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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. (a) o/ T& @98 G & A ITEYE H IR K W TR & % o(H) > ,/o(G) 3 o(K) > /o(G) EI
[T F HAK # (e} B, &l e deaqws 3@7@ B\ T8 o(H), o(K) 3R o(G) #¥: H, K 3R
G # Ff = Tula ¥
Let H and K be two subgroups of a group G such that o(Ii)>JcTG)_ and
o(K) > Jg(?})_. 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, X2, y yx, yx2} TF -3t TR & qU o(x) =3 3R o(y) =2 ¥ TWizY
& xy=yx? ? (F&l e, GGR G 1 qo0HF 3999 ® 3R o(x), o(y) FHM: ITTG! x, y H A
)l uia §)1

Let G={e x i, Y Yx, yx2} be a non-Abelian group with o(x) =3 and o(y) =2.
Show that xy = yx2 (where e is the identity element of G and o(x), o(y) denote the
order of the elements x, y respectively). 10

P i%%ﬁ@mzmqﬁammﬁsﬁaml
n=1

o n\n-1
Examine whether the series ZL
n

is absolutely or conditionally
n=1

convergent. 10

(@) 1<lz|<3 % fT f(2) = 1 T drl Aol § yEr Aif)

VLR
(z+1)(z+3)

Expand f(2) it 0 in a Laurent series valid for 1 <|z|<3. 10
(z+1)(z+3)

(e) witEw Fm
4x) —2x9 — X3 +2x4 =10

F frem o g 87 A Wi B y@ e 7 nud g B dE oft 3@ Hife s
T/ TG /e § |
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2. (@)
(b)
(c)
3. (@
(b)

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

2x) =Xy +3X3 +x4 =6

4x, —2xy —x3 +2x4 =10

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

feasible /non-feasible /non-degenerate.

10

wreht argen 6t ahmn v ok frg Aifvie & arafes Teedt &1 y@s afimd sgee

It e B | et B W H R AR R7

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

Tuiige % quifdhr wia Z[i] # 3 © swEeiy a9dd R

Show that 3 is an irreducible element in the integral domain Z[i]. 15
-x+2 Sn
waeR 6 faft ¥ g Fifm fe —’” =223
e E" x* +10x2 +9 12
Use the method of contour integration to prove that r _x_+_2__ wis
x* +10x2 +9 12 20
fc — 5 dz, C:|z|=2 % "1 I Hifs)
(z + 1)
eZ
Evaluate the integral ic—dz, C:|lz|=2.
2 3
(z+1) 15
mmﬁm_+g_2 z—2=1% T AR TR TR AR F S
8abc %
|
33
Show that the volume of the greatest rectangular parallelopiped that can be
2 2 2
y : i gusae 60y | Z . 8abc
inscribed in the ellipsoid — +Z—+—=1is ——. 20
a? b? c? 3J3
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(c) Faa (Sg3fedl) % fagra #1 sw = i Waw T v ) ga IR -

et FY Z = 3x, +4x,
Terd o6

X;—xy <1
X +xy 24
xX; —3x5 £3
Xy, Xo 20

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

Maximize Z =3x; +4x,

subject to the constraints

X —Xxy <1
X +x, 24
x; =3x5 £3
X, Xp 20 15

4. (o) SiEC 6 70 fige z[x] F R o(f(x) = £(0) T TR wRfEw ¢:2[x] > Z T
w1 TR A e (x), Z(x]) § o s et R, B 2 §
38 UeTEe TE R

Examine whether the mapping ¢:Z[x] > Z defined by ¢(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) Tag FRY % &% waq vem Gum TaeT 2

Prove that every continuous function is Riemann integrable. 15
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(c) T wroft & s Mem & Iyeey wwls, Yo% SR A AEwEEHa R T@E e § T
AR A THE IREET drTd ol Bt AEvEE TEEH @ S ©

mem B | 4 8 1 6 15

v % ouR W fm Forh 3 e o (Yewm) wwR H R
ARITWRI2%FE, AQIMIW1THE, AR IVROTE, BI Il W 15 &,
CAIR7HEIMNMCAMTW 1 T8

a3t R fFraw Fo aftes @ra 3@ Fifm)

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

I o m IV Supply

A 5 2 4 3 22
Warehouse B | 4 8 1 6 15

Cl4 6 7 .5 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. (@) W (D? +DD’-2D?)z = ysin x, &l Dsai 3R D’Eai 8, ¥ ¥ @ Hif)
X y

Find the solution of the equation (D2 +DD’-2D?%)z= ysin x, where D = ai and

X
D' = i
dy

(b) T s oo fFwm # ee-dea oy @ 5@ il -

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

(€ (i) & (3479),, F -3l wgfa i W@ (7AE-9F),¢ F wWeE wgld # wafere)

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

(i) T B F(xy2) = (x+y+2’)(x’+y’) % To¢ gemm wroft 3@ $ife) aemm
ROt A F(x,y,z) & O e samm w9 ot wm fifsg)

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.

SLPM-B-MTH/27 6
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(d) x=a(®-sin6), y=a(l +cosh), (0<6<2n) gA T T & ¥Fs F 9 ¥ T THUEH R
R m FHAE F1 T T THaerar 8 | dish bem J1d Hifvie | o7q: qwise % 7fe =1 e

%mﬁﬁﬂmmm%,ﬂﬁunos(g)%l

A bead of mass m slides on a frictionless wire in the shape of a cycloid given by
x=a(@-sinb), y=a(l +cos6), (0 <6 <27). Find the Lagrangian function. Hence
show that the equation of motion can be written as

2
ﬁ.’.iu:O
dt?2 4a

5
where u =cos| — |.
“ 4+6=10

(e) =R TM ¥ TH @ia IR T v & Ffvwa g @ x2 +y? = a? F ol fageit
(£5,0) w @ #1 waieg P wand

2
[r2 —%)(r"’ —4a2)—4a2y2 = ky(r2 -a?)
g0 @ I 8, el kU IR R MR r? =x? +y? R

A source and a sink of equal strength are placed at points (:I:g, O) within a

fixed circular boundary x* y2 =a?. Show that the streamlines are given by
[r2 —T) (r2 —4a2) —4a2y2 = ky(r2 —a2)

where k is a constant and r? = x? +y2. 10
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6. (a) mmﬁz%ﬁma—“+a—“_oaﬁqﬁ@ﬁmuﬁmﬂ
9x? ay

u@Qy)=0, ulay)=

u(60) =0, u(xb)=f(x)

% i\ ga Aifv)
%u  9%u 2 o
Solve — 2 + a—a— =0 for a rectangular plate subject to the boundary conditions
X y
u@0,y)=0, ulgy)=
u(x0)=0, ulxb)=f(x) 20
(b) T wH

Fxyz)=xyz+x'yz+xy' z+xyz’
F1 WA HINT R @A GATE wfuy #t t@ifea Hifvm)

Simplify the Boolean function
Fxy2z)=xyz+x'yz+xy z+xyz’

and draw the corresponding GATE network. 18

(¢ F=TH M, Brsa R 3R & L % UF THENH 319 Soi Fl, 9 $ He% ¥ T I aret et
F TF U= & 9Ny e Il i moEn Hif, aﬁz-am,émm:ﬂa%aﬂtp,am%
ﬁﬁsﬁ\ﬁﬁgmwm%ﬁm%@ﬁﬁmm%ﬁm , foras foe x- o1 y-a1g %
Uy Fe@ AU =Fem &, 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 —LIE 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(p?-g?)=x-y; p=22, q=22 % 7f wrEa @ AR
0x dy
i . 3 .2 _dx . as
Find the complete integral of z(p* -g*)=x-y; p=—, q=—.
ox dy 15

() =@ 2 A 2 Y FH B 9E AT SgUE, S HAwS

X 2 0 1 3
f(x) : 1 3 o5

W i A3 ®, Ja AR wed IR | aRey it ww Hifw

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. ‘ 1S

(c) Txigy for oreR faerifrar & © swdiey arofadf yae % fw A w2w

)

v=0=w, p=p(x)% @, s aa $ sgufef § 7 % e N age =@ &) = R
™ R U, haﬂ'{%W%I

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

- (G- 22

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

force. Given that U, h and P are constants.
o 20
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8. (a)

(b)

3TIfIh 3raehel FHE

¥ aAfragm (FahfRw) 70 NG 3R x =0, z=y A TR TN TN T9=HA I8 (V)
e $if)

Find the characteristics of the partial differential equation

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

CPETE Rl
[ ax=24f0 + i)+ PR2 UG - 1))

&l xg +h=x, fo=Sxo) fi=Slx) & 3R T (*), x % A0e e A1 e
w1 B, F g =R p iR FR-1e y@ A @: qETEHH

I:f(x)dx, a=xy<x < <xy=b
® A I F % ¢ g fam @ e fif
Find the constant p and error term for the quadrature formula

[ £ ede =20 + )+ PR2UG - )

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

J:f(x)dx:a=xo<xl <+ <Xy =hb -
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(c)

(i) =
kcos®

’
r2

k 3R

V(ir)=-

%@mﬁaﬁmmmmmnﬁmmmwmmamﬁ
tedfem o ¥iee w1 whiew @ fiftmg

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

_kcosb

r2

Vir)= , k is constant

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

() Eﬂi’\iﬁL=m5cy-—mm(2,xy, &l m 3R wo 3R §, # o it e aix
T %1 ¥ee wlew @ ffi @ (Rrem) N vgem Ta@wy
Consider the Lagrangian
L=m5cy—m(o%xy

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

* K ok

10

10
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