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of this guestion paper,
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All guestions carry equal marks:

Lise of non-programmable scientific calculator is
il lowed.

SECTION - 1

Attempr any four guestions feom Sdetion !

Sketch the graph of the function fix] = x* — 4" = 10
by Oinding mtervals where it increases and decreases,
relative extrema, concavity and inflection points (if

any J.

P.T.0
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2. Evalumte the following limit

I
lim {e* —I]u" T
-l

3. Determine all the vertical and horizontal asymptotes
Lo the eurve

4. A manufacturer estimates that when x units of a
particular commodity are produced cach month, the
total cost (in dollars) will be

1
Cix) = ér’ + 4%+ 200

and all umits can be sold at a price of p(x) = 49—«
dollars per unit. Determing the price that carrespond
to the maximum profit.

5. Hy =egmih Show that

=Ny~ 2n + Ly — (0f + ol =0,

SECTION - 11
Attempt any three guestions from Section — [

6. Sketch the graph of the corve r = 2 cog 38 in polar
coordinates,

4168 3

7. Find an equation for a hyperbola that satisfies the
condition that the curve has vertices (0, 3} and fogi
(0, £3),

#,  Describe the graph of the equation :
9xl + 4y — 1Bx+ My +9 = 0.

9. ldentify and sketch the curve:

By byt -2 =

SECTHON — 111
Attempt any four gquestions from Séction — [

10 Find the arc length of the parametric curve:
=Ty = (L +1P for 0 =15,

1. Find the ares of the surfuce generated by revolving
the curve 'y = Jlg_x2 . -2 < x < 2 about the x-axis,
12, The region bounded by the curves'y = Jfx., x = 4,

x=9% and ¥y = {1 i3 revolved abour the line x = 0.
Compute the velume of the resulting solid.

13. Find the length of the ¢atenary v = 14 msh(rxﬁ)

from ¥ = -10 to. 2 = 10.

i4.  Evalute Iuin*i cos’y dx. ¢

BT
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16.

iT

I8,

19,
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SECTION - IV
Attempt any four quegtions from Seetion — IV

= 1 1 i = =
Find Hm[ﬁi +ﬂ—“-{—t-—zlj+ e"k].

=] o |

R = in(t 17 + {ran" 1}3 + [-Jtiﬂ}i is the

position of 4 particle 1n Space a1 time 1, Find the angle
berween the velocity and aeceleration ¥ECIOES at nme
=1

Determine all vatues of t for which the vectar function

Ei1) = (e* sin 3] + (1F cos 31} is continuous,

A golf ball is hit from the ice to a green with an
imittal speed of 123 ft's at an angle of glevation of
45% How long will it rake for the ball to hit the green?

A shell is fired from ground level with muzzle speed
of 750 t/s at on angle of 257, AR enemy gun 20,008
i away fires n shot 2 scconds later and the shelis
collide 50 fv above the ground at the same speed.
What is the muzzie speed and angle of elevation of
the second gun?

(1000}
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1. Write your Roll No. on the top immediniely on receipt
of this guestion paper.

2. Attempt any three pars from each question.

1. All questions carry equal marks.
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(d) Check the following series for absolute or

conditional convergence -

| | _r1____ II
t E{ ” {n{n+3)j

(i) zi—”"lli : ]

m+ |

{S00)
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i) #(x) = tanx in {07,

0 ) = 10% - €38 0101

..--..E.,mm&m m




i) '%[%]

5. (a) Determine the Intervals of co wints o
inflections of the curve y = x* — 4x! — 18x + 1.
Show that the points of inflection of the

Y= = ﬁqﬁ%mwmh = 10.
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7. All questions are compulsory and carry equal marks.

3. Attempt any two parts from cach guestion.

{, {a) (i) Find @ cubic equation with rational
coefficients having e rools

++2 , stating the result used.

L
21

==

{iiy Find an upper limit to the roois af
i e cpd — 753 = A T | = O (4+3.5)

p.T.O.
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{h) Find all the integral roots of
ke e B B R (7.5)
{c) Find all the rational roots of

4_ﬂ},1+ﬂ},1

—dly+9=0, 1.5
3 3 ¥ (7.5}
2. (a) Express arg () and arg (—%) in terms of arglz).

Find the peometric image for the complex number

. such that nrg{—Z}E[%,g]. (2+243.3)

(b} Find |2|, arp 2, Arg &, arg Z, argi-z) for
% = (1 =16+ &i) (3

[e) Find the cube roots of 'z = 1 +1 and represent
them geometrically 1o show that they lie on a circle
of radius (2)"%, (7.3)

3. (&) Solve y' - 15y — 126 = 0 using Cardan’s method.
(7.3)

(b1 Let n be o natural number. Given n consecutive
integers, &, a+ 1, a+2, .., a+(n-1) show that

one of them is divisible by n. (7.5)

{e) Let a and b be two integers such that gedia; b) = g
Show that there exists integers m and n such that
g=ma+ mh. {7.5)

153 )

4. (a) Let a be an integer such that ais not divisible by
7. Show that a = 5% (mod 7} for some integer
k. (7.5)

(h) Let a and b be two integers such that 3 divides
{a® + b"). Show that 3 divides a and b both.

(15
() Solve the following pair of congruences, if possible.
If no salution exists, explain why? (7.5

&+ Sy = 3% (mod 9
4x + Sy = | {mod 9]

8. {a) Consider a square with four corners. labelled as
follows -

PoowW
G B

Deseribe the following motions graphically;
(i) R, = Rotation of 0 depree.
{ii} R, = Rotation of 90 degrees counterelockwise.

(i) Ryyy = Rotation of 180 degrees
counterclockwise,

(iv) Bipy = Rotation of 270 degrees

counterclockwise.
(¥} H = Flip aboul horizontal nuii.
P.T.0.
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(vi) V = Flip about vertical axis,
vii) D= Flip about the main diapomal.
(viii) D1 = Flip about the other diagonal,

ldentify the motion that can act ax identity under
the composition of lwo mations, Further, find out
the inverse of cach motion, (3.5+1+3)

(B} Show that the set G = (Fyo £ £, £ 1500 group

under the composition of functions defined a1,
fop(x) = flg(x)} for f. g in G, where

Fx) = x, Bfx) = _x. Eix)= Lix, £,(x) = —1/x for
all non-zero real number x. {7.5)

(¢) Define the inverse of an element in a group G,

Show that (a.h)! = p-¢ gt for all a, b in G. Further
show that i (ab) ! =g 1! far all & b in G, then
G 15 Abelian. (4+3.5)

6. {a) Defing Z(G). the center of a group G. Show tha

LiG) is o subgroup of G, (2+5.5)

{b) Define arder of an element a in group G. Further

show that if order of 3 150, and 4™ = e, whepe m
is an integer, then n divides m, (2+5.5)

(e} Find the generators of the oyclic group £, Further

describe all 1he subgroups of 2o and find the
gentritors of the subgroup of arder 15 in A
(2+3.542)

(500)
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varigble X be defined as




5. (w) IF T5% of all purchuses in o stare
mﬂemmam&mmmw._ ariab
randomly ﬂ‘lmﬂi

K - pumher among. a1en
pmlmm made with & credit card is 2

variate, then determine
{n E(X)
(i) VIX)
(i) oy

(iv) The ptub-uhﬂi'r.} that X is within 14
deviation of its mean. \r!.'llw

denote the amount of time a book on W
1y ET'IHH out, and sup
funetion is

(b) Let X
hour reserve is ackud
the cmnumwe density
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{b) An experiment was performed 1o investigare how
the behavior of mozzarella cheese varied with
temperature. The following observations on % =
Temperature and ¥ = glongation(%) at feilure of
the cheese,

e
11{ L L3 LL] ur | 4 i B
¥ Li8 | 183 |EFF.|' i ] 1197 155 12

{i) Determine the eguation of the estimuted

regression line using the principie of least
SQUATE,

(i) Estimatc the elongation al failure of the
cheese when the temperature 18 T,

(¢) The inside diameter of 2 randomly selected pision
ring is a random varable with mean value of 12 om

st standard deviation 0.04 em. 1f X is the sample
mean digmeter for a random gample of n = 16
rings,
(i} where is the sampling distribution of X
centered,

(i) what is the standard devistion of the X

distribution,

{iii) How likely is it that the sample mean
diameter exceeds 12,017

(500)
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(b) An experiment was performed 1o investigare how
the behavior of mozzarella cheese varied with
wemperature. The following ohservations On % =
Temperature and ¥ = glongation(%) at feilure of
the cheese,

1:{ Eid | B3 LL] [72 [ 4 i L3)

LR | LA2 |EFF.|' | T8 1197 155 132

{i) Determine the eguation of the estimated
regression line using the principie of least
SQUATE,

(i) Estimatc the elongation al failure of the
cheese when the temperature 18 T,

(¢) The inside diameter of 2 randomly selected pision
ring is a random varable with mean value of 12 om

st standard deviation 0.04 em. 1f X is the sample
mean digmeter for a random gample of n = 16

rings,
(i} where is the sampling distribution of X
centered,
(i) what is the standard devistion of the X
disiribution,

{ili) How likely is it that the sample mean

diameter exceeds | 2017

(500)
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{b) If ¥y = tan ' x, prove that

(L 2B + 2n+ Dxgey, + nln k1, =0
Pty
{c)h State Eulec's theorem and if £=sec T show
¥

a2 O
thit x—+y—=2cotr.
i ?

2. (u) Let fix) = |x— 35|, show thai f 15 continuous but
not dilferentiable at x = 5.

{b) Find n" derivative of

, !
W i sae
{u) s=in 3x #in-2x

(e) If u=x"tan 'i—}rr tan ': prove that

i K 1 -y

Tl L

3. {a) State Rolle's theorem, Show that there 15 no real
no. k for which the equation 5% — 3x + k = 0 has
two distinet roots in [0,1].

1768 3

(b} Verify Lagrange's Mean Value Theorem for the
following functions <

(i) fix)=vx"-4, xe[24]
. [..1
(i) f(x) = ax~1Mx—2), inD'E

(c) Determine the values of a and b for which.

. X[l+ncosx)-bsinx
i!m# exists and equals 1.
nall %

4. (a) State Maclaurin™s theorem. Also, find the

Mauclaurin’s series for
fix) = Tog (1 +x), xe(=1,1]

(b} State Cauchy's mean value theorem. Verify it for
the following functions :

(i} fx) = =%, gz} = x in' [-1,11,
1 o o1,
(i) fix) = = gix) = 5 it [2.3].

(e} Use Lagrange’s Mean Value theorem to prove
that

X

I+x

T < e =y x>0, €

P.T.0.
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3

(a) Find all the asymptotes of the curve
S SR T B P S, T ¥+ 1 =0,
{b) Trace the curve

xat—xt) = a¥yl, a0,

{e) IT u,,:L’nin"A dx , show that u, = u, s

Hence evaluate u.

()} Prove that the curve
{2+ yP(b* =93 = x az0, b=0

has at x=0, ¥y = —a, a node if b>a, a cusp if
b=a and a conjugate point if b <a,

(b} Trace the curve

A(x—3a) = Gay?, g>0.

{c) Determine the intervals of concavilty and points of
imflexion of the curve

y = 3x* — 40} + 3% - 20,

(2000}



[Lhis question paper contains 4 printed pages.]

vour Roll N

gr. No. of Question Paper : 4801 G
Unigue Paper Code - 42354302
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Lad

Write your Roll Mo. on the top immediately on receipt
af this guestion papet.

This guestion paper has si¥ questions in all.
Attempt any two parts from each guestion

All guestions are gompulsory.
Unit 1

2 1]
{a) Find the inverse of ll-‘-‘r 3|\ in GL{2, Z;), the group

of 2 % 2 non-singulaf matrices over Z. Verify the
answer by direct caleulation. (4]

P.T.0.
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{b) Deseribe the group of symmetrics of a square and
draw its Cayley's tahle. {6}

(e} Find the arders of each of the ¢lements of U{14).
Show that it is eyelic and Gnd all its generators.
(i3]

1. {a) Let G be-a group and let 8 & G, Prove that
() ={a). ()
(b} State and prove Lagrange's Theorem. 6]

() If G isa gronp such that x* = e for all elements
% of G where e [s the identity element of G then
prove that G is an abelian group. (6}

3. {a) Prove that in a finite group, the order of cach
element of the group divides the order of the

group. (&)

(b} Define an alternating group, Find all the elements
of A, ()

(o) Let e = (1,5, 702.5.3)().6). Then find o'7. ()

4201 3

Linit 1T

4. [a) (i) Letabelongtoaring R, Let = |x e R:ax
=0}. Show that § is a subring of R.

(i) Prove or disprove 3Z o 5Z is & subring of
the ring Z of integers, (6.5)

{h) State the Subring Test and Show that the set
he: % x]

S=ix x xitxeR| is subring of the ring of all
L S

3% 3 matrices over real numbers, Also find the
unity of 5, (6.5)

(¢} Defline an ideal of o ring K. Prove that the
intersection of two ideals of & ring R is an ideal
of a ring R. What can you say about the union of
two ideals of a ring RY Justify, [6.5)

LUnit 111

5. {a) Prove that-a non - empty subset W of n vector
space V(F) is a subspace of V if and only if
ax+ Py e Wlhralle, B e Fandx, v = W.

(6.5}
-

P.T.O.
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4801
{b)
(c)

6. (a)
ib)
(e)

Let la, b, ¢} be a basis for the Vector Space
Prove that the set {ath, brc,c+al, {a. ath, a+b*g]
are also bases of RY 6.3)

Define Linear Transformation, Check whether the
mapping T: R? == R? defined by T(x, ¥} = (1 +%.¥)
is a Limear Transformation. 6.3

Suppose that T: R® -> R? is a Linear
Teangformation. I T (1,0) = (1,4} and T (1.1} =
(2.5) Find Ti2.3). 1% T pne-to-one? (6.5]

Let T: ¥ —= U be a Lincar Transformation, Then
prove that T is one-to-ome if and only il the null
space N(T) = {0]. [f.3)

Let T: R? == R’ be 4 Linear Transformation
defined by T (x.¥) = (%, x+¥, ¥). Find the Range,
Rank, Kernal and Nullity of T. (6.5)

(1000}
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. (0 Givn tht x, ¢ and x o ) soluions of the

b
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4. () Find the general solution of the differential

the general solution af the differential equation ;

Heyemn. g



BT i s ——
xo : 5'1'-!! let.mf%-wl:hlh E- o
y=x* e
B (7%)

() Reduce the equation: y2u,, + 3yu_ + 3u, = g,
o0 o the g o (7
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Instruciions for Lan dal

Fa

Write your Roll Mo, on the top immediately on receipl
of this question papecr-

Attempt all question by selecting two parts from each
guestion.

All guestions carry equal marks.

iTse of Calculator not allowed.

{a) Determine the values of p for which the function
g defined by gix) = xP is a solution of the
differential equation

P
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dl
3 d::ﬂ d“' {7.5)
(h) Solve the equation
(322 + dxyddx + (2x* + 2 y)y = 0, {7.5)
tc} Salve the differential oquation
25 + Ddr + (1 s = 0 (7.5)
{a} Solve the differential equation
L B (7.5)
& ET
(b} Solvi the differentinl equation
(3xy + dy? + Dydx + (x2 + 2 xydldy = 0,
by first finding an inlegrating factor, (7.5)

{e) Determine the value of K such that the parabolas
¥ = &2 + K are the orthagonal trajectories af the
family of ellipses x% + 2y? - y = o (1.5

{a) Find the solution of the differential equation

4—n-+4ﬂ-+’l?y=ﬂ ¥l =2, y{i)=-4. (7.5

53 3

(b) Find the general solution of the differential equation
yu = S}rr + 6}' = 4325.
using method of undetermined coefMicients.

(7.5)

(¢} Use the method of variation of parameters 1o find
the general solution of the differential equation

&
Ex—y+:r'=‘1€\'.‘ X (7.5)

(1) Find the general solution of the differential equation

x’j—i—zxﬁa-ly-x (7.5)

(b} Solve the lingar sysiem

ix gl . dx  dy
et - Dy min g, oty o) 7.5
& d o 2
(e} Show that x = 2e? v = _3pM i« = ey =l
arc (wo lingarly independent solutions: on every
interval 021 < b of the homopgencous linear Syslom

dy dy
—=5x+2y, Talx+d
it % dt ¥
Write the genernl solution. (7.5)

P.T.0.
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5. (a) Apply Ju = v and vix, y) = fx) + gly) to solve
Sl yag =4 (7.5)

b} Find the solution of the initial-value Systems
A S N A =0,

with wi=, 0) = x and v, 0y = &% (7.5}

{¢) Determine the gencral solution of

du,, * S * 0, T 0y oty = p (7.5}

6. (1) Given that the parabalic equation
u,. = au, + bu, +cu * 1

where the coelficients are constants, by the

substitution g=ve " and for the case ¢ = ~bA4),
show that the given gquation 15 reduced 1o the
heat equation

= s
1"“ 4w, B

where &= CE™ (7.3)

{b} Find the solution of the Cauchy problem

nut—j'uy+y1u=y3. {7.5)

{c) Apply v= in u and then vix. ¥} = fix) + giy) 10 solve
xiul + yiul = (x¥ u)E (7.5)

(1000)
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. (a) Solve the following differential cquations :

cax + 3y + Ddx + (xFy 1y = 0, yi3=-4.

(6.5}
(b} Solve the Initial Yalue problem
3
S =L, y(i)=! (6.5)
dx X
ki e
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{e) Find the orthogorial trajectaries of the family of

ellipse having centre ai the origin , a focus at the
paint (c,0) and semimajor axis of length 2c.
(5.5)

2. (a) [ Find the Wronskian of the set (1%, 1+ X,

1-3x! und hence find their linear
independence or dependence on (~mm). (&)

(it} Solve the differential equalion ;
dy  Z#ye™
dx 2y ge®

(b} Given that v =% s a solution of the differential
equation

2
SR ST D
{x X I}d.x’ {x +de" +{¥% 4 )y =10,
find u linearly independent solution by reducing
the order. Write the general solution also, (&)

(<) Solve the following differential eijlations -
(i) xj—:~3y=zx‘, ¥(2)=4
(i) A2xy? + yidx + (23~ xydy = 0, (6

3. {a) Solve the Initial valie Problem

dx'
|:|:t_l|.I
]{:

dJ}' dgj' lfr :Ir
— Y ——10—==1. =7, k| ={),
T-10t=00 ym=7 l0)=0

(0y="70, (6.5

13924 3

(b Find the gencral solution of the differential equation
using method of Undetermined Coeffizients

diy gy '

—_— s = 3

i g +13y = Bsin (3x] 6.5}
(e} Find the general solution of the di Terential equation

using method of Variation of Paramelers

2

-d—3:+y=msec{.x]. {6.5)
dx”

4. (a) Given that sin x i5 o solution pf the differential

equilion
i 3 2 3
d—f +Ed—-!:~'+¢(—rn%+3g +5y=0
dx dx dx .
find the geaeral solution, (6

{b) Find the general solution of the differentinl equation
by assuming x > {),

1 b
ady oadiy dy
K-8 —_fy=0 B

dx? de? dx (¢}

(c) Find the general solution of the given linear syslem

dx | dy o dmoody '
b=y _yep v k=t Ixsyeel
di i ! di - di J& (6}

BT,
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5.

(u} Find the solution of the lingar partial differential
equation
fy - whu, (0= o, = X—Y with Cauwchy dati
g=10 oo xy =1, 16}

fiv) Find the solution of the following partial differential
equation by the method of separation of variables

g U= Uy, ulE0)= dexpl—3y). {6)

(¢} Reduce the equation 10 canonical form und abtamn
the eencral solution

y, IR Y, < % (&)

(a} Find the aenarnl solution of the linear partial
differentinl equation

yE U = 3% My T xy(x* + yiym =0 (6.5}

(b) Reduce the equation

1

i By = c=0 where ¢ 18 p constant,

c
into cancnical form and hence find the seneral
solulion. (6.5}

{¢) Reduce the following partial differential equation
with constant epeflicients.

Ju,, T 11 a,, * A L]

into canonical form and hence find the general
solution (6.5)

{1000)
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{b) Draw the contact maﬁimﬁﬂ "
symbolic representation of the ireuit givea by

P ey & XA

ﬂ"mﬂ“mﬁm only interested
whether the points are less than 3 or
greater than or equal to 3.
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Duration @ 3 Houwrs Maximum Marks : 90

Imstruciions fur Candidates

| Write vour Roll No. on the top immedistcly on receipt
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Avtempt all questions by selecting two parts from each

Question.
3. Part of the guestions to be attempted together.
4. All questions carry cquil murks
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Instructions for Candidates

1.  Write vour Rall No. on the top immediately on receipt
ol this question papeér

2. All questions are compulsory,

3, Allempt any twe parts from each question from Q2

o O,

4. In the question paper, given nolations have their usual

meaning unless until stated otherwise.
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() Prove that the subgroup of a cyslic group is cyclic.
Find the smallest subgroup of (Z, 1) containing §

und 14, (2x6.5=13)

e order of a permutation of & finite
et writen i disjoint cycle form is the lews
| comimon "ﬁlﬁiﬁpld'ﬁf_tbﬁ'lm of the ﬁﬂllﬂm

(%

) () Show that S, has an clement of order 12.

Find one such element,



. [(3+3.5=6.5)
) =ﬂ—: " 3 [ = * e
(i) Prove that  (G), the centre of & group G. is
alvays o normal subgroup of G.

(i) Let G = Z. the group of integers under

REaEr

group Z(207 of Z. Is this factor group cyclic?

ation in support of your answer.

(3+3.5-6.5)
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(¢} Seppose that & is a homorphism from U330} 10
U(30) and that Kerg= (111}, If §(7) = 7, find
all the elements of UL30) that are” mapped (o 7.

State and prove the result used.
(2%6.5=13)
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Sr. No. of Question Paper : 4274 G
Unigue Paper Code ;32353301

Name of the Paper . QEC: LaTeX and HTML
Wame of the Course . B.Sc. (H) Mathematics
Semesler R

Duration : 2 Hours Maximum Marks : 38

nsiructio for Candidi

I, Write your Roll No. on the top immediately on receipl
of this guestion paper.

d

All guestions are compulsory.

1. Fill in the blanks: [4x15=2)

(iy The symbol = can be produced in LaTeX using

the command —— — -

(11 The
direction given by the vector {1

produces a line of Tength 40 in the

P.T.0.
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(i)

v

2

{

fifh

(i}

i)

(¥]

Attempt any eight parts

2

g 15 used for separating a line of e
in the HTML.

The first command afier the preamble

generiates the title puge in beamer.

{EHZ-IJ

Correct the following input as per LaTe

commands and write its output 158 Theta=n\mi

then $§ sin nipi=0%8 for ol $5a=0,1.2,3 \ldatss

Write the input command in LaTeX to produ
the following :

8y Oy iy By
A= [ﬂz: dy dp| & B= h]
Gz @3 an

Write the LaTeX commands {o draw n reclanglé

using the picture environment,

Write the command to include the figure

“myfig.eps” in a LaTeX document.

Give the LaTeX command 1o draw u sector of

B circle.

i @274

(i)

{wii)

(vin)

(ix}

3

Write the following posifix expressions in

standard form !

e exp 1 x!expdivz!expaddmuj

Write the HTML code 1o put an image and

hyperlink with an example.

What does the <title=_.. <ftitle> section of o Web
page Gontain® Where does the resulting text

appear’

Correet the following input of beamer commands
and wrile output

\documentclass | Beamer|

witle | My Topicl

wuthor | XY 2]

Yinstitute {University of Delhi}

\begin | Frame]

“itlepage

wend {Frome |

P.T.0.
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Instructions for idates

1. Write your Roll No. on the top immediately on reccipt
of this guestion paper.

2. Al sections are compulsory-
1. Attempt any Five guestions from each section.

4 All questions carry equal marks.

Section |

| Find the following lmits

i T T
(i) :“-‘-'II‘—":"-'-“'JE' y*)

i 1 rl
(if) t.,},‘]ﬂd.,u,”ﬂ (x*+¥*)

P.T.O.
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Find an equation for each horizontal tangent-plane to
the surfnce

=5 —x2 -yl 4 4y

; i i
The output at & certain factory is Q=150K" L' where

K i the capital investment in units of $1000, and L
is the size of Labor force measured in worker-hours,
The current capitil investment is $300,000 and 150
worker hours of Labor are used. Estimate the change
in outpul that results when capital invesiment s
incressed by $500 and Labor is decrcased by 4
worker-hours.

Let w = f{t) be a differentiable funetion of t where
1={x?# y*+2")"% Show that

{dwidty = (owiox) + (dw/dy) + (Aw/de),

Let fix,y,%) = xye and let 4§ be a wnit vector

perpendicular to both v=i-2j+3k and & =2i+j—k.
Find the directional derivative of at Py(l,—1, 2} in

the direction of 0.

Find the absolute extrema of the function f{x. ¥) =
e gver the disk x* + ¥ £ 1.

14518 3

Section 11

: X dA ]
Evaluaie the double integral J]Dﬂ—i where [ is
}l'-' -+

trinngle bounded by x=2y, y=-x and y=2.

G =
Evaluate .Er j" il y.,'ll{ X+ !F} dy dx by converting (o
polar coordinates.

Find the volume of tetrabedron T bounded by plane
2y + y + 3z = 6 and co-ordinate planes.

Use spherical co-ordinates to verify that valume of &

&
half sphere of radius R is En R

Uise evlindrical co-ordinates to compute the integral

ﬂ]‘na{;? +y“]‘4’ dxdydz where D is the solid
bounded- above by the plane z=2 and below by the
surface 2¢ = &% + y&

Use a suitable change of variables Lo compute the
—y
Xy
triangular region bounded by line x + y = | and co-

2
douhle integral Hn[ ] dy dx | where D I8 the

ordinate axes. p

P.T:0.
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B

section 11

Find the mMBEs of a wire in the shape of curve
C;x=3$in1.:r'=3cmi foE llfurﬂét-zmund
density at poinl (% ¥ 2} on the curve is SN, ¥. 1 =%

Find the work done by lorce I_T;:ti+r]+':ﬂ=—}'1ll"_=
on an object moving along the curve L given by

R(1) = 15 L jratk .
Use Green's theprem to find the work done by the

force field Flay)= yi+xtj when an ohject moves

ance counterclockwise around the circular path

g+ yt =1,

Siate pnd prove Green's Theorem.

Evaluate §[13y:2d1ﬂ 25 yz dy 4 l:\t:}'i —Ez\lldx.':.

where C is the curve given by x = €08 .y =snt
g=gin t, 0515 2T raversed in the direction of

increasing L

Use divergence theorem 1o evaluate Hb EN ds where

F [;.c-" +iomye i+ Lyf:" ci0y’s h-.— |2 *—!ﬂz'_-'lf'jl:t
and § is closed hemisphere surface -..-:=.~.'j-;3_:,.-7

rogether with the disk xi+yr=1 m ¥ plane.

{1000)



[ his question paper contains 4 printed pages.]

Your Roll Nowoecens

Sr. No. of Question Paper : 4350 G

Unique Paper Code . 32351301

Name of the Paper . Theory of Real Functions

siame of the Course . B.Se. (H) Mathematics
{LOCF)

Semester 1 i

Duration : 3 Hours Maximum Marks : 73

girnciions r Can it

|, Write your Rall Ne. on the top immediately on receipt
of this question paper.

2. Auempt any two paris from each question,

3.  All questions are compulsory.

1. (a)LetAcRandcs % be a cluster point of A and
{1 A — &, then define limit of function f at ¢, Use

& — 5 definition to show that lim ==1. (8]

a2l —X

kS if % is mtional

{h}me_h't‘.—r!Ebcdv:fmedasf.[;]:.lﬂ AL T G
% is Irrtio

P.T.0.
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Show that [ has a limit o % =) Use sequential
eriterion to show that fdoes not bave a limit at ¢
ifen), i)

(e} Show that lim m‘[_l'] does not exist in B but
-l X

lim s’:o;[—'fjﬂ. (6)
x5l X

2. (a) Let Acl let fo A= B and £ A-+R and
ce R bea cluster point of A Show that if

Hmf(x)=L and limg(x)=M then :ﬂfrﬂ[x]:m_
i)

(b} Bvaluate the Hmit fim . [t
Eestl X — |
(el let AcR, F A SR and ¢ € B, Show thar the
following conditions are cquivalen-

i} I is continuous ot €.

(it For every fequence (x ) in A that
ECRVErges 1o c, the sequence {fix )
converges to fle). (6)

3. (=) Let A, Bo W and fat f: A @ ind g =B R
be functions such that fiA) = B. if f is continuoys
Atba point ¢ & A and g is contintous al b = B,

43350 3

then show that the Lomposition function gof:

A= R is continuous €. Also, show that the
function fix) = cos(1 +x*) is continuous on R.

(73%)

(b} State and prove Maximum-Minimum Theorem for

continuous functions on a closed and bounded

Interval. (7%)

(¢} State Bolzano's Intermediate value theorem, Show
that every polynomial of odd degree with real
coeflicients has at least one: real root, {744

(a)Let AR and AR Show that if 1 is
continuous at ¢ & A then [l 15 continuous at ¢, Is
the converse true? Justify your answer, {a)

(b) Let | = [a,b] and =R, Show that iF [ is
contimuous on | then it is uniformly continpous on
1. (&)

(e} Show that fix) = sin x & uniformly continuous on

B and the function Bix) = sin(i—], £ # 05 not

uniformly continuaus o {0, @, 3]

{a)Let 1cR be an interval, fet ¢ e I, and let
=R and g: 1R be Functions that are
differentiable at ¢, Proye that the function fgis
differentiahle at ¢, and (fp)' = f{clgle) +
flcig'(e). (]

P.T.0
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{b) Let g¢ B — R be defined by

|1:u.i.1:||rlj for x«0
T el
] for x=0

Show that g is differentiable for all x € X,

Also, show that the derivative g' is nol continuous
at x = 0, (&)

{c} Suppose that I is conlinupus on a cloged interval
| = [a,b], and that [ has & derivative in the open
interval (a. b). Prove that there exists ut least one
point ¢ in (a, b) such that fb} — fla) = Flchb—a).

Suppose that £ [0, 2] — R is continuous on [9:2]
and differentiable on (0,2) and that f{0) = 0.
f{2y = 1. Show that there exists ¢, « (0,2) such
fite, )= 112 (6}

&. {(u) Find the points of relative exirema of the function
fix) =1 (%= % for 02xal i6)

(b} Let [ be an open interval and let £ [ — R has a
second derivative on I. Then show that 1 15 &
convex function on I if and onfy if () = 0 for
all x L. L6}

(e} Obtain Taylor's series expansion for the function
fix) =siny, Ya s K (&

(1000)
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direction).

5. Use of non-programmable Scientific Calculator
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2. T.0,
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(b) Find the gencral solu
differential equation

tion of the lingar partial

(y + Zx)p = (ya + x)g =% = ¥ (6.5)

f¢) Find the integral surface of the partial differential

gquation
ﬂ=+ﬂrwﬂ;—ﬂq=ﬁ+yhyﬂsz=u
(6.5)

6. {(a) Find the complete integral of the gquation

(p + qipx + a¥) = i (a1

Reduce the following partial differential equation

b}
into canonical form

&z a2z & &
a r 4 __.___!Ir___-n {ﬁ-"

¢} Solve

ptanx + gany = tan (6)

(3000}
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nstructions_for date

. Write your Roll No, on the top immediately on receipt
ol this guesiion paper.

[ 35]

All the given eight questions are compulsory 1o
attempt.

1. Do any tweo parts from cach of the given eight
questions

4. Marks for cach part are indicated on the right in
brackets.

o
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SECTION |

I. {a}Let P= (s b, ¢, d e fiu vl Draw the Hasse
diagram for the partislly ordered set (P2 <), where
the relations are given by:
v=n, vsh veo ved, vee, vel, W=,
g, n=d a<en=<fa<n
peebh<=d b=seb<lb=uy
ged, e <ec=fc=m
d=gd=<fd=u
e<u, [=<u {2%4)

(b} Give an example of a partiglly ordered set (P} =)
which is neither & chain nor an anti chuin. Justily
with suitable arguments a5 to why this partially
orderod st (P;<) is not a chain and nol #n
atitichain. (24}

{c) Consider the diagram below of the ordered subset
P= {123 4,567 of (Ng £), where (N =)
is the ordered set of non-negative integers ordered
by relation £ on N, as: For m, n & Nyom = n if
m divides n, that is; if there exists k € Ny n=lem.

L] &

is5%6 3

For the following subsets of P, find the following
meetjoin a5 indicated. Either specify the meet/
join if it exists or indicate why it fails 1o exis.

{i} meet and join of subset {2,3.5]
(i1} meet and join of subset {236}
(ini) join of P (2%

2. {a) Show that an order isomorphism for iwe ordercd
sets Poond © is w bijection, but the converse is nol
true. (3]

(b) Let P and @ be ordered sets. Prove that:
(Ageb) —= {85,b5) 0 P=QUiHF (4, =2, and b —=
by} or (8, —=< &, and b, =b,) (3

{c} Let P, © and R be ordersd sets and let g: P —+ 0
and w! Q = R be order preserving maps. Then
show that the composile map: wop! P — R given

by:
{wog)(x) = qi{{qp{u'}j for x & P, is also an order
preserving map. 3)

SECTION 11

1. (&) Let (L.=) be & lsttice with respect to the order
relation £ For the operations » and defined on

L as:
L

P




o




lem) is a Baolean Algebra.
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] Ca

£] | £1 Ca

€5 B s G

(e} (i) Define a Hamiltonian graph. Is the groph
given below Hamiltonian? Explain

E

(i} Show how a Gray Code of length 2 can be

constructed using a Hamiltonian evele.

L3

(1000)
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YVour Holl Moo e

Sr. No. of Question Paper : 4386 G
Unique Paper Code 32351502

Name of the Paper Group Theory — 11

Mame of the Course . B.S¢. (H) Mathematics
Semester P Y

Duration : 3 Hours Maximum Marks = 75

nstructions for C didates

1. ‘'Write your Roll No. on the 1op immediately on receipt
of this question paper.

(]

All gquestions are compulsory.

3.  Question No. 1 has heen divided into 10 parts and
each part is of 1.3 marks.

4 Each question from Q. Wos. 2 1o 6 has 3 paris and
gach part is of 6 marks. Aftempl any two parts from
each question.

1.  State true (T) or false (F) Justify your answer in
brief.

(iy Let G be a Minite_group of order 147 then 11 has
a subgroup of order 49.

{i{i} There is a simple group pf arder 102,

P.T:O.
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{ili) Dihedral Group Dy, (having 24 elements} iy
isomorphic to the symmetric group S

livk The action za = « + a of the additive group of
integers Z on itzelf is faithiul,

{¥) The external direct product GEH is cyelic if
and only if groups G and H are eyclic.
(vi) Trivial action is always faithful.
{vii} The greup of order 27 is abelian.
{viii}  The external direct product £, @ Z, 18 cyelic.
lix) Every Sylow p-subgroup of u finite group has
order some power ol p.

(x) A p-group is a group with property that it has
alleast one element of order p.

1. (&) Prove that for every positive integer n,
Aut(Z) = Utn),

(b) Define Automorphism Aul(G) of o group G and
Inner Automarphism Inn(G) of the group G induced
by an element ‘a* of G, Prove that Aut(Z,} is
isomorphic to U{5), where UL5) = 1,2, 3,4} is
group under the multiplication module 5.

(c) Define characteristic subgroup of G. Prove that
every subgroup of neyelic group is characteristic.

4386 3

3} {a) Prove that the order of an element of a direct
praduct of finite number of linite groups is the
least common multiple af the ordors of the
componems in the elements. Find the largest
possible order of an element in Z, @7,

(b} Provie that if a group G is the infernal direct product
of finite number of subgroups H,, H..... H_ then
i 18 isomorphic to H SH,®H, .. @H_.

(e} Let G is an abelian group of order 120 'and G hos
exactly three elements of order 2. Determine the
isomorphizm class of G,

4. (u) Show that the additive group R acts on %,y plane
R*R by ri(xx)=(xtry,y].

(b) Let G be o group scting on & son-empty set A.
Define

(1) kernel of group actian
(i) Stabilizer of o in G, for n & A

(i) Prove that kernel is o narmal subgroup of
G,

{¢) Define the permutation representation assaciated
with action: of o group on o set. Prove that the
kernel of an action of group G on & set A is the
same as the kernel of the corresponding
permulation representation of the action. ©

P.T.C.
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{a) Let G be & group acting on a nop-empty set A, If
a.b & A and b = g+ a for some g € G. Prove
that G, = g G, g~ where G, is stabilizer of a in G,
Deduce that if G acts transitively on A then kemnel
of action 18 M, EG, 8.

(b} Define the action of & group G on itself by
conjugation, Prove it is a group action. Alse find
the kernel of this action,

(e} 1f G is o group of order pg, where p and g are
primes. p < g, and p does not divide g-1. then
prove that G is cychic.

{a} State the Class Equation for a finite group G- Find
all the conjugacy classes for quaternion group Q,
and also, compute their sizes. Hence or otherwise,
verify the class equation for Q,.

(b} Use Sylow theorems to determimne if & group af
arder 105 is not simple.

(¢} State and prove Embedding theorem and use 1t 1o
prove thet & group of order 112 is not simple.

(3200)



['t.'ur-:. gquestion paper contains 4 printed pages. |

Your Roll No....ccoeeiarir

Sr. No. of Question Paper : 4470 G
Unique Paper Code 7
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Modelling and Graph Theory
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Insiroetions for Candidates

P

Write vour Rall Mo, on the top immediately on receipt
of this question paper.

All questions are compulsory,

Attemptl any three parts from each guestion.

{ad (i) Petermine whether x = 0 is an ordinary point,
o regolar singular poant or an irregular singular
point of the differential equation

x*y™ 4+ (6 sin xpy"-+ 6y = 0.

(i} Find the Laplace transform of the function
fit) = sin3t cos3t

PT.0,
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(i} Find the inverse Laplace transform of the

function Fis)= 9“; - {6
L 5

(b} Use Laplace transforms to salve the initial value
problem :
X" 6"+ 255 = [k xf0) = 2, Xy=3 16)

te) Find two lincarly independent Frohberting SETICE
solutions of ()
Ay 2yl by =1

(d) Find general salutions in powers of % of the
differential equation. State the recorrence relation
and ibe guaranteed radius of convergence,

Sy" —2xy’ + 10§ =0 (&)

2. (a) Explain Lincar Congruence method for generating
random numbers. Does this method have any
drawback? Explain with the help af an example;

{6

{b) Use of Monte Carlo simulation 1o approximale the
area under the curve ¥ = cos x over the interval
-2 2 x £®/2, where D=cosx <. (a)

(¢) Using algebraic nnalysis, solve the fallowing:

Maximize : R tdy
sibject fo S+ 2y 10
x4+ 3y <
ST Sl R 16)

4470 3

{d} Consider o small harbor with unloading facilities
for ships, where only one ship can be unloaded at
any time. The unloading time required for a ship
depends oo the type and the amount of cirgo,
Below is given a situation with 5 ships:

Shipl  |Ship2 [Ship3 | Ship4 saips—|

Time between successive | 20 in 15 120 25
ships
Lol time i3 a3 &l 15 &)

Draw the timeline diagram depicting clenrly the
sitwation for cach ship. Also determine length of
longest queve and tofal time in which docking
facilities wre jdle, ]

3. (a) Find the solution to the four-cubes probiem [or

the following set of cubes, ()
[¥] 5] ¥ 7]
I 1 3 S Y 53 0 I 1 3 3 R o i v
Y] i 5] 8]
rube] cube ] tubed b d

tb) Define semi-Eulerian trail. Prove that a hipartite
griph with an odd number of vertices is not
Hamilionian. (%)

(e} Prove thut there is no Knight’s tour on o 7x7
Chesshoard, iy

1 A 3
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{dy State Handshaking lemma. Use it 1o prove that in
any graph, the number of vertices of odd degree

is even. (&)

4. (n) Usc the factorization :
gt 4 dat = (gt—2ast 2a8) {§2 4 2as+ 287

and apply inverse Laplace transform 1o show that :

[ s B ... h
1_l-| - . : =——ginh at s at {T)
Ls* +4a 2

(b) Using Simples method, solve the Tollowing linear
PTOErAmming problem :
Mazimirze 2= 3%, + 3x,
subject to _3x, - 5%, = <13

Sx, +2x; = [

Ay Xy & {. 12 8

(a) (i) State Ore's Theorem, 23
-k

(i} Show that L {t Cos(k)] = i"‘lﬂ‘zf : (5

(d) Define Cube graphs. Write the pumber of vertices
and number of edges in 3 cube graph Q. Draw
Q. Q, and Qs (M

(1000)
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cle is performing an S.H.M. of period T
centre O, and it passes hrough a position

: ap = bJWMIwiInMMW
Prave that the time which elapses before its

et (0 P i {w[i] @5







Limigsbers hridae

(b) For the graph wiven below, find (€1}, MG). aud
min,, des (¥h and determine which of the two
{negqualities in kiG) € MG) S min, ,des (¥) are
strict, Where, k are edge and ﬁﬂpﬂ

connectivity. (1.5)

(¢) How many paths of length four are there fram o
o ¢ in the graph G 1dentify all the paths.
(7.3

a b =

the union

{7.5)

PT.0.
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(u) Let (X, d) be 3@ metric spoce. Shaw that (X, d7) is

p metric space where
L P mingl: diy)). VA ¥ E x: (6
by (1) Let (%,d) be a meinc space. Let fx,) and
(& ) he segquences in X such that {x,)

converges o x snd {y, } CONVETEES to y. Prove
that dix . ¥,/ converges o dix, i) ()

P.T-O.
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{ii} Prove thar if a Cauchy sequence of peints m
a metric space (X, d) contams & canvergent
subsequence, then fhe sequénce converges
to the same limil as the subsequence,  (4)

(e} (i) Let X =N, the'sel of natural numbers. Define

o
dim, n) = |;-;

(X, d) i% an incomplete melric space, (4}

;om, ne X, Show that

(ii) 15 the metric space (X, d) of the set X of
rational numbers with wswal metric d a
complete metric space? Justify. (2}

2, (a) (i) Define an open 'sét in o metric space (X, d).
Show that every open ball in (X, d} isan
open sct. Is the converse trug? Justfy.

{41

(] Let 5{x, r] be an open ball in » metric space
(X,d). Let A be a subset of X such thst
diameter of A, diA) < rand Sz, rd Az 0,
Show that A = S{x, Zr), {2}

(b) Let {X,d) be & metric space and A and A, be

subsets of X. Prove that (A, UA,)=A,UA,. I
the closure of the union of an arbitrary family of
the subsets of X équal to the union of the closures
af the members of the family? Justify, (fr}

4332 3

{e} Prove that a subspace of a complete metrie space
is complete if and ooly (T it 15 closed. (6}

3. fa) Let (X, d) and (Y, d,) be two melric zpaces,
Show that a mapping £; X - Y is continwous if
and only if for cvery subset F of ¥, (T(F))® =
FYE", 16}

(b} () Let (X, d) be 2 metric space and A be @ non-
empty subsel o' X. Let fix) = dix. A) = inf
{dix, u), 1€ A}, x & X. Show that { is
uniformly continuous over X, (4}

Aif) 18 o continuows function dver a metric space
always uniformly conlinuous? Justily. {2}

(e} Let (X, d) be a metric space ond 2 X — R" he
i function defined by fix) = (£, (x), Lix) .. £(x)),
where f;: X = R, 1 £ k < nis a function. Show
that is continvous on X if and only if for each
k, [, is continuous on X. (6

4, {a) Define homeomorphism between two metric

spaces. Show that the image of n complete metric
space under homecomorphism need not be
completc, (.31

(b) Let i, und d, be twoa metrics on a non-emply set
X. Show that d, and o, are eguivalent if and only
if the adentity mapping 1= (X, d) = (X, dy) s a
homeomorphism, {[ﬁ.ﬁ'l

P.T.0x:




43312 4

Lh

{c) Let T;: X = X be a contraction of a complete
metric space (X, d). Show that T has a unigque
fixed pmint. (6.5}

{ay Show that the subset A C R?, where (6.5]

A={{x,y) eRE:xi—y 2 B} 15 disconnected.

(b) Let 1 = [-1,1] and let f: 1 — [ be continuous,
then show that there exists a point ¢ € T such that
fc) = . Discuss the result il 1 = B

(4+2.5)

() Let (X, d,) be a connected metric space and f be
4 continuous mapping from (X, dy) onto (Y, dy}-
Prove that (Y, d,) is alse connected. Does there
exist an onto continuous map g: [0.1] — [2, 3]
(4, 3]7 Justify your answer. (6.57

{a) Let f be a continuous functicn from a compact
metric space (X.d,) to a melric space (Y. dyh
then prove that [ is uniformly continuoas on X.

[6.3]

(b} Let (X, d) be a metric space and Y be o compact
subset of (X, d). Thea prove that Y is closed and
hounded, Give an example of a closed and bounded
subset of a metric space which fails to be compact.

[4+1.5)

{c) State finite intersection property. Show by using
{he finite intersection property that (R, d) with
ysual metric 15 not compact (2443}

{3200)
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‘E'ﬁ =2y w0y = 1:]

-:ﬁf_!.'f‘.l!' *‘!"' 3"3 -5

sy + 2= Sx = =1

Take the initial approximation »s X0 = (1, 0.8
and debfe ST




4469 6 W 4

x
f(x) 3 =l -3 ]

{6y

S () Derive second-order backward difference
f given by —

(xo)= i {’ﬁi'#)f*ﬂi;ﬁ}"'f{‘a -Zh:].? 6)

e {xq.-]‘:e{;h-ﬂ;}-'irgﬁmﬁu ~h)
to approximate the second derivative of the
function f(5) = *at x, = 0, takiag b = 1,011, 0.0
and 0.001. What is the order of approximation.



i —

- T T

1 TISIS2 000 =1 aking the step size as

h.&:ﬂ_'i's.-' {ﬁ‘s}
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L (i} IF X has the probahility density

e i

4] elsewhers

Find k and P05 £X 1) Also find the
random variable X

(&)

disiribution function of the

and use it 1o reevaluale PSR

(i) Let the random varishles X, and X, have the

joint pdf

iF =, <l Dexg<d
elsawhere

Ky ¥Xg

of X, and X; and compute

(el

Find the marginal pdb

P(X, +X, 510
(i) Let X ben continuous random variable with pdf
g <m Find E(X), E(X, WarlX)
(6}

oy = ™
and the comulntive distribation function.

4588

2

3

i) IT a rando "
m variable X has g di
Iscrete uniform

diﬂﬂh“lillll l‘t —I (il -
%)= |
T for x !.2.3...':. then find

the mean gng varianee,

iii) i
) Let the random vars
variables X .
mdf and ¥ have the joint
fix. ﬂ:{'—'"’ i cxcycm
0. elsewhere
Find

the mome,
It generating fonction of (he joint

distribution,
(6]

fﬂ”' I.-
.
!ﬂl I!]:: Eﬂfldﬂlﬂ val llﬂﬂﬁg X-and ¥ 'I.n'll-'t "lﬂ'jlj]‘l’ll

if fexzye]

f{t1 }‘); {: - E
y B

Find the conditional pdt of X given v
the canditional pdf of v Biven X =

=¥ and
()

£

P.T.0
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15 i e sy i, o o
s o hih vy 1
155 em? een 120 and

G

l:f; 5)

Are X, and X, independent?

5. () Suppose the joint inoment generating function,
M1y ty). exists for the random variables X and
¥, Then X and ¥ ace independent if and only i

Mt 1) = Mt MO, 1. (6.5)

(i) 1 the probability density of X iy ghven by

Find the probability that it will take on @
within two standard deviations of the mean and
compare this probability with the Jower hound
provided by Chebyshev's thearem. (6.5







