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(i) se the ch6.in rule to find
lationship between R and B, gi
e initial numberS of soldiers for
o armies are ro and bo respective

(ii) a rough sketch of phase-pl

(iii)r
ajectories.
both the ariny have equal attri
efficients i.e. a, = a, and there
,000 soldiers in the red army
00 in blue army. Determine
ns if there is one battle between
o army.

(c) Con der the Lotka - Volterra rno
des

dx
dt

whe

bing the simple predator prey mo

,X - c,XY and 4r = c^xy -dt

and
pop
(i)

and Y denotes the prey ald pred
tions respectively at time t.
d the equilibrium solutions of

ove model

b, , c, c2, a, ar,e positive const

d the directions of trajectories
phase plane.
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three parts, each p

initial value problem :

= xy3t2, y(l\=4
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(c) Solve the differential equation :

(x'- 3y') dx +2xydy = O. {'

(d) Check the exactness of the differential
equation : (
(3Y +4xYz) dx + (2x +3x'?y) dy =0.

Hence solve it by linding the integrating
factor of the form x|zS.

2. Attempt any two parts; each part is.of 5 marks.

(a) A certain moon rock was found to contain
equal numbers of potassium and argon
atoms. Asrume that all the argon is tl:E
result of radioactive decay of potassium (its
half-life is about 1.28 x lOe years) that one
of efr/ery nine potassium atoms
disintegrations yields ari argon atom. What
is the age of the rock, measured from thq
time it contained only potassium ? (

(b) A hemispherical bowi has top radius 4 ft
and at time t = O is full of water. At that
moment a circular hole ivith diameter 1

inch is opened in the bottom of the tank.
How long will. it take for all the water to
drain from the tank ?
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5. Attempt an
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(a) Conside
are infe
Assume
deaths:

(i) writ
the

(i i) Dr

(b) A simpl
army re
used ai
differen

dt
Where R
in the rei
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4r and
an
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SECTION -,D

wo parts; each part is of 7.5

disease where all those who
d remain contagious for iife.

hat there are no births and

own suitable word equations for
te of change of numbers of
tibles and infectives. Hence
a pair of differential equations.

sketch of typical phase-plane
ries for this model. Determine
rection of tratel along the
rles.

odel for a battle between two
d b1ue, where both the army

d fire, is given by the coupled

d B are the number of soldiers
d blue army respectively arrd
the positive conslants.
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(b) Use the method of undetermined
coefficients to solve the differential
equation

Y"+Y = sinx' (

(c) A body with mass * = iU* is attached to

the end of the spring that is stretch ed 2 rn
(meters) by a force of lOO N (Newtons). It
is set in motion with initial position xo = 1 m
and initial velocit5r v, = -5m/s. Find the
position function of the body as well as the 1-1

amplitude, frequency and period of the
oscillation.

(d) Showthat the two solutions y,(x) = e" cos x'
and yr(x) = e* sin x of the differential
equation y"-2y'+2y = O are linearly (

independent on the open interva-l I. Then
find a particular solution of the above ,
differenlia-l equation with initial condition

y(o)= l and y'(o) = s.

(e) Find the general solution of the Euler
equation x'y' + 7xy' + 25y = O.
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(c) A moto
velocity
constan
resist

w2' ft/
400
find the
is, the
boat).

3. Attempt any
marks-
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oat starts from rest (initial
O) = vo =O). Its motor provides a
cceleration of 4 ft/s2, but water
e causes a decbleration of

. Find v when t =1O s, and also

ting velocity as t -+ + oo (that
mum possible -speed of the

SECTION _ B

1.
wo parts; each part is of 7.5

(a) Conside the American system of two
lakes: Erie feeding into Lake Ontario.
Assumin that volume in' each lake ro
remalfl stant and that Lake Erie is the
only sou of poliution for Lake Ontario.

own a differential equation
ing the concentration of

(i) Write
desc
pollu n in each of two 1akes, using

ables V for volume, F for flor',
concentration at time t :lnd

pts l for Lake Erie and 2 for
tario.

the
c(t)
sub

P;1' .t.t

-Lake
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(ii) Suppose that only unpoll ed water ,flows into Lake Erie. Ho does thiS
change the model proposed

*I
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sx. ta24t

it
Fin$_ solution expressiohs for x and y
whhh satisfies this pair of differential
equitions.

(i)

:.

(b)i
1

The
ofa
cold pills :

dx
* =l-k,x, x(O) =6

(iii) Solve the iystem of equations to (
expression for the !poitution
concentration c,(t) and cr(t$

5

Ibllowing model describes {the levels
drug in a patient taking dcourse of

(ii) Pinti the levels of the drug in the GI_
trac_t and the bloodstream as t _+ 

"o.
(c) In view !2f the potentially disastrous effects

of overfishing causing a poputation-to
Decome.extrnct, some governments impose
quotas which var5r depinding on esti;;t;;
ot the population at the current time. One
harvesding model that takes tt;;'i;;
accounR is

dx it' Y\
* =.4['-KJ-n.*.
(i) Find the non-zero equilibrium

popiilation.
(ii) At what critical harvesting rate can

extinction occur ?

]i SECTION _ C

Attempt anvfour parts; each part is of S marks.
(a) Use the iaethod of variation of parameters

to find 1a particular solution of the
differen lial equation

' Y"- 4Y'+ 4Y = )s* '

l

'dv:;f =k,*_ky, v(O) =O
i'il
iWhere k, and k, (k, , O, k, , O arid k, * kr)
--ldescribes rate at which the d4iug moves (
l betw'een the two sequcntial cornirartments
1:(the Gl-tract and the bloodstrdm) and i
3denotes the amount of drug rellased into .

;the Gl-tract in each step. At tinie t, x ernci
!y are the levels of the drug in tIL Cil- lracr
-. and bloodstream respectively. ir: 
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