SPM IAS ACADEMY CS A0 Tvam » 2017

SHAPING BRILLIANCE ' ¢ y """""’"""Lil SW__D_MT—,L/—
fotd / MATHEMATICS
T94-9=A I1 / Paper 11
Aefa aq7 @ &7 a2 ferpag 3% : 250
Time Allowed : Three Hours Maximum Marks : 250

sy 36 fore e argRw

FIT IV & I 3 @ GF [T el 9TV &t YA F T3

5T o 59T & il g @t § Ao & aer i@t s st gl A 89 & |

Fiereff ) For i FeA & I A &

Tv7 T 1 s 5 i & o @il § 8 §9F @S & FH-G-FH U Jo7 GT [08] a7 571 & I 35T |/
Y% T/ & 3% 39 G R IT § |

et & 3w I greaw § for@ 5 wRT e 3P 9 YaW-97 H fHAr 7T 8, 3K 54 4redH &1 T 3g@
ToH-HE-IH (7. 71.T.) Yo & g@-988 W [l € W @ T kT | Ighaa areqm @ sifaked S 1
greE & for@ 7T R W FIE HF T8 A |

912 SETIF F, @ I9YE bS] H1 T AT, TAT IHH [T FIT /|

afa'a?ﬁafaﬁ?frvg?, Gaba a7 FeeTact] Falcrd qrE 79T 4 5w & 1

7 & FTRT 1 T FHHER F TG | T FreT 78 7, 7 Fo & IR HI 701 F TG we 98 IR HIAd: 747 T
8 | FT-TE-3TR i 3 @It D157 g3 §8 a7 3% 379 % €9F &Y H Hiel A1 =e? |

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 @ 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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SECTION A

AW T 6 x; = 2 3 x,1=4x,+20, n=1,2, 3, .. 28 | esu T
HIHH Xy, Xg, Xg, ... FATEAR 8 |

Let x4 =2 and xp,; =%, +20,n=1, 2, 3, .... Show that the sequence
Xq, X9, Xg, ... S convergent. 10

uH ST % G =i n % wF T 7 | qwize fF G e 9qg S, % ww
3YEHE o HE 7 |

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

the permutation group S,,. 10
X 1 o [O,E} W I=h 3N =T 7 91 HIRT |
sin X 2
Find the supremum and the infimum of — on the interval [O, —gJ . 10
sin x

3 woft vl dvdfen werl f(z) T B R R 0 wem f[ljamamﬁa
zZ
fafemar 2
Determine all entire functions f(z) such that 0 is a removable singularity
of f(lJ. | 10
z
Tt fafY & swawTe o g
2X +y
1 I=AH A, TG
4x + 3y <12
4x +y <8
4x —y <8
x, y=20
STd %[ﬁm |

Using graphical method, find the maximum value of

2x+y
subject to

4x + 3y <12

4x +y <8

4x -y <8

x, vz 0. R 10
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(i) Trutfa Hifve ot arafas T t, S8 £ 9dd & @ferd seshada T8t
71

Let

t
f(t)= I [X]dxy
0

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

(i1) Determine all the real numbers t at which f is continuous but not
differentiable. 15

i@ (F-) Heha fafer & gemme & g fag fifse fh

fo'e] .
X S1n mx T 3
J‘ ﬁ dX = — e ma.
0 a“+x 2

Using contour integral method, prove that

*° x sin mx T
_[ 5.0 B3
0 a‘+x 2

e &, . 15
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T Tifad T 8 | fX), gX) e FIX] 991 g(X) = 0 % foru, iz fF @@
aX), r(X) e F(X) & 57 T (x(X)) 1 =1t (g(X)) < =1 & BT & 3R

f(X) = q(X) . 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), gX) € 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) = qX) . gX) + r(X). 20

TS Toh W Zg x L, TS By Gl § |
Show that the groups Z 5% Ly and Z are isomorphic. 15
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2 2 2 2
Let f=u+ iv be an analytic function on the unit disc
D={z e C: |z| <1}. Show that

82u a%u *v %
at all points of D. 15
whyT faftr & g F=faRaa tRas T w9E i g9 hifu
ferepratertor hifsre
s3rd foh

2x9 + 5x5 <10

3%y + 2Xg +4x5 < 15

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

z = 3Xq + 89Xy + 4X3

subject to

Xl, Xz, X3 > 0. 20

% f: C — CUd n> 1% fou, a9 fifSw fr £ wem £a1 nal staeers
eafar 8 3 £O = £2 | g9 hifSw fF £ v von gy Syt wom B s
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T SEE & |

For a function f: C — € and n > 1, let f'™ denote the nth derivative of f and

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

forallk =1, 2, 3, ... . Show that fis a polynomial. 15
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Tdeq
D; Dy Dg Dy Ds
O1( 4| 7 0 3 6 | 14
YW Oyl 1| 2 |-3| 3 | 8 |9
Og(3|-1] 4 | 0 | 5 |17
8 3 8 13 8
HI
Find the initial basic feasible solution of the following transportation
problem using Vogel’s approximation method and find the cost. 15
Destinations
D; D, Dy Dy Dy
Oy|4| 7 | 0 | 3 | 6 |14
Origins Og | 1 92 =3 8 9  Supply
- Oz|3|-1|4] 0 5 | 17
8 3 8 13 8
Demand
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n=1 n=1
gaT B |

oo

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

n=1

oo

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

converges to 100. 20
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(D2 -2DD’ + D' z = e**+ 2V 1 x3 4 sin 2x HI 7 FIT,
o)
D=l
ox oy

Solve (D? — 2DD’ + D'?) z = eX*+ 2V 4 x3 4 sin 2x,

where
2 2
D=2 0'=2 p2. 2 po_9 , 10
ox dy &2’ oy?

EE-Sied faftr % gew W A s Fife g w Bl @ s 59
AR

2 6 6

2 8 6

2 6 8
1 gfdem F1a HIfR |
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
st SAfpEa i =1 s S g e e

z(y+z)x+y+2z) 7
1 34 Taan &9 § fafey | aefieo o s@ue 8 9t St 5
3g@ HIT | T T =S qon se weaw ®9 % R0 g et s
319 iy SRl Heafya hifs |
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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Let T be a closed curve in xy-plane and let S denote the region bounded

by the curve I'. Let
2 2
;‘g+a =flx,y) VY&, y)eS.

If f is préscribed at each point (x, 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
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Show that the moment of inertia of an elliptic area of mass M and

1 2b2

semi-axis a and b about a semi-diameter of length r is 1 M . Further,

r?
' ) . BM o ;
prove that the moment of inertia about a tangent is 3 p“, where p is

the perpendicular distance from the centre of the ellipse to the tangent. 10
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2(pq+yp+qx) +x2 +y2=0
1 QU FHTRA FTd HIRTT |

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

feq 7 wHews WH u_y, ug, uy IR u, F T, w AW T B @
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2
ux=yu0+xu1+¥ A2u_1-|.-

o &9 H fof@r <1 aehar B, 9@ x +y =128 |

2
x(x“-1) o
—ar X

For given equidistant values u_;, uy, u; and uy, a value is interpolated

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

y (2 -1 x(x2 - 1)

-
T MY

u, =yug + xuq + AZUO,

where x +y = 1.
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2 A1 B Ox & |1 6 + ¢ 1 I 511 8 | g iR 5 o 6) vl it

m[&2+ ﬁ2+[%+sin2 ¢]a2 (§2+G+cos2 ¢]a2 4)2}% |
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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 (&, n) 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 ¢]a2 ¢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.

&
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(a) grfientor
2 2 2 2 2
BOE oo O 202 § b2 %' 05
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& fafed su o garia hifSe 3t 3rqua 58 g0 319 i |
Reduce the equation

2 2 2 2 2

20 o P2 2 Y 2’

ox2 0x 0y dy 2 X ox y oy

to canonical form and hence solve it. 15

(b) T

i i
3h
J. de=€ [(y0+yn)+3(Y1+Y2+Y4+Y5+---+yn—1)

a

+2 (Fa + Vg + s ¥ 5 =5
$I Ycqd HINT | T n W Hig a9 8 2 39 wd i fdafge | e
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Derive the formula
j dx—— (y0+yn)+3(y1+y2+y4+y5+ o Wy 1)

2 (g Wb i Tor ol
Is there any restriction on n ? State that condition. What is the error

bound in the case of Simpson’s g rule ? ' 20
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v _D? o@? - V2)/2K

vV a? e,
W&l K e g1 [a9Tiora g« 8 a1 Saiad! g |
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

g_zD_Z o2 - V) /2K

vV g2 ’
‘where K is the pressure divided by the density and is constant. 15
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(i) IUGFd TT GHIHT T TG §F T19 hITT |
(i) wfcseen
y(0,t) =0, y(, t)=0 &} t & foC

an [@] =il y(x,O):asinﬁ,O<x<l,a>0
ot i —o l

& a1y oft g1 Femrfere |

Given the one-dimensional wave equation
2 2
a—g = g2 a—‘g; t >0,
ot ox

where ¢? = ke , 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.

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

and [QJ =0, y(x,O):asinE, D= x <, ax0. 20
ot li—o l
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Write an algorithm in the form of a flow chart for Newton-Raphson
method. Describe the cases of failure of this method. 15
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If the velocity of an incompressible fluid at the point (x, y, z) is given by

2 2
3xz 3yz 3z° —-r 9 9 9
5’ 5’ 5 7r =X +y2+z’

T X ¥

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

I’3

potential is . Further, determine the streamlines. 15
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