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MATHEMATICS
Paper—II

[Tfme Allowed : Three Hours] [Maximum Marks 300]

INSTRUCTIONS

Each question is printed both in Hindi
and in English.

Answers must be written in the medium
specified in the Admission Certificate
issued to you, which must be stated
clearly on the cover of the answer-book
in the space provided for the purpose.
No marks will be given for the answers
written in a medium other than that
specified in the Admission Certificate.

Candidates should attempt Questions 1 and
5 which are compulsory, and any three
of the remaining questions selecting at
least one question from each Section.

Assume suitable data if considered
necessary and indicate the same clearly.

Symbols and notations carry usual
meaning, unless otherwise indicated.

All questions carry equal marks.
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SFg‘ION—-A
Attempt any FIVE of the following : (12x5=60)

(a)

If R is the set of real numbers and R, is the set
of positive real numbers, show that R under
addition (IR, +) and IR, under multiplication
(R,, -) are isomorphic. Similarly if Q is the set
of rational numbers and Q, the set of positive rational
numbers, are (Q, +) and @ _, -) isomorphic ? Justify
your answer. 4+8=12

(b) Determine the number of homomorphisms from

(c)

(d)

the additive group Z 15 to the additive group Z iD*
(Z is the cyclic group of order n). 12

State Rolle’s theorem. Use it to prove that between

two roots of €* cos x = 1 there will be a root of
e sin x = 1. 2+10=12

+1 if x<l
Let f(x)=: +1 if 1€<x<?2

+1 i 2sx

What are the points of discontinuity of f, if any ?
What are the points where f is not differentiable,
if any ? Justify yours answers. 12
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TS—F
Frfafad 7 @ &1 o & 3T AT - (12x5=60)

(F) uﬁﬁlwmwﬁzﬁ,aﬁt&l+m
ardfas et &1 8¢ B, §unsd 6 RO &
I (R, +) X R, o & I (R, ) Tegardh
B 1 T & g, 3t Q uRAw g=msh w1 dc
gl 3 Q, gATeH® RAg gEen &1 /¢, a1 &
Q. +) 3T @, ) ot Teasprdt 8 ? 3o IWR &
g8 H T ey | 4+8=12

(@) zh?qaw;a'zw?r szlowaﬂmﬁﬁmﬁ
FT Feat w1 g Fe 1 (2 FfE o w1 Ty
a8 ) 12

(M T & 999 FT FI9 FIC | I8 gifeg s & g
ff e“cosx=1% 3 7ol & @I F e*sinx = 1
HT Th A BN, TH FHT &HT FWHA IO |

2+10=12

2
@) AT fix)=1 —’2‘ +1




(e) Let f(2)=

Assume that the zeroes of the denominator are
simple. Show that the sum of the residues of f(z)

at its poles is equal to a—l;‘:'—. 12
(f) A paint factory produces both interior and exterior
paint from two raw materials M, and M,,. The basic
data is as follows :
Tons of raw material per ton of | Maximum
Exterior Interior daily
paint paint availability
Raw Material M, 6 4 24
Raw Material M, 1 2 6
Profit per ton
(Rs. 1,000) 5 4

A market survey indicates that the daily demand
for interior paint cannot exceed that of exterior
paint by more than 1 ton. The maximum daily
demand of interior paint is 2 tons. The factory
wants to determine the optimum product mix of
interior and exterior paint that maximizes daily
profits. Formulate the LP problem for this situation.

12

4 (Contd.)




(f[) Eﬁﬁfq f(z)=au+alz+ ........ +an_lzn . b 20,
b, +bz+........ +b,z

e & B @ 9T X B qwiae & f(z) &
SEAST FT IEH AT gX A el F gI@ER BN

n

2| 12

(@)ﬁzaﬂwwaaﬁnﬁMlaﬂ'{Mza
Fiafie 3T T/ Al 92T HT Icared HT o |
g stes Frafafee sgar €

T =9 9T =T AT * = | Atewmaw
el EIGIEE] RG]
Uz L3 IqAsEET
HEEHWMI 6 4 24
&edl "I M, | 2 6
gfd 9 gATH
(1,000 &) 5 4

IO g3 &0 ¥ uar =ar g & el ¥ @ e
o, ST Y2 & 1 €9 ¥ SUeT FE B whdl 2|
IFiafts Yz ) fteay 2Fs =i 2 27 8| F@En
A T =T 92 & Q¥ SoCadd IcaTe- T
F1 Frafzor w1 =@ea 8 & s P g
sfers & st B o | 9 Rafa & forg LP wa&m
1 fa=a ST 12
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2.

(a)

(b)

(c)

(d)

(a)

How many proper, non-zero ideals does the ring

Z,, have ? Justify your answer. How many ideals
does the ring Z,® z, have ? Why ?
2+3+4+6=15

Show that the alternating group on four letters A i
has no subgroup of order 6. 15

Show that the series :

()53
— | +|=—| +ennne. +
3 3-6

[1-4-7 ........ (3“_2)]2 +

converges. 15

Show that if f : [a, b] =& R is a continuous function

then f([a, b]) = [c, d] for some real numbers

c and d, ¢ < d. 15

Show that Z[X] is a unique factorization domain
that is not a principal ideal domain (Z is the ring
of integers). Is it possible to give an example of
principal ideal domain that is not a unique

factorization domain ? (Z [X] is the ring of

polynomials in the variable X with integer.) 15
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2. ﬁ)wzlzﬁm,ﬁ—wmﬁﬁﬁrﬁ@%%?
99 ITL B g H T oI | aﬁuZHQZIZ%

fha= Imeet 89 & 7 T ? 2+3+4+6=15
(@) T fF I HE A, 9 THIAT FHE HT FIE 6

HT HIz IT-G9F A8l 2 | 15
(M zuise & Aof .

()53
— | +|— | Fussnne +
3 3-6

[1-4-7 ........ (3n — 2)]2 N

---------

s Ra 8t 2 15

(%) <oz & 3fk f: [a, b] > R & dad w9 8,
9 D aRdias §@El oM d, c<dd

f([a, b]) = [c, d] | 15

3. () wwizy W& Z[X] & v g peEesa a2,
S HE IUSTEe! gid A8 8 (2 il #T acd

2) | T f&dl U8 geu mEd! gid @1 IQET

<A1 §@99 8, S sfegdg quEEsa wig T 8 ?

(Z [X] it &feq 9 X & @gusl &1 aog 2 1)

15
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(b)

(c)

(d)

(a)

(b)

How many elements does the quotient ring

Z,X] ) : : .
B(T;—l—) have ? Is it an integral domain ? Justify

YOUrs answers. 15
Show that :

Lt _z .

x—»1 n:]n+x n!n+1

Justify all steps of your answer by quoting the
theorems you are using. 15

Show that a bounded infinite subset of R must have

a limit point. 15

If o, B, vy are real numbers such that o’ > f}z + yz
show that :

]-“ de - o7
a+BcosO+ysin® fo? —p? -y
30

Maximize : Z = 3x,  + 5x, + 4x,
subject to :
2}{1 -+ 3}{2 < 8,
3x, +2x, + 4x, = 15,
2x2 + 5x3 < 10,
x. 2 0. 30

8 (Contd.)




ZX] .
(Xzﬂ)a‘»%ﬁﬁmﬁ%%?w

7g UH YU Yid @ 7 394 IO P UH H a9
QI | 15
() wuTsg &

> n’x’
Lt _E '
w2 n* +x* n® +1

n=l n=1

g B g3a &1 ST $Y W@ 8, S99 &
IFT, A9 IO D g FGHl D 9H H Tl QIorg |

(@) fasmr aem

15
(@) Tuisy & R 3 9R@x sFd Iqgq=ag &1 TH dMH
fag ar=T S8 B 2| ; 15

@) IR a, B, y T aafas @@ & &F o > B2+ 77,
?ﬁ?‘ﬂﬁQ f&F -

2n

27
5‘-(1+Bcose+ysm9 f — B2 —y? -
30

@) %:-3)(1 5%, 4 4K, 1 sfgrmadida wifee, o

le + 3:--:2 < 8,

3x1 + 2:-(2 + 4}-:3 = 15,

2x2 + Sx3 < 10,

X, = 0. 30
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SECTION—B

5. Answer any FIVE of the following : (12x5=60)

(a) Show that the differential equation of all cones

which have their vertex at the origin is px + qy = z.

Verify that this equation is satisfied by the surface

yz + zx + xy = 0. 12

(b) (1)

(i1)

(c) (1)

Form the partial differential equation by

eliminating the arbitrary function f given by :
f(x? + y?%, z — xy) = 0. 6

Find the integral surface of :
xX’p+yq+z =0

which passes through the curve :

Xy=x+y,z= 1. 6

2 + ax + b = 0 has two real

The equation x
roots a and . Show that the iterative method

given by :

X i = —a X, + b)/xk, k=0, 1, 2. ......

is convergent near x = o, if |a |[>|[B|. 6




S

e

reafafea o @ 531 o & 39T AT @ (12x5=60)
(&) wuse & 37 g+f wiws @1, Fras e 9w 9
B0 &, P FHIHU px +qy =2z BT 8 | ggiaa
Ffg 6 o5 fieer g% yz+zx +xy =0
g7 dqse Bram 8 | 12

@ @)

(i1)

m @)

fx>+y%, z-—xy)=0
® TR T W8 FHad @ g w3 B
g, e et THIOT FH19C | 6
x’p+yq+2z22=0
FT TATHA Y5 HIGH HIC, ST T
Xy=x+y,z=1
¥ @ Tearn 8| 6
gfHr x> +ax +b=0F QA FEAEAS TqA
a3 B T uizg & -

X, =—@x, +byx,k=0,1,2, ..

& g < gAughnges B x = o, ® FEe
s B, af? |« |> | B | 6
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(ii) Find the values of two valued boolean

(d) (@)

variables A, B, C, D by solving the following

simultaneous equations :
A+AB=0
AB = AC
AB + AC + CD = CD
where X denotes the complement of x. 6

Realize the following expression by using
NAND gates only :

g=(a_+5+c)a_(5+e)f

where X denotes the complement of x. 6

(i) Find the decimal equivalent of (357-32)8.

6

(e) The flat surface of a hemisphere of radius r is

cemented to one flat surface of a cylinder of the

same radius and of the same material. If the length

of the cylinder be / and the total mass be m, show

that the moment of inertia of the combination about

the axis of the cylinder is given by :

2(! 4 ]/( 2r]
mr- | —#4—7f I +— 12
2 135 ) 3 )
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(i) PreTffes gmeq @
A+ AB =0
AB = AC
AB + AC + CD =CD
F B FT $ gIU Q1 ARG g 90 A,

B, C, D3 #HI & AGH HIC, W8l X Arferd
FLT & x D GLH B 6

(&) (i) Had TA RSP R’ F FWHA HQ Y,
frafafea sgss &1 9o HiNg -
g=@+b+c)yd(@+e)f

SEl X difaa &ear 8 x ® gI@ Bl | 6

(i1) (357-32)8WW§FJW3$1%@
6
@) B r 3 sdme 3 =9 g & IW B e
I et ¥ 93 e Rty & ™ 39 g @
gra oy gsm 21 afk RfRist &1 de 7%

®d FUAE mBl, A <9isq & e @ sy
® T B Fame Sgcad gl EAfafEa g

mr2(~!—+4 r] (!+-2r~)
215 3 ) ke
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()

(a)

(b)

(c)

Two sources, each of strength m are placed at the
points (—a, 0), (a, 0) and a sink of strength 2 m is
at the origin. Show that the stream lines are the
curves :

(x* +y°)? = a’(x? — y? + Axy)
where A is a variable parameter.

Show also that the fluid speed at any point

1S (2maz)/(rlr2r3), where r., r, and r, are the

distances of the points from l;he2 sources and the
sink. 12
Find the characteristics of :

yzr = %%t =.0
where r and t have their usual meanings. 15
Solve :

(D? - DD' - 2D?)z = (2x? + xy — y?) sin xy — cos Xy

where D and D' represent L and—'Ei . 15

oy
A tightly stretched string has its ends fixed at
X =0and x =/. At time t = 0, the string is given
a shape defined by f(x) = ux(/ — x), where Lis a
constant, and then released. Find the displacement
of any point x of the string at time t > 0. 30
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(@) A T@l B, TAH m qHA F, f¥gsil (—a, 0), (a, 0)

()

(#)

(M)

qx <@l g3 ® R e 2 m w1 TF [E ITH
qv Tofg 21 wguse & g Y@ 3% B o

x2 + y»)? = a%(x* — y* + Axy)
wBf A TF ufiadl 9rad B |

7e +ff guifz & el off fig oX @ TR
(2ma®)/(r rr,) 8, T8l rl,rzsﬁ'( rsﬁﬁ?ﬁ AT &=

1723

a fage = gRai € 12

yzr—x2t=0
® frcrerT AH G F8T 3T ¢ F I JAA
sd 2 15
B HIT -

(DZ-DD'_ZD'2)2=(2x2+xy—-y2) sin Xy — COS XYy

& DI D Prefg a2 a2 @ 15
ox oy

o & wy Y g T o B R x =03
x =19 I3 EC F| AN t=0 WY, T B
f(x)=px(l—x)%§mqﬁmﬁﬁm§ﬁ'f?ﬂﬂ'ﬁﬁ%,
wEl y UF Pradis 2 iR IS a% Too, B
SeT WET 1 wWE t> 0 9T oy & fhdr o &g
x &1 faegma \e@ ST | 30
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(2)

(b)

(c)

(a)

Develop an algorithm for Regula-Falsi method to
find a root of f(x) = 0 starting with two initial
iterates X and X, to the root such that sign
(f(xo)) # sign (f(xl)). Take n as the maximum
number of iterations allowed and eps be the

prescribed error. 30

Using Lagrange interpolation formula, calculate the
value of f(3) from the following table of values
of x and f(x) :

X 0 1 2 4 5 6

fx) | 1 |14 | 15| 5 6 | 19

15

Find the value of y(1-2) using Runge-Kutta fourth
order method with step size h = 0-2 from the initial

value problem :
y = Xy
y(l) = 2. 15

A perfectly rough sphere of mass m and radius b,
rests on the lowest point of a fixed spherical cavity
of radius a. To the highest point of the movable

sphere is attached a particle of mass m' and the

16 (Contd.)

L L L]




(F) & X A IRPS gTAg x, I x, ¥ TE FW

8T, f(x) =0 & TH Hd AH H4 & forg, e
Rafa (Ter-wredl) fafer & forg, o Temien &0
fam #ifve, e a=T (f(x) = 9159 (f(x))) |
AR n ser gAuahmat &1 sfsas ga 3
eps FrafiRa e | 30

(@) U FTAIH WHAT F FIA FW 8L, x A

()

f(x) & A 1 f=fafea aroft &, f3) & 7=
FT U HIeT

X 0 1 2 4 5 6

fx)| 1 |14 ]| 15| 5 6| 19

I5
Iy A= gwar -
y' =Xy
y(l)=2
¥ 91 IFHR h=02F G T-shel gqepiie @
FEHATT FHX BT, y(1-2) 1 HIF ARH W 15

(F) TEOHE m 3T BT b FH1 UH guia: gREa M,

Prear a® uE Fga Mo ®iex & Fean &g
o= femr gam 21 el Mes & I==aq fig o
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system is disturbed. Show that the oscillations are
the same as those of a simple pendulum of length

7
4m'+—m
(a—b) - - 30

m+m'[2—3)
b

(b) An infinite mass of fluid is acted on by a force

rtl,z per unit mass directed to the origin. If initially

the fluid is at rest and there is a cavity in the form
of the sphere r = C in it, show that the cavity will

2
be filled up after an interval of time [—J 2 0

18
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SHT m' FT TH F JST g3 2 | aA H fBemwn
ST 8 | g f Qe @@ 8, S o9

4m’+zm
(a —b) 5 % HIA Al & g3
m+m'(2—aj
b
FA B | 30

(@) < 37 T uifEa gsfa gz, gfa zohrs gefa, s

Sy o g 2, R Rem sqm @ s 2
gfe Iy ¥ g [{umEsn 7 8 ik 399 Moe
r=C%® ®9 ¥ U&F HicT 8, ar gonse F a7y

' 5
[S—ZMT-CZ P FAUA B TG HIET I ST |

30
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Note : English version of the Instructions is printed on the
front cover of this question paper
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