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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. (@) w91 & @98 G % @ 96 H 3N K @ ¥R & & o(H) > /o(G) 3R oK) > /o(G) %I
g 6 HN K # {e} R, &l e qoaws 37a9a ®| Tl o(H), o(K) 3R o(G) #9: H, K 3R
G $ Ff A i ¥
Let H and K be two subgroups of a group G such that o(H)>JE(a and
o(K) > m. Show that Hn K # {e}, where e is the identity element. Here o(H),
o(K) and o(G) denote the order of H, K and G respectively. 10

(b) W G ={e, x, x?, y yx, yx?} TF I-3AH TR & I o(x) =3 3R o(y) =2 ¥ T
& xy =yx? 2 (&l e, T4 G F qo0HH 3999 2 3R o(x), o(y) FH: I=FAl x, y H Ff
! T9ia §)1

Let G={e x Cih Y, yx yxz} be a non-Abelian group with o(x) =3 and o(y) = 2.
Show that xy = yx? (where e is the identity element of G and o(x), o(y) denote the
order of the elements x, y respectively). 10

@ o $EV 5 . m e vt 83 A st Ay
n=1

w  n\n-1
Examine whether the series ZL is absolutely or conditionally

n=1 N
convergent. 10
[d 1<|z|<3 % 1%-|u.f(z)=—1__$1wﬁhﬁ aoft % war $Hifs
(z+1)(z+3)
Expand f(2) Rl B in a Laurent series valid for 1 <|z|< 3. 10
(z+1)(z+3)

(e) wHE FEE

F fFae amud & £7 = ot B I fife) = rd v B e ot 3@ v S
AT/ FGETa /I § |
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2. (a)
(b)
(c)
3. (a)
(b)

How many basic solutions are there for the following system of equations?

211 —Xg +3X3 + X4 =6

-2x9 —x3 +2x4 =10

Find all of them. Furthermore, find the number of basic solutions, which are

feasible /non-feasible /non-degenerate.

10

et rgen it R A iR R Aifve 6 awafes Temett & g afmd sgFn o

FiEft argEw B Fnft A wd w1 o aee R

Define Cauchy sequence and prove that every convergent sequence of real
numbers is a Cauchy sequence. What is the importance of Cauchy condition? 15

ziigy f quifia wia z[i) § 3 % sy sEFa R

Show that 3 is an irreducible element in the integral domain Z[i]. 15
-X+2 Sn
FR e A AR ARG PR s [ ———"= dx="2 %)
J: x* +10x2% +9 12
x?-x+2 Sn
Use the method of contour integration to prove that J._: = =—,
+10x2 +9 12 20
§cz s dz, C:|z|=2 % 71 I AT
(z+1)
z
Evaluate the integral §C————dz, C:lzl=2.
2 3
(Z = 1) 15
ﬁzaﬁﬁuﬁ;ﬁgwi-ﬂ z—2= ¥ sl Ged 92 GHRIOE GHIIIHES FI AT
a®* »
8abc 3
|
3V3
Show that the volume of the greatest rectangular parallelopiped that can be
%3 42 o8
. 8abc
inscribed in the clhpsmd LIEY SRR L N 20
a? p? ¢? 343
[P TO.
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() & (sg3ferdl) & fagra #1 3w = e Waw e awen 91 g i .

HftreraiRw Ffg Z = 3x; +4x,
wwd T

X —Xx9 <1
X, +x, 24
Xx; -3x, <3
X1, X9 20

Apply the principle of duality to solve the following linear programming
problem :

Maximize Z =3x; +4x,

subject to the constraints

X, —xy <1
X +Xxp 24
X, -3x5 £3
Xy, X5 20 15

4. (@) ST R F0 flezlx F T o(f(0) = £0) T whfm SRfEm ¢:2[ » 2 @&
wHTeRTREr ® 1 R AR 7 s (x), Z(x]) § o e et @, B Zd §
3 ueTEed 76 R

Examine whether the mapping ¢:Z[x] > Z defined by o¢(f(x))=f(0), for
f(x) € Z[x], is a homomorphism. Deduce that the ideal (x) is a prime ideal in

Z[x], but not a maximal ideal in Z[x]. 15

(b) s HfY 7% % gaa Sem T TaeeE B

Prove that every continuous function is Riemann integrable. 15
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(c) T aroht & % Tiem # Iuerey T, TS TSR A EWEHEA AR T@F MW ¥ IS
R H 38 TRaeT arE B wft AEvEE STHEd 4 i R

Mmemr B| 4 8 1 6| 15

v % R W fim w3 fm ol (Fegw) wm A R

ARITWI2EE, ARIMR1ITEE, AVIVROTHE, BI IIW 15 K,
CAIM7 @R IMCA MW 1 =8

7oA g 3R Frem go wRes @ra I Al

The following table shows all the necessary information on the available supply
to each warehouse, the requirement of each market and the unit
transportation cost from each warehouse to each market :

Market

1 o Im IV Supply

Warehouse B | 4 8 1 6 15

cl|l4 & 7T b5 8

Requirement 7 12 17 9

The shipping clerk has worked out the following schedule from experience :

12 units from A to II, 1 unit from A to III, 9 units from A to IV, 15 units
from B to III, 7 units from C to I and 1 unit from C to III

Find the optimal schedule and minimum total shipping cost. 20
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@Wvs—B / SECTION—B

5. (@) wfEw (D2 +DD’-2D?)z =ysinx, sﬁ‘fbsai iR D'zai %, ¥ & ¥ Hifg)
x y

Find the solution of the equation [D2 +DD’ —2D2)z = ysin x, where D = ai and

X
D’ = i
9y

(b) = aw wiiww Form F meu-dea oy @ @ At .

10x+2y+2z=9
2x+20y-2z=-44
-2x+3y+10z=22

Solve the following system of linear equations by Gauss-Seidel method :

10x+2y+z=9
2x+20y-2z=-44
-2x+3y+10z=22

(c (i) §& (3479),, F f3-anurdl wgfa 3k ¥@n (7AE.OF),, I swwerm wgfd # w=fer)

Convert the number (3479),, into binary system and the number
(7AE-9F),¢ into decimal system.

(i) T BEH F(x,y2) = (x+y+2’)(x’+y’) ¥ T gemm wrofl g fifm) aemm
ROl A F(xy, 2z) F1 O AR yamm w9 4 ww fif)

Determine the truth table for the Boolean function

Fxyz)=(x+y+2z')(x" +y’)

Also derive the full disjunctive normal form of F(x, y, z) from the truth table.
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(d) x=a(®-sinb), y=a(l +cosh), (<6 <2n) TN R T 0% o F &9 ¥ v T a0
R m FAAF F1 T T fhaerar 8 | duish wew g1a i) 3d: gz f nfy &1 gt

%Wﬁﬁmwmi,ﬂﬁu=cos[g)ﬁl

A bead of mass m slides on a frictionless wire in the shape of a cycloid given by
x=a(®-sinb), y=a(l +cosb), (0 <6 <2m). Find the Lagrangian function. Hence
show that the equation of motion can be written as

d’u g
dt?

H
where u =cos 5 :
4+6=10

(e) =R ¥We ¥ TF Wia MR & Afom ww Fifvwa g @ x2 +y? =a? ¥ faia fagai
[ig,ojmr@ilwm%mﬂmz

2
[r2 --‘:ZT}(r2 -4a?)-4a%y? = ky(r? - a?)

O @ aeh §, R kR R MR r? =x?4+y? R

A source and a sink of equal strength are placed at points (:tg, 0) within a

fixed circular boundary x?2 + y2 =a?. Show that the streamlines are given by
g a*) 2 2 2.9 5T
r i (r° -4a®)-4a°y” =ky(r* -a“)

where k is a constant and r? = x2 +y2. 10
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6. (a) @m@z%miﬁﬁ_ﬂ_oaﬁmuﬁwﬁ
ox?  9y?

uQ,y)=0, ufay)=0

u(x0)=0, u(xb)=f(x)

¥ 3 T@ i)
%u  d%u
Solve 5_5 + 5—2 =0 for a rectangular plate subject to the boundary conditions
X y
U.(O,y) =0, u{a’y) =0
u(x0) =0, u(xb)=rf(x) 20
(b) FA HeH

Fixyz)=xyz+x'yz+xy' z+xyz'

F1 gt HIfSg 3 @9 GATE 9ftey #i @ifea fifsm)

Simplify the Boolean function

Fxy2)=xyz+x'yz+xy' z+xyz'

and draw the corresponding GATE network. 15

(c) w=A M, s R 3l o L F U HEAE 39 39 Fl, 909 % Fex 8 B 9H 9t 39E
% UF 9= & 9Ny Siew el Y o A, aﬁzaﬂ,%wmaﬂiamp.%m%
mmﬁgmwmﬁlﬂm%wﬁqwmﬁ%faﬂ , T 1T - o y-o18 %
Ry Fed Al =Aem &, oft 3| fifvg

Calculate the moment of inertia of a uniform solid cylinder of mass M, radius R
and length L with respect to a set of axes passing through the centre of the
cylinder, where z-axis is the axis of the cylinder and p is the constant density

at any point of the cylinder. Also find f_i‘ for which the moment of inertia about

x- or y-axis will be minimum for a given mass of the cylinder. 15
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d
7. (@) Z(p2~q2)=x—y;paa—z,qsg—:mq?’i'ﬂwmﬁml

Find the complete integral of z(p? -g%)=x-y; psgf, QE?_‘E_
0x y 15

(b) ®@ 2 W 2 ¥ FH F AR AR aguR, N Atwel

x 3 0 1 3
Fix) : 1 3 55

W 3% el ®, Ja HRL) TeT IR | aREy st ww AR

Find the unique polynomial of degree 2 or less which fits the following data :

X - 0 1 3
f(x) : 1 3 55
Also obtain the bound on the truncation error. ; 15

(c) wwigy 6 R frewifiar & w swdies soRadl ware & w31 wew

wo- (-2

v=0=w, p=p(x) % @Y, e aa A sgufefy & iy % e = age 7@ §1 = o
™ 2 % U, hsﬁ'ﬂ%w?l

Show that for an incompressible steady flow with constant viscosity, the
velocity components

- (o220

v=0=uw, with p= p(x), satisfy the equation of motion in the absence of body

force. Given that U, h and L are constants.
e 20
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8. (a)

(b)

ARF rTha FHIF

2 2 0z

p°+q° =2 PEa—, q
X

il
V|
&8

F Ao (Faeifsd) T MY 3R x =0, z=y & TH I TN THA I8 (VTHA)
e Fifg)

Find the characteristics of the partial differential equation

0z 0z
p?+q® =2 p=—,q=—
ox oy
and determine the integral surface which passes through x=0, z=y. 15

ST -4
[ £ e =2 o + 1) + P25 - £7)

W&l xo +h=x;, fo=Sxo) fi=Slx) & 3w ('), x % wne e H Felia
w8, & g 3R p R FR-12 I Ff) 3@ T

j:f[x)dx, a=xyg<x < <Xy =b
1 AF T4 FA & foe wgw w1 fmm i)
Find the constant p and error term for the quadrature formula

[ 7 e =20 + )+ PR 6 - 1)

where xy +h = x;, fo = f(xo), fi = f(x;) and prime (') represents derivative with
respect to x. Hence deduce the composite rule for integrating

Ef(x)dx, amxg <Xy < <Xy =b g
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(0 () s

Vi) = - kczsﬁ,
r

%wmﬁﬁmmmmmmtlmﬁuﬁm(n&mﬁ
tiedfmm v ¥ w1 e 3@ i

k 3R R

A particle of mass m moves in a force field of potential

kcosb

Vi) = -2,

k is constant

¥

Find the Hamiltonian and the Hamilton’s equations in spherical polar
coordinates (r, 6, ¢). 10

(i) TR L =mxy-mod xy, 7& m i o, 3 § = far ) tedfam ok
i # ¥ezr whiww I A @ (Rrem) A veem wawy)
Consider the Lagrangian
L=mxy-modxy

where m and w, are constants. Find the Hamiltonian and Hamilton’s
equations of motion. Identify the system. 10
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