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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 § 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 and otherwise indicated, symbols and notations carry their usual standard meaning.

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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Ql. (a)

(b)

(c)

(d)

(e)

STH-D-MTH

©Us A
SECTION A

A ST fh x; = 23 x,,1=x,+20, n=1,2,8, .8 | gz %
HIHH Xy, Xg, Xg, .. ST B |

Let x;=2 and x,,1 =%, +20,n=1, 2,3, .... Show that the sequence
Xq, X9, X3, ... 1s convergent. 10

uH T & G I n %1 T wE ? | s 6 G hHeE wHE S, % Uw
3YHHE % THEY! B |

Let G be a group of order n. Show that G is isomorphic to a subgroup of

the permutation group S, . 10
X &1 saue [o,g} W = 3N T T §1a Hifv |
sin x
Find the supremum and the infimum of — on the interval (O, —gJ : 10
sin x

3 o vy Avafis B f(z) T B R R 0w f(ljam Lo
z

fafeman 2 |

Determine all entire functions f(z) such that 0 is a removable singularity

of f[lj ' 10

A

TTht fafer < seuTer & g
2x +y
T I=AH HH, 94
4x + 3y <12
4x +y < 8
4x —y <8
X, 5210
1A I |
Using graphical method, find the maximum value of

2X +y
subject to

4x + 3y £ 12

4x +y <8

4x —y <8

x, y2 0. R 10




Q2. (‘a)
(b)
(c)
Q3. (a)

STH-D-MTH

o+ i
t

f(t)=J. [X]dX,
0

&l [x] T 9t U T 7, St x W B AT x b S 7, H qiar 7 |

G) Fuifa A aft swafas g t, &7 f sesmaa g |

Gi) TFruifa Hifse aft arafas gt «, &7 £ 9aq & Al TawaH T8
(Al

Let

t
ftt):j £]dx,
0

where [x] denotes the largest integer less than or equal to x.
(i) Determine all the real numbers t at which fis differentiable.

(11) Determine all the real numbers t at which f is continuous but not
differentiable. 15

gfi@r () TuTehet fafer & seamma & g fag hifsie fh

“® x sin mx
j [ dx B
0

2 2

n  -ma
a‘ +x 2

e

Using contour integral method, prove that

*® x sin mx -
J‘ ﬁ d.X = e ma. . 15
0 a +x

Dol a

e 6 F & &7 8 3 FX] @+t 9578, St F # Tohal SR X | &,
o wifaa a1 8 | fX), gX) e FIX] 990 g(X) = 0 % fog, giisy % w
a(X), *(X) eFX) & Fomeh foe (o(X) 1 o1 ((X)) = =1 & BT § 3R

fiX) = qX) . gX) + r(X).

Let F be a field and F[X] denote the ring of polynomials over F in a
single variable X. For f(X), g(X) € F[X] with g(X) # 0, show that there
exist q(X), r(X) e F[X] such that degree (r(X)) < degree (g(X)) and

fX) = q(X) . g(X) + r(X). 20

qutse fo6 @8 Zy x B, WA B, el § |
Show that the groups Z 5% Ly and Z, are isomorphic. 15
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(b)

(c)

Q4. (a)

STH-D-MTH

T AN f=u+ivds & D={z e C: |z| < 1) W T fazeifies .
w8 | gisT o D % asft fermgati w -
2 2 2 2
Let f=u+ iv be an analytic function on the unit disc
D={ze C: |z| <1}. Show that

o%u  6%u %v 8%
ek e
ox" 0Oy ox~ 0Oy
at all points of D. 15

Ryl fafY & grr Ffafea Was Tiume goen =t ga hifsw
SfereharieRtor Hifse

z = 3%; + 5%y + 4X%3
ENGRED

2x, +3%9 < 8

2x9 + 5%3 < 10

3x; + 2x9 +4x3 <15

X1, X9, Xg 2 0.
Solve the following linear programming problem by simplex method :
Maximize

z = 3%y + 0%y + 4%4

subject to

Xl, Xz, XS > 0. 20

F £: C — CTE n> 1% Bre, a7 e & £@ wem o1 nat reawa
et & 3R £O = £2 | 9 <fifSe f6 £ tEn gy Aveife wem ® s
foru fopeft n > 19 fow, £ [%) =0,9ftk=1,2 8, .. % fow | ewize fo5 f
Th SEUE B |

For a function f: C > C andn > 1, let £(™) denote the nth derivative of f and

£ = £ Let f be an entire function such that for some n > 1, £n) (%J =0

forallk =1, 2, 3, ... . Show that fis a polynomial. 15
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) Frefafes ofess goen & fa, a6 gfeeed fofa & g, smbes
AT GETd Bl T T AT AN 1 HIAT |

=459
D, Dy D3 Dy Dy

O11 4| 7 0 5 6 | 14
S Oy 1| 2 |-3| 3 | 8 |9 U
O3 3|-1| 4| 0 | 5 |17
8 3 8 13 8
HIT
Find the initial basic feasible solution of the following transportation
problem using Vogel’s approximation method and find the cost. 15
Destinations
D; Dy D3 Dy Dy
O 4| 7 | 0| 3| 6 |14
Origins Og| 1| 2 | -3 | 3 8 9  Supply
033 |-1]| 4 0 5 | 17
8 3 8 13 8
Demand

(¢) WM ohfsm &6 an@wﬁiﬁmaﬁ?ﬁmﬁawaﬁmﬁaﬂﬂ%|
n=1

e ol S w0 AT D i B 10097 v
n=1 n=1
Far g |

Let Z x, be a conditionally convergent series of real numbers. Show

n=1

oo

that there is a rearrangement Z Xﬁ(n) of the series Z X, that
n=1 n=1

converges to 100. 20
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Q5. (a)

(b)

(c)

STH-D-MTH

wvs B
SECTION B

(D? - 2DD’ + D'?) z = X *2Y 1 x3 4 sin 2x F T HINT,

EHI
2 2
Dzi, D’Ei, D2 = -é—, D'2= i—% l
ox oy ox2 dy?
Solve (D? — 2DD’ + D'?) z = e* * 2Y 4+ x3 4 gin 2x,
where
2 2
=8 el et pE. P 10
ox oy x? - oy?
mIE-SieA fofer % e W A e Fife aor @ A w1 st w9
L
2 6 6
2 8 6
2 6 8
%1 fet Fa shifs |
Explain the main steps of the Gauss-Jordan method and apply this
method to find the inverse of the matrix 10
2 6 6
2 8 6|
2 6 8
et SRR el o1 seTe i §U el so
z(y+z)xX+y+2) _
345 waay &9 ¥ fafay | wefemm ¥ v a8 et St 9
3T HINTY | U Tu =iee Jor Suh werad €9 ¥ R G gl s
319 IR B geartiq Hifsa |
Write the Boolean expression
z(y+z)X+y+2z)
in its simplest form using Boolean postulate rules. Mention the rules
used during simplification. Verify your result by constructing the truth
table for the given expression and for its simplest form. 10
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(e)

STH-D-MTH

T xy-H9dd H [ U Gad sk 8 991 S 36k 93k [ g0 Himmeg & i ffdse
AT & | AT TR

o’w o2

g‘;‘%ay—‘;’ = fx,y) V(x,y) e S? I
A S % TAH fog (x, y) W £ Fuffd 8 qon S & © @ w fwifa &, @
frg FIRTT R 37 76T 1 [ HW o B8 A T w = wix, y) THAE EA 8 |

Let I be a closed curve in xy-plane and let S denote the region bounded
by the curve I'. Let
2 2
%‘;i+%"2i - flx,y) ¥ (x,3) €S
If f is prescribed at each point (%, y) of S and w is prescribed on the
boundary I' of S, then prove that any solution w = w(x, y), satisfying
these conditions, is unique. 10

zuitsu 3 T Saxeer S, e g™ M R a1 Aule a9 b €, #
s, el cvad 2, i g st LM 20 A | o g
r

“Hiftre s e % ¥ wge ol 2N p? A, Srel p e ¥ 3 2

s Y drsad gl @ |

Show that the moment of inertia of an elliptic area of mass M and
21.2
1..a“%b

semi-axis a and b about a semi-diameter of length r is 1 M = Further,
r
fhat 4 t of inertia ab 5M o ;
prove that the moment of inertia about a tangent is p“, where p is

the perpendicular distance from the centre of the ellipse to the tangent. 10




Q6. (a)

(b)

(c)

STH-D=MTH

HTRTh STTheT FHIHT
2(pq+yp+qx)+x2+y2=0

%1 U FHTHS HTd HIfoTT |

Find a complete integral of the partial differential equation
2(pq+yp+qx)+x2+y2=0. 15

feT 7T wHgmE WH u_y, ug, vy IR u, F U, w AW T wiHw @
et feram ST B | quise 6 geeht

(y* ~1) x (x2 - 1)
ux=yu0+xu1+lyg'— A2u_1f —3'—

%Wﬁ%@ﬁmé,aﬁx+yzl%l

2
Auo

For given equidistant values u_j, u,, u; and Uy, a value is interpolated

by Lagrange’s formula. Show that it may be written in the form

y(yz -1) x (x2 —1)
3! 3!

where x + y = 1. 15

u, = yug + xuy + Azu_l + A2u0,

! UHEEH I AB, AC FI, i T &1 goHH m qen ar T 2a 3, wgw
aleh @ A T Heat & T T AT & q91 F AR gvae W alome § | ama ¢
W, THqA # fRR & 3@ Ox, Oy % ¥ & o8l &1 geamH g farg (6, ) ™
8 AT B Ox S WY 6 + ¢ 1 B0 a1t & | Rig Hifre fis o i 1l it

m{&2+ ﬁ2+[%+sin2 ¢]a2 éz+[%+cos2 ¢Ja2 d)z}% |

a1 & a9 % fow Afd & wns wfie w1 ot s fift, Ik Teswt X Y)
Hied T wel 5o el & wmoan, A fag W e R

Two uniform rods AB, AC, each of mass m and length 2a, are smoothly
hinged together at A and move on a horizontal plane. At time t, the mass
centre of the rods is at the point (&, 1) referred to fixed perpendicular
axes Ox, Oy in the plane, and the rods make angles 6 + ¢ with Ox. Prove
that the kinetic energy of the system is

m[&2+ ﬁ2+(%+sin2 ¢]a2 é2+(%+cos2 ¢Ja2 ¢2}

Also derive Lagrange’s equations of motion for the system if an external
force with components [X, Y] along the axes acts at A. 20

&




7. (a)

(b)

(c)

STH-D-MTH

R

9 2 2 9 9
B2 opn 02 L2002 F 02X L2
ox2 ox Oy 6y2 X 0x y Oy
! Tafea v & guria HifSe 3 s1aua 3891 g 31 i |

Reduce the equation

Y

92 0%z 6%z 9 02z yz oz x2 oz
y ;2—2xy b e = el ge
o0x ox 0y oy X X y 0Oy
to canonical form and hence solve it. 15

kY

" -
3h
J. ydx:?[(y0+yn)+3(y1+y2+y4+y5+...+yn_1)

a

+2 (yg +yg+ oo +¥q 3

! Fcud T | T n W HIE Ida-y 8 ? 39 G ! fafey | e &
gﬁm%mﬁﬁgﬁqﬂa‘aw%?
Derive the formula

b
3h :
I ydx=? g ) o 83 % Yo #1¥y Vg # wes FFi5 1)

a

+ 2 (y3 +y6 =+ i yn_a)].
Is there any restriction on n ? State that condition. What is the error

bound in the case of Simpson’s % rule ? | 20

Teh Sigel ¥ Teh YR Afctshl § & s & & =ama D aar d &, & dsf
T e W 2 | A VO v 9T & Gg-aT g qen Afg uen S e fa
IiEdt & aur -3 | vwTia B @ 8, af fag Hifse fe
2 2 w0
%:% W = VA/2K g

&l K 5-ed gl faumio g9 8 a0 STaiadt & |

A stream is rushing from a boiler through a conical pipe, the diameters
of the ends of which are D and d. If V and v be the corresponding

velocities of the stream and if the motion is assumed to be steady and
diverging from the vertex of the cone, then prove that

v _D? W2_ovZex
Vo g2 ’

‘where K is the pressure divided by the density and is constant. 15

7




Q8. (a)

(b)

STH-D-MTH

W&l c? =
2
(i) 9T T GHIRT T IANfE g Fa HI |
(i) wfcseet

y(0, t) = 0, y(, t) =0 T t & fw

R {@} =10, y(x,0)=asinE,0<x<l,a>0
ot Jt—o [

L T aR 4 3MiEd a1 8 991 m R &1 Ifd Iehls oS god|T=

5
m

& a9 i g et |

Given the one-dimensional wave equation
2 2
a—g = 2 6_}27; t >0,
ot ox

where ¢? = A , T is the constant tension in the string and m is the mass

m
per unit length of the string.

(i) Find the appropriate solution of the above wave equation.

(i1) Find also the solution under the conditions
y(0,t)=0, y(,t)=0 forallt

and [@J =0, y(x,0)=asin’=, 0<x<la>0. 20
ot lg—o !

AT fafer @ fow wamg 9 & 9§ us temiten fafaw | 3w fafy
fawerar it feafern @ vl Hifse |

Write an algorithm in the form of a flow chart for Newton-Raphson
method. Describe the cases of failure of this method. 15

10
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A (%, y, 2) Torg W orafiesr atet &1 am

2 2
3xz 3 3z° —r
= 3?, 5 ,r2=x2+y2+z
r T r

2

F g a8, a) fag FIfw s gg 1fy g @ a9 e 13 2 | 3R
T

M, g v oft Fyir fifse |

If the velocity of an incompressible fluid at the point (x, y, z) is given by

[SXZ 3yz 322—r2J 2 - 22 2

»

! 2

' ; =xX“+y°“ +2z

r5 r5 r5

then prove that the liquid motion is possible and that the velocity

potential is is Further, determine the streamlines. 15
t







