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MATHEMATICS
Paper 11

Time Allowed : Three Hours| | Maximum Marks : 300

INSTRUCTIONS

Each question is printed both in Hindi and in English.
Answers must be written in the medium specified in the
Admission Certificate issued to you, which must be
stated clearly on the cover of the answer-book in the
space provided for the purpose. No marks will be given
for the answers written in a medium other than that
specified in the Admission Certificate.

Candidates should attempt Question Nos. 1 and 5 which
are compulsory and any three of the remaining ques-
tions selecting at least one question from each Section.
Assume suitable data If considered necessary and
indicare the same clearly.

Symbols and notations carry usual meaning, unless
otherwise indicated.

All questions carry equal marks.

A graph sheet is attached to this question paper for use
by the candidate. The graph sheet is to be carefully
detached from the question paper and securely fastened
to the answer-book.

Important : Whenever a Question is being attempted,
all its parts/sub-parts must be attempted contiguously.
This means that before moving on fo the next
Question to be attempted, candidates must finish
attempting all parts/sub-parts of the previous
Question atteinpted. This is to be strictly followed.
Pages left blank in the answer-book are to be clearly
struck out in ink. Any answers that follow pages left
blank may not be given credit.
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Section ‘A’

1. (a) How many elements of order 2 are there in the
group of order 16 generated by a and b such
that the order of a is 8, the order of b is 2 and

bab' =g 12

(b) Let

.omo.. | 1
j;,(x).-_-dm-;, lf—ixﬁ;.

0, ifx> L.
n

Show that f (x) converges to a continuous
function but not uniformly. 12

(c) Show that the function defined by

x3y5(x+iy)
f@)=7 8 +ylo
0, z=0

«2#0

is not analytic at the origin though it satisfies
Cauchy-Riemann equations at the origin. 12
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3 \J

gt 'w

1. (%) a 3R b % gy v FR 16 & g & |l
rFaa e, W E o Frafl s,

bR 2 AR pab' =a' I 12
(&) 7= g
0 qﬁx<-—l—
: n+l

£, (x)=1 sin, gfy — sx< -'1;

x n+l
0 afz x>%-
wifen & f () doa wom @ afmafa @ g,
R TFA T | 12
(1) =ufeq &
y(x-t-:v)-
f@)={ x8+y1 2#0
0, =z=0
& grr afonfia wom I T frvafie i &,
Ty 3% IPW T Fhit- ﬁwmaﬁ\amﬁaimg&
. FaT g 12
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(d) For each hour per day that Ashok studies
mathematics, it yields him 10 marks and for
each hour that he studies physics, it yields him
5 marks. He can study at most {4 hours a day
and he must get at least 40 marks in each.
Determine graphically how many hours a day
he should study mathematics and physics each,
in order to maximize his marks ? 12

(e) Show that the series Y (—-) 1 is conver-
n=I\ T+ 1

gent. 12

2. (a) How many conjugacy classes does the per-
mutation group S5 of permutations 5 numbers
have ? Write down one element in each class
(preferably in terms of cycles). 15

(x+y)2 " .
(b} Let f(x, y)= x2+y2 0! (x. y);t(O, 0)
L. if (x, y)=(0, 0).

a .
Show that a—f and —f exist at (0, 0) though
dx dy
Sf(x, ¥} is not continuous at (0, 0). 15

(c} Use Cauchy integral formula to evaluate

3z
I_e-—dz, where c is the circle |z|=2.

15
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(7) = F gfafzT o wver nfvr w1 e
W, IEH 10 = i grfe S & ok Iush
A & qoma F gaw a2 F forg ImeRr
5 st ft oife St ® 1 aw afofim «fuw &
AfErF 14 02 FEIYT F HHAT § AR IGF g
TRF § FH & FH 40 3% ITH FTT AE9F ¢ |
e frafor S & 9wy s @
it A & forg, sawr gfafem e
T2 77fore i favam wo2 s &1 anvagA FAr

R | 12
w (g \"
(=) aufi s oy 5 (L) et 21 12

2. (F) 5 qegEll & FA99 F FHIT @ S F fhaq
#gmT 3 B € 7 1w ot ¥ @ g fofeg
(e B =TH & &7 H) 15

(@) 5 wiforg

(x + y)2

flxy)={24,2" af (x, ¥) 2 (0. 0)
1, afg (x, y)=(0, 0).

a‘arfsqﬁ:%fx- Sﬁ’:% T (0, 0) Y AT & aafy

flx, y) 9T TG & (0, 0) 9T | 15
3z

() [ dz, T 7 o T
¢ (z+1)

FTHAT eI T, et ¢ q [2|=2 &1 15

F-DTN-M-NUIB 5 (Contd.)



{d) Find the minimum distance of the line given
by the planes 3x+4y+5z=7 and x-z=9
from the origin, by the method of Lagrange’s
multipliers. 15

3. (a) Is the ideal generated by 2 and X in the poly-
nomial ring Z[X] of polynomials in a single
variable X with coefficients in the ring of inte-
gers Z, a principal ideal ? Justify your answer.

15

(b) Let f(x) be differentiable on [0, 1] such that

fQ) = f(0) = 0 and }fz(x)dx=l. Prove that
0

|

{) xf(X)f'(x)dx=~%- 15

(c) Expand the function f (Z)'—‘-m in

Laurent series valid for
() 1<|z|<3 Gi) |z|>3 i) 0<|z+1|<2
(iv) |z]<1 15

{d) Evaluate by contour integration

2r
I= PO . i<l 1S
2 1-2acosf+a
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(F) a9 3x +4y + Sz=T W x—z =9 F EIOT &«
@1 &, i & ol Y B & o, sgm E

=ATH A AT Hifor | 5

3, (%) il Z & aem & Qi AT TR X A
g ¥ agTR ded Z [X]F 2 R x & 7@

Sifrer JUISITEEl T g TurTEeT grat & 7 s
I & Ter ¥ o geqa o | 15

() s+l () e @ (o, 1) W%, W
f(1)=f(0)=93ﬁT}f2(x)dx= . forg o
0

ixf(x)f’(x)dx=—%- s

(W)Wf(z)=-(-z+—l)'(—z':'5)—$f

G) l<|z|<3 (i1) |Z|>3 (m) 0<|Z+l|<2
(v) |z]<t & fag 3w, &kt i § gEr
$ifrg | 15

(9) e gRTERET & T qETEd o

27 4o

1=j
° 1-2acos@+a

= a? <1 15
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4. (a) Describe the maximal ideals in the ring of
Gaussian integers Z [i]={a+bi|a, be zZ}.

20

{b) Give an example of a function f(x), that is
not Riemann integrable but | f(x)| is Riemann
integrable. Justify. 20

~(c) By the method of Vogel, determine an initial
basic feasible solution for the following trans-
portation problem :
Products P, P,, P, and P, have to be sent to
destinations Dy, D, and D The cost of send-
ing product P, to destmanons D is C where

the matrix
10 0 15 5
[c;]=17 3 6 15)
0 1t 9 13

The total requirements of destinations D, D,
and Dy are given by 43, 45, 95 respectively
and the availability of the products Py, P,, P,
and P, are respectively 25, 35, 55 and 70.

20
Section ‘B*
5. (a) Solve the partial differential equation
(D-2D')(D- D)z =e"*. 12

(b} Use Newton-Raphson method to find the real
root of the equation 3x = cosx + [ correct to
four decimal places. 12
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4. (F) wrIEE QUi
zli|={a+bila be Z} & T ¥ st
ortEfEl T avia Hif | 20
(®) T f(x) T CH T AW TR T,
@ qOE gEEE & W | f(x)|
TRIFAAT B | IO IHET ST | 20
(w)ﬁmﬁ%ﬁw&awm%ﬁrq,aﬁa#%ﬁx
¥ g, A arenfcE arem gl o fretor
o
TS P, Py, Py . R P, ® WA Dy, D, ¥
D, T AT & | IO P, Y AT D, A HA
F IR C; &, Tl AT
10 0 15 5
[C,-j]=l7 3 6 15
0 119 13
st Dy, D, HR Dy N G AATHATE FAL:
45, 45, 95 &, AT IER P, Py, Py AR P,
SUESHAT AR 25, 35, 55 R 70 8 | 20

¥g ‘@

5. (%) AR saerel GHIET
(D-2D)(D~ D)z =¢* TRGT] 12
(@) |HE=T 3x = cosx + | T, T T €I
aF FE, TRAfaE g qew w4 F g, gz-
twe e & s i 12
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(c)

\
(d)

(e)

6. (a)

(b)

{c)

7. (a)

Provide a computer algorithm to solve an
ordinary differential equation -gz = f{x, y) in
X

the interval {g, b} for n number of discrete
points, where the initial value is y(a) = q.
using Euler’s method. 12

Obtain the equations governing the motion of
a spherical pendulum. 12

A rigid sphere of radius a is placed in a stream
of fluid whose velocity in the undisturbed state
is V. Determine the velocity of the fluid at any
point of the disturbed stream. 12

Solve the partial differential equation
px+gqy =3z 20
A string of length ! is fixed at its ends. The
string from the mid-point is pulled up to a
height k£ and then released from rest. Find the
deflection y(x, #) of the vibrating string. 20
Soive the following system of simultaneous
equations, using Gauss-Seidel iterative
method :
3x+20y-z=-~18

20+ y-2z:=17
2x - 3y + 20z = 25. 20
. dy :
Find In at x =01 from the following data :
x: 01 0-2 03 0-4
y: 09975 0990 09776 09604

20
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(1) EraveT SR HEtRT g:E:f(x y) F AT

[a, b] ¥, e figell 1 n o & foig, TR
fiftr = e ad g, 7@ w9 & fog o
- g iR wW R, a%‘imﬁ:a:m

ya)= ¢ B
(q)ﬁm?ﬂmﬁnﬁrmﬁammﬁaﬁ
qeteRul FT TTH ifay | 12

() B o ¥ 0F g7 Merw 1 0 OF e g
¥ var s 2, ey sfngey smen F v R
36 acd & faeew ar ¥ frdt g o A

ferafoor fifa 12
6. (%) Frafafi «ifis amsw e & fa
tpx4qy =3z

(a)w{zm@m{a{ﬁaﬁrfﬂﬂwawzmm
Ia%F awr fig § = & O IWE FW g
ATaT 2 | 3R TEd Ay frmae & 9 R
[T | FUHW AR & S y(x, 1) AER

a?rl%m 20
(tr)mtm %wﬁ&r**rsﬁm?m
: & frafafea o 1 &

aﬁﬁv

3x 4+ 20y - 2 =-18
205+ y-2z=17
2x - 3y +20z = 25, 20

.o dy
7. (ﬂi)ﬁﬁﬁﬁﬂmﬂiﬁxztﬂﬂﬁﬁ?ﬁﬁq:
x: 01 0-2 03 04

y: 09975 09900 09776 0-9604
20
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(b) The edge r = a of a circular plate is kept
at temperature f(6). The plate is insulated so
that there is no loss of heat from either surface.
Find the temperature distribution in steady
state. 20

(c) In a certain examination, a candidate has to
appear for one major and two minor subjects.
The rules for deciaration of results are : marks
for major are denoted by M, and for minors by
M, and M. If the candidate obtains 75% and
above marks in each of the three subjects, the
candidate is declared to have passed the
examination in first class with distinction. If
the candidate obtains 60% and above marks in
each of the three subjects, the candidate is
declared to have passed the examination in

_first class. If the candidate obtains 50% or
above in major, 40% or above in each of the
two minors and an average of 50% or above in
all the three subjects put together, the
candidate is declared to have passed the
examination in second class. All those
candidates, who have obtained 50% and above
in major and 40% or above in minor, are
declared to have passed the examination. If the
candidate obtains less than 50% in major or
less than 40% in any one of the two minors,
the candidate is declared to have failed in the
-examinations. Draw a flow chart to declare the
resuits for the above. 20
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| (¥) T TR ©E & fFAR r= o WA f(5) W

TET STt B | @I SO 2 afer fR s yg &
AT Y T T e | e e § anr faw

wreg i | 20

(7) v FAw ohEr F, IEEaR A oF A dR A
AR gt & odterm 34T S 2 | T i
o & fram & fo Ao & forg o M, & 3RT
i AR &F o s M, 3R M, & g T
frq s )1 aR v sodea] dm fawar &
75% TT IEF FAC ¥ T FIGT § AT SHR
‘uee fe fefemm’ it fsar smar ) 3
IHEa #T dt fawal § 609% ik F9T AF
e &, aY swiigar & 'waw Ao F g’ nfva
T wmar ) afe sufeEr ST R d 50% a1
FU, AT AR § 40% AT FIL 3k TH B &,
o aelt Ry & greia £ siea § 50% a1 IR
¥ ITH A § ar guar e At F q’
e forar ST 8| 39 &t SEeERT &, St
AT H 50% a1 FI AT A A 40% AT FH
o W =g &, ‘T 9ifte fear s & afk
IRfiear &1 Fo § 50% & a far ot A &
40% ¥ &9 3% IH B ¥ a7 I SEHIGAR H
“Uer i oy strar | IweE F aformr A
"9 FA F 10 o yare 9 AR | 20
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8. (a) A pendulum consists of a rod of length 2a and
mass m; 1o one end of which a spherical bob of
radius a/3 and mass 15 m is attached. Find the
moment of inertia of the pendulum :

(i) about an axis through the other end of the
rod and at right angles to the rod. 15

(ii) about a parallel axis through the centre of
mass of the pendulum.

{Given: The centre of mass of the
pendulum is a/ 12 above the centre of the
sphere.] i5

(b) Show that ¢ = x f(r) is a possible form for the
velocity potential for an incompressible fluid
maotion. If the fluid velocity §— 0 as 7 — oo,
find the surfaces of constant speed. 30
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8, (F) FATF U F@E B F AN TETAA m &
T T 8| 3% & R ® B a3 AR
ZEAM 15 m FT U JATER d2h ST g & |

Hrereh &7 T ATl AvepT Hifong

() B3 gA foR & ot & T arer o 8%
¥ quaw u F [ | 15

(i) doE ¥ FTERH-F F ST & qAE A"
& Tafre |
[T : AF &7 THAT-F+E NAF & $75
¥ a2 FWLI] i5

(@) iz & ¢ = x f(r) TF sEeT awm afa Fan
feFftwamerd gl r 5 o, @
T AT § — 0 B, Y giEd! T & I8 H
e HIT | 30
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i
ayq-uyx 11
e ; i o2 qurfs : 300
ST
T g7 Rt s s A A g 2

vl & IO} JaT Areaw # g o iy, fver swa
HT9E G- H 347 797 &, 3K 79 A7 &7 % Fooiq
FR-J€TF & JG-95 W fead [ARE e w faar s
T | gAT-97 T Ifrfga arerm & afafer a7 fFat
qre § fo@ T IO 91 &1 e g Ao

TIT FEIT 1 IS5 sfFard £ | Fft g9t § § 9w ave &
FH-0-FH GaF G AR [F+5T di gt & Foe &g |
aﬁmw@ﬁmmwmaﬁﬁqwaﬂaﬁ
e g |

ga?ag}aﬁraém’r%gaﬁﬁsnf? AT TF HTYT T FET
a7 gt |

& Tt & sF qET &

T 99T 9T & qrY SHIRaR] & 9FT & [0 a1 i gorg
21 a1 ST B grEuEgEdE 99T 97 § HeT @] IO}
gferer & ary et g Ay § |

gg AT g aa W fat mT aTIw i @ g, aw
IT T & oWt Wit /Io-wrn & S} arg-arw ¥
gwat of ag § (3 srrer we &7 IR forad & g s
az##ga‘ﬁwﬁ'ys#%mﬁwr‘r/w-wﬁ%m
AHTH g1 AT | 39 T & T O

IR gferer & @reft @i gu 98t #t #W&rm#aﬂz
éf@??#@égqgw?%mr%@gqm%%?ﬁq
T, QaT g T &

Note : English version of the Instructions is printed on
the front cover of this question paper.
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