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question from each Section.

The number of marks carried by each question is indicated at the end
of the question. Assume suitable data if considered necessary and
indicate the same clearly.

Symbois/notations carry their usual meanings, unless otherwise indicated.
All questions carry equal marks.
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SECTION - A

(1 3
1. @ @ Leta=

431 2) €S, . Find the smallest positive integer k such that o* — ¢.

(i) In S, let p=(123)and 6 =(456). Find a permutationx in §  such that xpx" =g.

ma=(1423).
M} at =e oo akFe ‘B’M ke{hz,a /

. Rugintd satlaoh A kg K=

0 0 —

(10
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1. & Is Z[\/:g :I = {a +bv=6/ a,b,e Z} Euclidean domain ? Justify your answer. (10)
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1. (¢ (D Give an example of an infinite set which is not bounded and having limit points.
(ii) Give an example to show that the intersection of an infinite collection of open sets is not necessarily an open
set. (10}

0y coaior, 5= pr k| pmezZT}
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1. @ Iff(z)=u+ivisananalyticfunctionofz=x+iv.
and u—v=e* (cos y — sin y), find f (2} in terms of z.

{ awiv‘e/h/c =>(I+—L'){ 10 oy%{>
Lok u-pz U

é = %: ex(ewy—omy) — )

422 %%’— - e“(—m(y—myﬂ

B? WW'W” pined ) |

/'(H-L).{ = f¢, (z,0) dz —LfsszZ,o)dz = j-ez dz+ Lfaz dz.
) .

—_>Q+L)‘f = (I+2) lez +C bo A W]

I+

Frutiv D e gu-p. 004 Gi-18) + i (u+?) — )
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\pir et
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1. (¢) Obtain the dual of the LP problem :
Min. z=x, + X, + x,. subject to the constraints :
X,—3%,+4%,=5,%, - 2%, < 3,2x,- %, > 4; X, X, >0and x, is unrestricted. : 10

Pl 0 8 (Writing,  xgzas-xl . @@ 1 o))
Mzt X = X +dp F Ay — Ag
subpoct 1) Ppetsy S

+7—,'—37(2+V“-51—\/ﬂ"3”
-2 -}-sz—‘lac3 4“?3'/‘5/
oy +2a,+ 0%+ 025 > -3
y

6g( 09(" +2”2'—_ 131 _’:"%”/,
a5, %53 0

%1, X2y

5

\v \\, W

A\

Head Office; 2678, OTd Rajindar Nagar Markat, Dalhl-60
Branch Office: 105-106, Top Floor, Mulhetjes Towsr, Mukherjee Nagar, Delhl-

W8STITCTE O MATEENATICAL SciEsces e PR TS EL A EELE o R com

P.T.0.



10 of 48

D_"l’_.“' Manirmize, z' = 5%_532’_3‘% + ‘fys,
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2. (a) IfRisaringwithidentity such that (xy)?=x*y* forallx, y R, then show that R is commutative. Set an example
to show that the above result may be false if R does not have an identity. (14)

Head OMica:25/8, Old Rujinder Nagav Markst, Delhl-80
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2. (b) Giveanexample of a homomorphism f: R — R’ such that 1 is the unity of R, but f{1) is not the unity of R".
06)
2. (c) Letthe function fbe defined on [0, 1] as follows : -
1 1
=2rxwhen ——<X<—-,r=1,2,3,..
fix)=2rx when 1 " r=1,
Prove that fis Reintegrablein [0, 1] and cvaluate [ £(x)dx. a2
Head Office:25/8, Old Rajinder Nagar Market, Delhi-60
Branch Office: 105-108, Top Floor, Mukherjss Towsr, Mukherjes Nagar, Dethi-3
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2. (@ Use the method of contour integration to prove that

7 whereb>0,c>0, (18)

dx __n{b+20)
L(xz +b2)(x2 +cz)z 2bc’ (b +c)

R R
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] -
3. (@ LetG be the group {[0 :][wherea,b eRb= 0} and

OC@W’Q':”-C*G W Gas 0 grovp:

WF, M, M, €EH. m,:[éf’],mz’[

) | -b
mz—[o | £ H

-~ | Ca-b
Moo, Mg =

[o !
-%MMM@? 6.

4

% N 7y2

fowe oy [ 7]

ij
o |

S Saene ¢, AEs
Gt g‘[o d:] q

2ce/R .

,

1 x
H= {[0 1}|where X€E R}. Show that H is a subgroup of G Is H a normal subgroup of G ? Justify your

as)

a, b e
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3. (@) (i) Discuss the convergence of the infinite product

o« xﬂ
ln:ll{l+x2“ +1]'

(i) If x > 0, show that X <10g(l+x)<x_
o0 ’ I+x
B T (14 an) cowtge of Zom come??
>}
n
an = __-——’c ,
2@
s *l n 2 \ ant2 )
an - g .z + ® 4vm x +
22— o _—
@ Ondl N 2 - xzmﬂ T2
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3. (¢} Solvethe following linear programming problem by simplex method.
Max. z=-2x, —x,, subjectto 3x, +x,=3,4x, + 3x, > 6,x,+2x, <4,andx,x, > 0. (18)
Adsy atack  ornd andifieiad vamebleo :
Max- Z= — 2%y~ %, + 00+ 04, — MAl-—MAZ.
W to 3x+ x, -+ 00g + 06y + A +0A) = 3
yay + 3% +04 — 42 +O0M A2 =
+ 2%y +d) 100, F0A +OA, = M
X, %2, At20, A—l/ﬂlao
Iviflad bowic fersuwble Ao
z -2 =) 0
e 2 22 3
-M A (3) | 0
-M A Y 3 0
i LY
o d] - l 2 | D 0 O
cJ _.7M -Um b M -M -M -am
¢- Zy  am-2f ym o -M ¥ 0 -
2 x| s o o ¥ o I 3
-M Af o (5/3) 0 -1 X I 2 b —p
\o((a,)/ 0 s Vo x o 3 %
\ "o -z -z o M X -m -z-2m
d 3 3
£l o 4 o -m x o
3
2% | 0 0 Vs x x 75
-1 2%, o | o "3/5 X A &/5
o Al 0 O | l //I
¢, -2 -] 0 Z/-ﬂ X X —lzjg
d 5
Zy O O o s x X

Hsxd Office:2578, Oid Rajinder Nagar Market, Delhi60
Branch Office: 105-108, Top Floor, Mukharjes Tower, Mukherjee Nagar, Dsink-3
EELTRTRIBRGEIRT  Pe. 07-45629907, 99298197625 || emar:

P.T.O.



Head Office:28/8, Old Rafinder Nagar Market, Delhl-60
Branch OFice: 105-106, Top Floer, Mukhsrjes Towsf, Mukherjss Nagar, Dalhl-9

i O11-15629987, 09989197625 || Emar:

P.T.O.




Bl

21 of 48

() LetR denote the ring of all real-valued continuous functions on the closed interval [0, 1]. Is (0) a prime ideal
of R ? Justity.

(i) In Z/(8), the ring of integers modulo 8, is the ideal gencrated by 2=2 +(8) a prime ideal ? Is it also
maximal ?

14)

(INSTITUTE OF MATEEMATICAL SCIENCES
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4.

® Prove that

155

n=1

.

1
=n’{n+1)

12)

Hoad Office:258, Old Rajinder Nagar Markat, Delhl-60
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4. (¢) Find the Taylor’s or Laurent’s series which represent the function (l ) )(Z T 2) ,

(ywhen|z|<1
(i) when1<jz|<2
(iiywhen|z|>2. -

a2)
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4.

@

An automobile dealer wishes to put four repairmen to four different jobs. The repairmen have somewhat
different kinds of skills and they exhibit differentlevels of efficiency from one job to another. The dealer has
manhours

estimated
job-man combination. This is given in the matrix form in adjacent table :

Find the optimum assignment that will result in minimuwm manhours needed.

the number

of

Job] A B C D
Man
1 5 3 2 8
2 7 9 2 6
3 6 4 5 7
4 5 7 7 8

that

would

be

required

for

each

az)

| INSTITLTE OF MATEEMATICAL SCIENCES
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) i SECTION-B
5. (@ Solve(x’-yz)p+(Y¥-z=)q= z;/ Xy. (10)
! ! x = = dz )
Logapges Eyusbron, . 3_2% 4 =274
= d(x+<y+-2) ~ & d.(xz—ry %z?) i dlr-y)
R e o G-pirtye)

= dly-=2)
g—z) (7(+(y+z)

)

%‘J”Zf 4% pond 5 ferrmo #Wm (D7
itytz) d Catyre) = Eldbﬁa/ﬂZL) =
Wwﬁf £ ppnd 70 feannnss 5/‘/“""” l

d(’l’z) Z—Z) =>
—(y - z) Y —Z

ryzt za =0 _— Uﬁ
:CZ _

Fadwr p amsd G, Axgringd o0tk o 2
F Lo 22 ]
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5. (1 Solve the following partial differential equation -
an

(D’ —4D2D'+4DD'1) z=4sin (2x+y).
. (D 4p2p' +VDD)if 0= p(b- ZD')z-—D

me W Z, = WH % by (y+220)

- ______________ a[‘/@m(bv)j = £ _7@_%}.1 M@m+@)

’ D(D*- ¥ PO +up?)
, -
L [ aitent) ]

-—
—

= 4 _iu_z_’___ e [zz+&l)

[( 2, \)@og(zm-y) 1- Ao (2914-(7)] ponkiadly v

7 7 =
2 zl,;rc'xz+é>w(2'x+g) + o A @-”H‘a) S (ii)

o () oo (1)
Zz Zp +7Zp g /
P Cr o (y+ 20+ 2 2 (yt27)

b ler ) o (2a) o (278)

St $ir b2 MWMW fronchimo

B 3!2. 2]
[Mmg

)
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d

5. (¢} Thearea A ofa circle of diameter d is given for the following values :

d: 180 [8 |9 [95 |100
A:| 5026 | 5674 | 6362 | 7088 | 7854

Calculate the area of a circle of diameter 105. . (10)

difftsence bl
7h v

d A = B I o

) 5v2f

642
85 5174

%14
90 6362

T2¢
95 7088

766
o0 785y

Qé , ¥ umﬂ)(:;rz)@-r@) 7%, . )

2 AQos) = 785y + 766 + Mot

Ll Head Offics:258, Old Rafinder Nagar Markst, Delhl-60
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5. @ Show that ¢=.(x - t)(y—.t) represents the velocity potential of an incompressible two dimensional fluid.

Show that the stream lines at time t are the curves.
(x — ) — (y — )* = constant 10)

Head Offics:258, Old Rafinder Nagar Market, Delhl-60
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5. (e¢) Use Hamilton’s equations to find the equation of motion of the simple pendulum. - 10

BM.WWW-WMWM. /')
Lobe toyth - _ | ],9
Tot  knthic entrpy, 'T:{I,m{zp'z : 0 \\;f-w
Totad f)f?ﬁwHoJ -&dyﬁ, V= frn;l[[:poc/P)vf—()/')

W L= T-V= _L,milﬁ'zﬁ fm;,f[/—-m@ 7))

: s
b= Gz omt?E .,y

Howichoviom, H = pf - L

s

7/

_

= = | z -
E 5 Po 4 mgll! £0P)

AR AL

Hend Qffjca:25/, Old Rajinder Nagar Market, Dalhl-60
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6. () Find the general integral of the partial differential equation (2xy — 1) p + (z — 2x?) ¢ = 2(x — yz) and also the

particular integral which passes throughthe linex=1,y=90. 10

dn . oy = _dz = _adatydy o zda + xdZ )
= g B
pay-l  Z-2a* 2(x-yR) —(x-y® — (z-2x%)

@h) - dz - —Z[Mz-f'yﬁb() =) 124-&2-}-2,’ =Cy. —(1p

v O
k@ D- Ay = — (=zdat ad=) aV@.

£ @ Pohmbthn
$ [ ayve, grn]=o

ki

st B G ankthsoy
/
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6. ® Reudce &z/0x*+7Yy’ (a’z/ ay* ) ¥ to canonical form.

Commponsiny  Kh & Kn+Ss+ T (2,54,2,4:9 )= 0

%/oa) tryrn = ¢ P yete

vEs . A ,P\
%-y;oa) bcgom ye t=tp . /i%

2% . 9Z 2uy 9z ¥ - gexaz ge zaz
% auw on IV oo

E‘fe 27-z "yeau*
oy owoy VA

2z
P - o™ |22 f—e
" e 3“1

e

€ Snov

RI#+SAFr T=02 AHJL o = A*/W/
. ‘a&'ﬁ

w eyt g [ 4

: -%
\ 0z _ QZQ_yL,r._a_'E,Q‘\}— @e”g‘f +e 2%

2V

e

Gl Oned (Y
02z, 42 PR = znw""*“zazz 9;%
v U oy éd
Ba : +ﬂ\92 92z _’_%z 22z
ouv* i
+l92 azz
EY
2
54/(92#-’1}_{274‘«;2 + 239\92/)
on 2 20>

10}

-~ = 1w
= ¢ dz+ye +ae *QZ“W 22 :( %_&_(

Al e gx 4 &0 | —W

Zud oD
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6. (¢) Form the partial differential equation by eliminating the arbxtrary constants a and b from log
(az—1)}=x+ay+b. 10)

b (02-)) = w+ ag+b

—

L =

A

|l a2Z:- n Z-p\z/:Daz'g_E—H
; az-1 % Z 4
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6. (@ The deflection of a vibrating string of length /, is governed by the partial differential equation y,= ¢y, The
" initial velocity is zero. The initial displacement is given by

x/1,0<x<!/2 o 2
y(x’0)={(l—x)/l,1/2<x<1 Herey, =0y /o
and y_ =38y’ /9x’. .
Find the deflection of the smng at any mstanl of time. 20
= g D 2 2 OB —— )
H Jux ot* or¥
bek, Y ()= X(x) T(Jc) (iv
qB/\,Qwuw addp: 1 d2T - 4 d¥X —(W
"T d,bz X dn?

St 2,4 Ak MW, G ‘

LT LA L g (gpeitot) —— (1)
T % X dx?

P

\

"

Gl koD Lok kzp?  X= Og€
— . )
ompoty T Oy SO0petyOpbim et

ot : k<o ek gzpz Xz agoepr+9p
— T

_ Z—%”J' T (4) F0 V‘tj

ﬁg.(ort)s?) > XD T=02 X(D=9
\Wv S’I'VMLWV?/ X(0)=

Alro, - ,%5'
2 rnel 18, o et )
e 2 dm W[4, €00 z
y(ﬂ.‘ =zl L (
4 ¢ = 0
mevaﬁw/]’””” K %/—2’0
2 mg Qv mx[/}nnmm naet 4 by ”'j“' W”’ft j/fo
7 7
ns , ?
| ﬂosn—O Yin °
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END OF THE EXAMINATION
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7. (a) Solve the following equations by Gauss Seidal method.
5K, TR, X, X, =4 X AT A X, X%, =125 % +x,+ 6x,+x,=—5;
x,+x,+x,+4x,=—6.

R ke ~
5
ntt) () (v
- 12— A -4
7
\ )
L0 > 5= A A -
4

(30 . - ,)(wa‘}___qg\ﬂ) _
ki

f
®
g, (4,49, ) = (0,0, 0

(_%'J(D’ 7((7!')/ i&.)/xg)Dz (D-S, 1.6,- 233, ~1:792)

@29, a8 z_{”/ﬁ?—)): (,.Dgslj.qan/—-].oqv,—2-007)

s
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Cz(,u), xg’)/@wf ’(‘?D = (1, 2001, @y
_ o
@(9/ X9, 2, a0) e (1,2,-1,-2) = é,“’, 17, 287, mf)

®

-  Solwbuen a0 =, 2222, m,,:@p/a%:(z)

,e
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7. ® The velocity v(km/min) of a moped which starts from Test, is given at fixed intervals of time t (min) as
follows:

t: 12 1416 |8 |10{12[14]16]18 |20
v:|10(18]25129132 20[11|5 (2 |0

YT ¥Yu' V Yy Jv 9 V- W AR
Estimate‘app?ﬁxim%tely ;‘Le_z distancé cove%d i‘g 20 minutes. (10)

Uaing POV NEW/2
Jodt = 2 [+t V("’/g+19,z+v,.4)+2("} ft}g;j}y
- ) !
/ \)a/o
@Rfm £7 k ¢ w/
= 2 m. .
V‘gy *50”\"@/
AN

e
i

it
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. : dy y' -x°
7. (¢} UsingRunge-Kutta method of fourth order, solve d_x = m withy(0)=1atx=0.2,0.4. asy
2 2
{ay): jlzﬁ; (o) = (0, 1D b =@B0-
‘f‘” Y, = ou_-_(:a;ﬁ y(w?
K = g (%o o) = ol

k= & f (20t b pothitn) = 00T

ke i f (b, urhes) =00

gy = wf (mmtbr 7D = 00782

oy + (K T2kerly) = 10968
Por g2= (0 )
K- /3\.%(7’*})3—)) = 0-0983.

W = A{;(mwz,y,mm = 0-0%66

Kﬁ—,»\{(mwz,y.—r'fm) = 0-0966
= 00945

Ky: Af (1 +hy 3 +Ke/

2 e T
Yl L LR

PR s = 00749
+l,(|/2) = O-OQZZ

1&,, P f (ﬂz'fwﬁzl %’2
LN (nprile, Y2t K202

% - A (gt ptEs)
B2 ot L grRhTRy) = '-f“z//

= O.p922

— p0-0%97

= 2)= Y1930 |
Yo+ b (b 2kopabgty) = 111207 7@

~
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K= At (2,500
%= H(wgﬂ\/z,ysz‘z)‘ = 00370
Ky > bf (Bt Yrthyp = 0-0870
K< &f(wﬁz\,%#l) = 0842

Yoz Y3+ ¢ (rprakrig) = 12752

«»W

0-0897

fl

7. (@ Simplifythe following :
® (x+y)x'y G xvyayvzayvz

(iif) xvy/\[(X/\y')v y]l

(1) vaa)/\@vz)/\(yvzp' = P(soy)

!
x % Z z\/y ?V‘Z 3V"L
ol © 9 o) ;/
o | ") |

O

(9

o |rfo v ||
. ;

/

@%)

k_

| Iy,o
| l‘jl !
i | | |

an

(f) @fy)_;!’yf - q.xf.yl_’_ ?_‘x"yl-:/eﬁ: D
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8. (@ Determine the motion, of a spherical pendulum, by using Hamilton’s equations. 16

T

bt

b
.

IR
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8. () Auniform straight rod of length 2a is freely movable about its centre and a particle of mass one-third that of the
: rod is attached by a light inextensible string of length a to one end of the fod; show that one period of principal

oscillation s (V5+1)xV(a/g). (16)
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8. () When a pair of equal and opposite rectilinear vortices are situated in a long circular cylinder at equal disance
from its axis, show that path of each vortex is given by the equation.

(r2 sin’ 8-b? ) {(*—~a%?= 4a’b’r’ sin’ O

6 being measured from the line through the centre L lar to the join of the vortices.

(18)
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ROUGH SPACE
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