6t=ycosux.
Solve : (yz + 2x) dx + (zx — 22} dy + (xy - 2y) dz= 0. 15
If the Lagrangian function L does not contain time t explicitly then prove that the
total energy of the conservative system is conserved. 15
Define distributive lattices. Prove the following are equivalent ina lattice : 10

() anve)=(@ab)v(anc)
(i) av(pacy=(avbafavec)

foralta,b,c e L.
B WL : (yz+ 2x) dx + (zx - 22) dy + (xy ~ 2y) dz = 0.
aﬁémﬁmWLﬁthq%maﬁ@aﬁﬁaaﬁ%mﬁmﬁ
el Fl e w2 |
o A o ofomrT R | firg U e Rt it S 3 Pt wgea &

(i} an(bve)y=(aabyvianc)
(i) avibacy={avb)a(ave)

a,b,cel.
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12. (a)

(b)

(c)

(a)

(b}

©

13. (a)

(b

{c)

(a)

(b)
(c)

Mar}&s
Hh

A particle is moving in XY-plane under the influence of a central force depending
only on its distance from origin. Construct its Hamiltonian function and write

Hamilton’s equation of motion. 15
A mass of fluid is in motion so that the lines of motion lie on the surface of
coaxial cylinders; show that the equation of continuity 1s 15
o 18 2

—_ e — +—{pv,)}=0

P o @) T (P)

Where vy and v, are the velocities perpendicular and parallel to z.

Prove that the complex potential for a two dimensional source of strength 5 placed
at origin is w =5 log z. 16

T T FE T o A XY A H i o G R 9 i vt e g g ¥
sudlgimfri e | 55 Rftree e Tl e 2o 3 nfer 3 wefteRct
& i o |

e 7 30 R & 1R § 2 % sweht iy 4 Yo ww ey S F gE wEd €, @
forg =t fop 3ol wradar 1w %?-P%%(pvbhgz(pvz)ﬂi ST vy W v,
7-3T8] 3 T qYT TUIRR 9T § |

firg i 5 e forg w5 aman & Tferiia g w1 it weREd w = -5 log 2
21

InaBooleanAlgebraB,proveﬁxata+(b+c)=(a+b)+canda-(b-c)=(a-b) - C. _
foralla,b,c € B. _ 10

Draw a Karnaugh map to represent the Boolean function AC' + A'C + B. 15

Define bi-partite graphs. Prove that the maximum number of edges in a complete
2

bi partite graph with v vertices is -a—

Py gt e BA G S B a+ (b +c)y=(a+b) +c T
a-(b-c)=(a-b)-c,a,bceB.
WWAc'+A’C+Baﬁﬁaﬁaa;ﬁm@fwfmﬂqwmﬁ@mﬁl
STl 7T i wivar frfae | fag Fiw T v ¥it§ T wrlie SR-TEige I 1

Wwﬁﬁm{—@ﬁ%!

15
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14. (a)

)

(©)
(a)

(b)

{c)

15. (@)

(b)

(©)

Marks
3®

Prove that a connected graph G is an Euler graph if and only if every vertex inG
is of even degree. 15

Suppose that a rigid body is turning about a fixed point O with angular velocity

— o f:~ n i .
w=w it w]t w.k . Prove that its kinetic energy T is

T= %'[AWX3+BW),2+C w,2—2F w, w,—2G w, w,—ZH w w,.

Where A, B, C and F, G, H are moments and product of inertia for x, y, Z axes
respectively. 15
Prove that a tree with n vertices has n — 1 edges. 10
fire =t f v afowfag T% G (connected graph) 3TEER TIE B & af8 T Fad
afe G A wft <fiei 6 Rooft e @

w Rorm 3 o 7 five Fram firg O % uita: w il 31 & ¥H @ | forg 6
m’ﬁ@ﬁﬂﬁ!ﬁmf'f=%[Awx2+Bwy3+szz—2Fwywz—?_Gwzwx—2H
wxwy%,%?{;f=w;i\+wﬁ+wzﬁ a;m A, B, C, F, G, H3H: x,y,z&’f&ﬁ%ﬁﬂ
T SIS T O STt # |

ﬁﬁﬁﬁ%n?ﬁﬁﬂéﬁ(’fﬁe}ﬁn—imﬁ?ﬁﬁl

If A and B are any two events and are not disjoint then prove that
P(A w B)=P(A) + P(B)-P(ANB)
Where P(x) denotes the probability of event x. 15

An integer is choosen at random from first two hundred digits. What is the
probability that the integer is divisibleby 6 or 8 ? 15

IfE, E,, ... E are mutually disjoint events with P(E) # 0 (i= 1, 2, ..., ), then

s}
for any arbitrary event A whichisa subset of ‘UI E, such that P(A} > 0, we have
=

P(Ei) P(Afﬁi) _ 10
> P(E;P(A/ES)

i=l

P(EI/A) =
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16. (a)

&

(c)

(a)

(b)

(©)

Marks
I

a2 A qET B B8 8w § aen i T E @ g W TR
P(A U B) = P(A) + P(B) - P(A " B)
& P(x), T x i WTTeha o Wi w3 !

s quries % e 200 3P A & R fra Ry s 2 | 5 Tories <P i o R
i 6o g A R =1 2

2 B,, By, ... E, TR R ueT i IR PE) # 0 (1= 1,2, ... n) At fopelt =
mA’Gﬁ;é; Eiaﬂmgﬁusaarsﬁa‘f%?m)w,%%q

P(E;} P(A/E;) DD

]

> P(E;P(AJE))
1=l

P(EVA) =

Prove that the geometric mean G of the distribution : 15
dF =6(2 —x) (x— 1)dx, 1 £x <2

y i
is given by G = — el%6
g i 16

For any continucus distribution, show that the mean deviation is least when
measured from median. 15

Without using truth table, prove that stalemenis — pvipAa) and
(= p) » (— q) are logically equivalent, where — p denotecs negation of p. 10

frg e T frawor dF = 6(2 - x) (x — 1)dx, | < x <2 BTN 91A G,

G= %e‘%mm@m%:

Mﬁmﬁm%mmﬁqﬁﬁﬁm%mm%ﬁmﬁaﬂq
TR B 8 |

e Tl % A % e g SR T~ (pv (Cp A Q)T (- P A (- D)
] < et v Tnge B, 98T - p, B p 3 VI HY HI TR HETF |
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