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L. Attempt any three parts. Lach part is of 5 marks.

() Solve the dilferential countion

(x? + yNdx — (x%y 8y )y == (),




p:

(5) Solve the initia) valyc problem

(1+ ye*dx -+ (2y + xe¥)dy = 0, ¥(0) |

(¢) Find the gcncral solution of the d:ff'ercnl,a] .

“uayj,,
-‘(_y” o} yr _ 4}(_

¢ differengjg) equation

(Xy? + xy)dx = dy.
(¢) Find an inte

grating factor of the form yp
solve (he dif

Y ang
lerentia] equation

(8x2y3 _ 2yNdx + (5x%y? 8xy’)dy = ¢

'Attcmpt any two partg. Each part s of 6 Marky.
(a) Assume that (he rate

ay js Proportion
are present i ample. [y , ce
SAMple 10% of the v .

al numpey of radip
nuclej hag undergone disjg

100 years,

dec
that

dClive
aperiod of

(1) What pereent of ¢

nucleg wil] rema;
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(b)

(¢)

(d)

3

had a population of 25,000 in 194y

A certain city !
and a pupulzlli(m of 30,000 in [V70. Assume thay
ation will continuc
What populatiop can its city

yeir 20007 .

its popul 0 prow exponcntially
S popu B

at a constant ratc.
planner expect in the
ard [rom the ground

An arrow is shot straight up¥ ;
. : . ik sxpericnees
with an initial velocity ol 160 [t/s. [t expe

both the deceleration of gravity

. ; . £ i the air
v¥/800 due to air resistance. How high m the <

and deceleration

does it go?

5% ” . : - weribes the
[he following differential cquation describus Ul

level of pollution in the lake

d¢t  F .. .
s e
dt V
where V is the volume IF s the Tow (in and out),

C is the concentration of pollution at time | and

C, is the concentration of pollution entering the

lake, Let =28 « 106 m', I =4~ 10" mY month, 1F

only freshwater enters the lake.

(i) How long would it take for the lake with
pollution concentration 107 parts/m* to draw

below the safety threshold 4«10 parts/m*™!

(i) How long will it take to reduce the pollution

level to 5% of its current level?




7856 4

e

: 4 is of 6 marks.
Attempt any two parts. liach part is

(1) Write down the word cquations along “}l‘lh

compartment diagrams that desceribe the f'no\jc:ln‘t_fu
of the drugs between the {three compartments 1n
the hody. fhe (I tract, the 111“0(1“*1"0‘“?1 and T.hb‘
urinary tract., when a patient tankecs a single D.lll.
[Tere. the urinary tract is only an absorbing
compartment. From the word cquations. dcvr.:h?p
the differential cquation system which describes
this process, defining all variables and parameters

an reguired,

(b) Solve the logistic differential cquation with the

initial condition X(0) = x,,.

(c) A population, initially consisting of 1000 mice, has
a per capita birth rate off 8 mice per month (per
mousc) and a per capita death rate of 2 mice pcr

month (per mousce). Also, 20 mouse traps arc

cach wecek and they arc always filled.
(1) Write down a word cquation describing the
rate of change in the number of mice

and
hence write down a

differential cquation
Ffor the population.

(1) Find the population of mice after 6 months.
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(d)

- cl
Cmmider (he harvesting mod

— =T K
dt

-7er sautlibrium
l . . (wo hon-=zcero (]
(i) Find the !

populations.

(i) If the harvesting ralc h is greater than
some critical value h, the non-zcero
equilibrium values do not cxist and the
population tends to extinction. What is this

critical value hc‘?

(iii) If the harvesting rate h < h, the population
may still extinct if the initial population x,
is below some critical level X_."What is

this critical initial value Xv?

/\llcmpl any two parts. Each part is of ¢ marks.

(a) Find the general solution of the differential equation

d3
dx d:{ d.\

(b) Show that y = 1/x is a solution of y

+ y2 = () hui
that if ¢

# 0 and ¢ # 1, then Y = ¢/X Is not g
solution.

PO,
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(¢) Use the Wronskian (01 u“‘-‘lion
28 k(X)) S
(x) = ¢ L k(X) @3,

{
-
Yo ]

\

f{x) = L
he real ).
arce linearly inclcpendcnl on t Ilnc_
, sovined coelfigy
() Use method ol undc{umlntd e

.y lo fing
particular solution ol difle

rential

)’HI‘ L \.’ — 2 -_— Sin x'

5. Attempt any two parts. Each part 1S of (’marks_

(a) Find the general solution of the diffcrentia) Squatio,

yd — 8y" + 16y = 0

(b) Solve the initial value problem

2yt - 3y" - 2y' = 0; y(0) = 1, y'(0) = =L, y'(0) = 3,

(¢) Find the general solution of the Euler's cquation

e

Xy" = 3x%y" + xy' = 0.

(d) Use the method of variation of parameters to find
the solution of the differential equation

yu 4 3),r £ 2); = 43\_

0.  Attempt any two parts. Each part is of ¢ marks.

(a) By making appropriate assumptions devclop @
model with two differential equations describing
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predator-prey interaction witl DD Sy ¢ ffoel
Cheek the model in the limiting case of

(1) Prey with no predator,

(1) Predator with no prey,

(b) In 4 long-range battle. neither army 'c:m see (he
other, out fires into 4 givenarca. A simp|,
Mmathemaieq) model deseribing this batt)e s given
by the coupled dillerential cquations
Ei-lg-z-—clllﬂ, (Hj == RI3, where R: Red Army,
dl dl
B: Blue Army where ¢
constants,

and ¢ arc POSILive

() Use the chain rule to find 4 relationship
between R apg B, piven the inj(jy) numbers
of soldicrs o the two armjes are roang
b, respectively,

() Draw sketeh of Lypical Phase-plane
trajectorics,

(¢) Suppose tha soldiers frop the reg army are vigih|e
lo the blue rmy, but soldiers [rom (he blue arnyy
are hidden, Thyy

the red army
[iring while (0 bl

IS USing randon

CAMY uses gipe liring

RO,
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0 o)
word cquations

riatc
( the number

(i) Write down approp
describing the rate of change 0
ol soldicrs 1n cach of the armices.

(1) By making upprupri:llc assumplions,
i different

obtain two couplet ial cquations

describing this system.
(i) Lixtend the model to include reinforcements
i both of the armics receive reinforcements
at a constant ratc.

() The pair of differential cquations

dP ot Sh=qp
e = 1P . —_— = S
t f dt

Ly oand ¢ oare positive constants, is a model

where r
microorganisms P, which

for a population of

produces toxins 1 which kill the microorganisms.

(i) Given that initially there arc no toxins and

P,Microo
ating the population density and the

roanisms, obtain an c¢cxpression
rel

amount of toxins.

(ii) Give a sketch of a typical phase-plane
(rajectory, indicating the dircction of

movement along the trajectories.

(iii) Using this model, deseribe what happens

(o the microorganisms over time,

(1500)

e e



i ; S.
[This question paper containg g prlnted pages.]

your Roll NOueeerssranees o
Sr. No. of Question Paper : 738 B
Unique Paper Code . 32351201
Name of the Paper . BMATH203 - Real Analysis
Name of the Course . B.Sc. (H) Mathematics
Semester . 11
Duration : 3 Hours Maximum Marks : 75

Instructions for Candidates

1. Write your Roll No. on the top immediately on receipt
of this question paper.

2. All Questions are Compulsory.
3. Attempt any two parts from each question.

4. All Questions are of equal marks.

1. (a) State the completeness property of R, hence
show that every non-empty set of real numbers

which is bounded below, has an infimum in

R.

2. T.0.
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2.

(b) Show that if Aand B are bO‘dnded :
then A U B is @ bOUnded S€t and g
max {sup A, sup B).

(c) State and prove nested interva] Property

(d) Define an open set and closed set ip R.

Show that if a, b € R, thep the open interya]
(a, b) is an open set.

Is a closed interval a closed set ?

(a) Let S be a bounded set in R and let S,.be a non-
empty subset of S. Show that

inf § < inf S, < sup §, <sup 8§

(b) State Archimedean property. Hence, prove that if
1
S={E,DEN} then inf S =0.

i ded
(¢) If S = R is non empty. Show that S 1s boun -el
interva

if and only if there exijsts a Closed bounded in

I such that § c L




3
@) 1¢
> Z
and nly if . I g S z. Show that x < Y2 2if
1 |X _
y| + -
geometrican |Y-~z| X =z

- Interpreg this

i X
Such that lim [-————-J=L exists. If L<i, then
N—co Xn

(x,) Converges and 1jm (xp)=0.

nN—oo0

(c) Prove that if C > 0, then lim (Cl/")zl‘
n—oo

1
(d) Let x, > 1 and Xpr1 = 2 -

— for n ¢ N. Show
Xn

hat (x,) is bounded and monotone. Also find the
tha n
limit.

P.T.O.
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4. (a) Let X = (%,
numbers tha to x Gl g

Then the producl S€quence X v .o, Spectively .

X.y.

and u
) Y (y
t converge

(b) Let X = (x,) be a bounded S€quence

numbers and let X € R have e $rg of real
pert

every convergent Subsequence of X con\rery that
ges to

x. Then the sequence X is convergent to x

Discuss the convergence of the sequence (x)
n!

()

1 1
where x, = + Rt +—1- for n € N.
n+1 n+2 2n

(d) Use the definition of the limit of the sequence to

find the following limits

he
s for !
ondition

5. (a) Prove that a necessary © lim @ =0.

g lim o

; eries Ta, 15 | o

convergence of an infinit® :1p ©

ith the he

Is the condition sufficient’
an example.
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b
(b) PI'OVﬁ that the geomEtric series 1+r+12+ -

Converges s 0 <r < nd diverges for r > 1.

(¢) Test for COnvergence, the following series :

e L QU gy
(1) S+"'5“2"'+-5—-3—-+-n

(i) Zf;l Vn+1-yn_]
n

w3 5 o7
(d) Prove that the series X-——+——-"—4...

5 7
converges if and, only if -1 < x < 1.

(a) State and prove Cauchy’s nth

root test for positive
term series.

(b) Prove that the series l+—1—+-l_+_1_..
2P 3P 4P

for p > 1 and diverges for p < 1.

* converges

(c) Test for convergence, the following series :

(i) Zf;i[m -]

P.T.O.
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(ii) Z; gy

er
(d) Prove that every absolutely conv
€rgent ser;
eries is

convergent. Show that th
€ series Z( n
)RS s
converges for all the rea] s
eal value
s of x,

(1500)



