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f1czents ie. a; = a, and there gre
H0,000 soldiers 1n the red army ai
.*»'l in blue army. Determine who
v@ns if there is one battle between ti &
tg.ro army. |

{c) Conglder the Lotka - Volterra moli
descm;lbmg the simple predator prey mod' :
dx | . dy '
dt % X CIXY and It CQXY a’
Whers b,, ¢;, C,, &, are positive consta s
and X and Y denotes the prey and predafy
popuiatlons respectively at time t.

(1) and the equilibrium solutions of Be
a%ove model.

(11) P{;nd the directions of trajectorles n
the phase plane. :
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(a) Write y r Roll No. on the top 1mmed1ately
on recej t of this question paper.
(b) Use o on-programmable scn;ntrflc
calculator is allowed. i
| SECTION - A ,
1. Attempt three parts, each part is of 5
marks. :

u

(a) Solve the initial value problem :

P.Tﬁf'o.
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" (c) Solve the differential equation :
(x2- 3y?) dx +2xydy = O.

#secTioN-D

wo parts; each 'pé_lrt is of 7.5

(d) Check the exactness of the differential mgrks |
equation : - ( & ( (a) Consider#a disease where all those who
are infecged remain contagious for life

(3y +4xy?) dx + (2x +3x?y) dy =0.

Hence solve it by finding the integrating
factor of the form xPyq, E

2. Attempt any two parts; each part is-of 5 marks. th(_":

(a) A certain moon rock was found to contain §
equal numbers of potassium and argon
atoms. Astume that all the argon is tlse

(ii) Drawg
result of radioactive decay of potassium (its *

a sketch of typical phase-plane
trajectories for this. model. Determine

half-life is about 1.28 x 10° years) that one §‘ - the' ire.ction LTl Bhoings Fhe
of every nine potassium atom«*ﬂé ' traJe_ SR '
disintegrations yields an argon atom. What g ; (b) A simplej odel for a battle between two
is the age of the rock, measured from thei ( army .;‘.‘?_:j%‘ nd blue, where both the army
time it contained only potassium ? 4 . used ai  ‘1 d fire, is given by the coupled
(b) A hemispherical bowl has top radius 4 ft é ' d1fferent1l Sl .
and at time t = 0 is full of water. At that . | dB
moment a circular hole with diameter 1 = - a,B, e a,R

inch is opened in the bottom of the tank.
How long will it take for all the water to
drain from the tank ?

§=

k- g

g : a, and a_j '. re the positive constants.
2 £ -
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(b)

(c)

Use the method of undetermined
coefficients to solve the differential
equation

Y '+ ypssinx. (

; 1
A body with mass m = Ekg is attached to

the end of the spring that is stretched 2 m
(meters) by a force of 100 N (Newtons). It
is set in motion with initial position x, = 1 m
and initial velocity v, = -5m/s. Find the

position function of the body as well as the o

amplitude, frequency and penod of the
oscillation.

Show that the two solutions y, (x) = e* cos X

and y,(x) = e* sin x of the differential

equation y"-2y+2y =0 are linearly (

independent on the open interval 1. Then
find a particular solution of the above
differential equation with initial condition

y(0)=1land y'(0) =
Find the general solution of the Euler

equation x?y” + 7xy' + 25y = 0.
6
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(c) A motoriboat starts frorn rest (initial
velocity _(0) = v, =0). Its motor provides a
constaﬁt-cceleratlon of 4 ft/s?, but water

resista Ve causes a deceleration of

v2

400

find the li‘inltlng velocity as t — + o (that
is, the maximum possible speed of the
boat). E
§§SECT10N B
3. Attempt any “two parts; each part is of 7.5
marks.

ft/sg. Find v when t =10 s, and also

(a) Consuier%the American system of two
lakes: Lakﬁ- Erie feeding into Lake Ontario.
Assummg that volume in'each lake to
remain cognstant and that Lake Erie is the
only source of pollution for Lake Ontario.

(i) Write*down a differential equation
descrrblng the concentration of
pollution in each of two lakes, using
the variables V for volume, F for flow,
c(t) for concentration at time t and
subscr ipts 1 for Lake Erie and 2 for
-Lake @ntano

3 PT.O.
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flows into Lake Erie. How‘ﬁ@does this

¥
: E (i) Suppose that only unpoll ted water
¢

: change the model prOpo‘;ed '-’

5

£

E(lu) Solve the system of equauons to g
expression for the =p011ut10n
concentration c,(t} and c2(t1_“i
i
{b) The following model describes' ,the levels
101" a drug in a patient taking afcourse of

cold pills : :

¢

":': L 0
dt X, x(0) -

“dy _ |

"d— =k x kzyg, 0)=0

1

;Wherek andk, (k, >0, k, > 0 and k, » k)

-descrlbes rate at which the drug moves(
tbetween the two sequential compartments

i (the Gl-tract and the bloodstrearn} and I

adenotes the amount of drug released into *

. the Gl-tract in each step. At tm‘fe t, x and

,y are the levels of the drug in tl‘fe GI tract

and bloodstream respectively. ¢

£

4
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(c)
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(i) Fmd solution expressmns for x and y
which satisfies this palr of differential
equatlons

(ii) Fmd the levels of the drug in the GI-
traé't and the bloodstream As ‘Fdtta

In view of the potentially disastrous effects

of OVCI’fIShII’lg causing a. populat1on to

becomeiextinct, some governments impose
quotas which vary depending on estimates
of the populatlon at the current time. One
harvesting model that takes this into
accountis '

dX (. X

—=1X{1-—|-hX

dt X‘( K) .

(i) Find the non-zero equlllbrlum
populatlon

(ii) At what critical harvesting rate can
extmctlon occur ?

SECTION - C

4. Attempt any. fcur parts; each part is of 5 marks.

(a) Use the method of variation of parameters

to find a particular solution of the
d1fferent_1al equation

L 4y '+ 4y = 2e*.
> P.T.O.



