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MATHEMATICS (PAPER-II)

Time Allowed : Three Hours Maximum Marks : 250

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.

Question Nos. 1 and 5§ are compulsory and out of the remaining, 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 meanings.

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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WUs—A / SECTION—A

1. (@ ¥H wifs f& my, my, -+, m;. HAHE 1{?113; g A d>o0, my, my, ---, m; <l HEWH
T | Fuiee W@ iE x, xo, o, x; A @l

d=Xymy +XoMy + = + XMy

Let my, my, ---, m;. be positive integers and d > O the greatest common divisor of
my, m,, -+, m;. Show that there exist integers x;, x5, -+, X, such that
d=xlm1 +X2m2+"'+kak 10
(b) Acfi
4 4 4
X X
x* 4%

1+ (14—.7¢:4}2 [l+Jc4)3
F [0, 1] W wHgaH gt 6 ste Fif)
Test the uniform convergence of the series
™ x* x*
4+1+x4 (1+x4)2+{1+x4)3+m
on [0, 1]. 10
(c) IR THBeA f, I [, b) | THiE B, 79 fag Fifvw % f, [, b] | TR woaaE R

If a function f is monotonic in the interval [a, b], then prove that f is Riemann
integrable in [aq, b]. 10

(d) =m e c: [0, 1] 5 C, ct) =e*™, 0<t<1 % gr sfita o a5 B Fx wHIEA
[ —Z—— = ww frifm

222 —5z4+2

X

C
Let c: [0, 1] = C be the curve, where c(f) = e4“ﬂ, 0 <t <1. Evaluate the contour

: dz
in al | ———.
. ;_[232——Sz+2 10
fe) T &R F T fawm & i wi=iEl ) ofe &8 wm w6 2| e ama (6@ §) & =
T FH F T A & o I R, 9 wwfaw s # e mn ) W ot wdeiE B e
wft 1t =t 3@ we Fuifa Hife @ 75 o 6 99" #0351 =2Ea &

FHart

I I m IV 14
A | 10 5 13 15 16
B| 3 9 18 13 6
#d C | 10 7 2 2 2
D| 7 11 9 7 12
E| 7 9 10 4 12
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SPM IAS ACADEMY

SHAPING BRILLIANCE

2. (a)

(b)

(c)

A department of a company has five employees with five jobs to be performed.
The time (in hours) that each man takes to perform each job is given in the
effectiveness matrix. Assign all the jobs to these five employees to minimize the
total processing time :

Employees
I I m v 74
10 5 13 15 16
3 9 18 13 6
7
1

Jobs 10 2 2 2
7 9 i § 12

T 9 10 4 12

mo o>

fi) =x2 -9x2 +26x-24 F1, 0 < x < 1% T, iferran qen =graw 9= fefery)

Find the maximum and minimum values of f(x)=x° -9x? +26x-24 for
0=sx<l.

A i 7 Fuw &3 ® a1 f(x) e Fx], 83 F & SR 9/ > 0 1 T ¥gua | suise fh
TF §F F/ A9 U AaAH q: F > F' W UFR A A 5 2 f6 9§ f9 e F/[] 91 &
e F 8, 'l £9, f % % T a i g(a) T Shrdiia F1 | WW B )

Let F be a field and f(x)e F[x] a polynomial of degree >0 over F. Show
that there is a field F’ and an imbedding g: F — F’ s.t. the polynomial
f% € F'[x] has a root in F’, where f? is obtained by replacing each coefficient a

of f by gfa).

h[z+1|>3ﬁf(z)=ﬂma‘m%uﬁm, (z+1) ) el # 3 Ffw

z(z2 -3z+2)

z% —z+1

Find the Laurent series expansion of f(2) = —————
z(z%2 -3z2+2)

in the powers of (z+1)

in the region |z+1|>3.

3. (a) uF g fF f o v Svafis wom ¢ fes 38 2 =0 W TR Aoft wor 3 agftfa w9 1

aﬁma%umhqﬁﬁf&)ﬁpowaﬁaﬁﬁﬁm%l

Let f be an entire function whose Taylor series expansion with centre z =0 has

infinitely many terms. Show that z=0 is an essential singularity of f (—I—J
Z

10

15

15

20

15
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SPM IAS ACADEMY

SHAPING BRILLIANCE

(b)

()

4. (a)

(b)

(c)

wdl ax? +by? +cz? =1 a1 kx+my+nz=0 A WRERAE x2 +y2 + 22 F W (IN)
wA e | aftom 6t senfirda s it

Find the stationary values of x?+ y2 +22 subject to the conditions
ax? +by? +cz? =1 and Ix+my+nz=0. Interpret the result geometrically. 20

=1 e T wwen 1 366 Was some wwen § gfafia S

e FMY Z = x; -3x, —2x3
awd T
3x) —XxXq +2x3 <7
2x; —4x, 212
-4x; +3x5 +8x3 =10
&l x;, xp 20 T x5 A1 Tug Anfoefim 21
Convert the following LPP into dual LPP :

Minimize = xl —3x2 _2x3

subject to
3x) —Xxg +2x3 <7
2x; —4x, 212
—4x1 +3x2 +8x3 =10
where x;, x5 20 and x3 is unrestricted in sign. 15

Turigy % aftha Gemstl & 9= wqg Q % srufifia w9 & eris Iraye €

Show that there are infinitely many subgroups of the additive group Q of
rational numbers. 15

sin x dx

Frd WA 1 I A [ , @ >0 %1 7F Fra Fifve)
o x(x2 +a2)
; : . . = sinxdx
Using contour integration, evaluate the integral j —, a>0. 20
== %{x? +a®)

=81 M (fom M) fafa =1 3ugm #@ Fafofaa s vome gven ) ga i .
st FT Z =4x +5x, +2x,
EHGRES
2x1 +x2 +X3 >10
X; +3xy + x5 <12
xl +x2 +x3 =6
Xy, Xog, X3 =0
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3PM 1A5 ACADEMY

Solve the following linear programming problem using Big M method :
Maximize Z =4x; +5x9 +2x3
subject to
2x; + X5 +Xx3 210
xX; +3x9 +x3 <12
X1 % Xo A Xq = 6
X, Xo, X320

@Uvs—B / SECTION—B

5. (@) @iFW f(x+y+z x%+y? +2°%)=0 & WF Bor [ F Ew ®W A s@wa

(b)

(c)

(@

gHftetor =y i

Obtain the partial differential equation by eliminating arbitrary function f from
the equation f(x+y+2z, x2+y?+22%)=0.

R wE O, %mmmwﬁmm%mmaxﬂnosxm@

YTORE A I1a I, 791 =A-uwed Tty F g whom 8 widE 3 9% 3R Y TE &
fFepe @mu

Find a positive root of the equation 3x =1+cosx by a numerical technique

using initial values 0, %; and further improve the result using

Newton-Raphson method correct to 8 significant figures.

(i (3798-3875),p FI EHE 41 SRl FeaaHi § Fafery|
(i) (1P — R)A(Q= P) = y&g wasis g &9 (fifa seiffea wide wid) ww Hiftm)
(i) Convert (3798-3879),, into octal and hexadecimal equivalents.

(i) Obtain the principal conjunctive normal form of (]P—»)R]A(Q:!P].

FER xy-aa A 0 oF g0 & ey w #u & fo oaeg @) vl & fam f
weEal 3 gy B ud 1fa &1 v Xy - ijx - gx =0 R, &l g ol = R}

A particle is constrained to move along a circle lying in the vertical xy-plane.
With the help of the D’Alembert’s principle, show that its equation of motion is
Xy—yx—gx =0, where g is the acceleration due to gravity.

15

10

10

10

10
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SPM IAS ACADEMY
) sl (Gd) @ s (ﬁﬁ)%%ﬂﬁmmﬁéﬂﬁﬂaw=loge(z-9£-]€rm%?m

gri-t@is w1 @ difun ofR fag it B 3@ A @, 39 r =a 9w y-aw § sRwfE
Bt &1

What arrangements of sources and sinks can have the velocity potential
2

w= loge(z - a_} ? Draw the corresponding sketch of the streamlines and prove
z

that two of them subdivide into the circle r =a and the axis of y. 10

6. (a) T GHE

2 2
aza—u=a—"£ O<x<L, t>0

ax2  at?’
EagiG|
u@© =0, u(L, )=0
1 Ju
0==-x(L-x, & =
u(x, 0) 4Xl x) 1
¥ yivafte 7a 3@ Fifsw)

Solve the wave equation

2 9%u _0%u
gt LY

=—— O<x<L, t>0
ox?* ot?

subject to the conditions

u@©, =0, u(l, =0

1 ou
0)==x(L-x, —| =0
u(x, 0) 4x{ x) vy P -

(b) @ @ T Wi W uiE el SR F (x, y, 2) B P 3k @@ F(x, y 2) 1 ®&@

$ifrg a1 39% 3EY GATE dfuy difyg :
X ] z F(x y 2)
1 1 1 1
1 1 0 1
1 0 1 1
1 0 0 0
0 1 1 1
0 1 0 0
0 0 1 0
0 0 0 0
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Obtain the Boolean function F(x, y, 2) based on the table given below. Then

simplify F (x, y, z) and draw the corresponding GATE network :

x y z F(x y z)
1 1 1 1
1 1 0 1
1 0 1 1
1 0 0 0
0 1 1 1
0 1 0 0
0 0 1 0
0 0 0 0

15

(©) T B faft et % SR & o el @ faa Sl F R @ 99 s wefa A @
it & Frem it 7fg F fore wmsh arfieo 1 Fifse)

Obtain the Lagrangian equation for the motion of a system of two particles of
unequal masses connected by an inextensible string passing over a small

smooth pulley.

7. (a) SAH JATHA THEHO

(D2 -D’?2 3D +3D’)z=xy+e**2¥

d

mmwwﬁﬁm,ﬁﬁDsa_wD'=iil
X y

d

Find the general solution of the partial differential equation

(D2 -D’2 -3D +3D")z=xy+e**2¥

where Dséa— and D’Ei.

% dy

(b) whFET % FEm

4x; +2x9 +13x3 =24
4x‘ —2x2 + X3 =-8

% MIE-diew &y g 4 G FH 9 G 7 @ FIRC, T8 g™ FA F 96 5 797

fafty s g P & waiafE &9 1 AP B
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(c)

(@)

(b)

()

Solve the system of equations
3x; +9xy5 —2x3 =11
4x; +2x5 +13x53 =24
4x; —2xp +x3 =-8

correct up to 4 significant figures by using Gauss-Seidel method after verifying
whether the method is applicable in your transformed form of the system.

zuige 5 g = MY (o - faniw) w ware swide T TR 3 a-vard R

x? 4%
=1 7 1 YR fava *7 AR &, @ 9 fawe frefe)
Show that g = M, (A = constant) is a possible incompressible fluid
x“+y

motion. Determine the streamlines. Is the kind of the motion potential? If yes,
then find the velocity potential.

w12 faf %1 359 w0 AR sEwa GE p = (2 + qy)? F QO wHERA w4 AR

Find a complete integral of the partial differential equation p =(z+qy)2 by
using Charpit’s method.

e % TR FaavH g3 i Fgeata hiferg qen F-fwe of Hifvg)

Derive Newton’s backward difference interpolation formula and also do error
analysis.

<uigy % wffy fava tan ™! z % foq uro-vard qon wwfava o, g §) et of forg modm
Frefa aen z = +i W fafaman wifay)

Show that for the complex potential tan~! z, the streamlines and equipo-
tential curves are circles. Find the velocity at any point and check the
singularities at z=ti.

* kK

15

20

15

15

20
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