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(Unit - 3)
Full Marks : 65
The figures in the margin indicate full marks.

Candidates are required to give their answers in their own words
as far as practicable.

Group - A
(Marks : 20)

1. Answer the following multiple-choice questions with only one correct option. Choose the correct option
with proper justification : (1+1)x10

(a) For exponential growth %Nt—er with growth rate »(> 0),
the population doubling time will be
(i) 2 (i) rln2
i) ~In2 (iv) ~in2
(i) ~ ML
; : : dx x
(b) For the single species continuous system R 0.3:{1—5),

(i) trivial equilibrium is stable but non-trivial equilibrium is unstable.
(ii) trivial equilibrium is unstable but non-trivial equilibrium is asymptotically stable.
(iii) both the equilibria are unstable.

(iv) both the equilibria are stable.

(c) For the harvesting model il =J‘N(1—%)—h, where r, K, h > 0, the unique equilibrium exists if

dt
: rK i) A K
(i) h<-'4'— (ii) 2 4
rK i
TN L (iv) none of these.
(i) h=",
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(2)

bifurcation (ii) saddle node bifurcation

(iv) none of these.
non-negative steady states of the equations

@@ (0,0); (1, 1)

(iv) none of these.

(i) saddle

(iv) none of these.

(i) D>2K(co)
(iv) 2D <K(cy).



(h)

)

2. (a)

(b)

(3) (X(5th Sm.)-Mathematics-H/DSE-A-1.2/CBCS (Unit-3)

In the following Lotka-Volterra predator-prey model

dx

—=x(a-

= = *(a=py)

dy

— = y(-y+dx),

dt Ariedad
@, B3, v, & are positive parameters, the equilibrium point (0, 0) is

(i) stable node (ii) saddle point

(i) stable focus (iv) unstable focus.

The discrete logistic type model Xp41 =%, (1=x,),r >0, the trivial steady state is stable if
@) r>1 (i) 0<r<lI
() 1<r<2 (iv) none of these.

The steady state x* =35 of the system Xyl = Xp€> 0 i

(1) asymptotically stable (i) stable but not asymptotically stable
(iii) unstable (iv) none of these.
Group -B
Unit - I

(Marks : 15)
Answer any one question.

Write down the continuous-time Logistic model equation for a single-species population and explain
the variables and parameters involved. Find the analytical solution of the model equation. Discuss
the behaviour of population size as time approaches infinity. How does Malthus model become a
special case of Logistic model?

What is an equilibrium point or steady state of i,—N-—- J(N)? When is a steady state called
t

asymptotically stable? Suppose that N* is a steady state of %ﬁ = f(N), and £ (N) is a continuously
” 3

differentiable function with /'(N*)# 0. Prove that N* is asymptotically stable if f'(N*) <0 and
unstable if /' (N*) > 0.

Hence, discuss the nature of stability of the steady states of the continuous-time Logistic model for
a single-species population. (242+1+1)+H(142+3+3)
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H/DSE-A-1.2/CBCS (Unit-3)) (4)
‘the defects of the Malthus model? Write down the Gompertz model explaining the

for the single natural fish population harvest model

N N
N (T L\ oEN,
Y - ( K) -

nnderstand by a pitchfork bifurcation? (2+242)+(4+2)+3

Unit - IT
(Marks : 20)
Answer any tweo questions.

%=x(l—x-y)'
L pyx-a)

:_ eters to be determined.

' of the dimensionless system and discuss their stability. 3+(3+4)

s Y :
i thepredator functional response in a predator— prey system? Write down the
functional responses and draw the corresponding response curves.

x+10

E,{ xiti ]
X103

(143)+6




(5) (X(Sth Sm.)-Mathematics-H/DSE-A-1.2/CBCS (Unit-3)

6. (a) What is meant by a limit cycle for a two-dimensional system? Show that the following system

dx ;
e ="y+_._.__r_(1_x2 _yz)
dt x2+y2

) )
d;=~I+—*——'—(]—x2 —yz)
: Va2 +y?

has a stable limit cycle.

(b) State Dulac criterion for a two-dimensional autonomous system. Using this show that the following

system

—=x(a—-ax-5

dt ( »)

dy

—_—— —-CX —

=V (B-cx-)
where a, d are positive constants and o, B, b, ¢ are any constants, has no closed orbits in the positive
quadrant in R2. (1+4)yH2+3)

7. (a) Why is an epidemic model called compartmental model?
(b) Consider the compartmental model

R, Lo, R

di dt dt

4
where the parameters A, 1, o> 0 are to be explained by you and S(0), /(0), R(0) are initial values
of the susceptible, infected and recovered populations respectively.

=l -aR,

(i) Show that at any time ¢ the total number of population is constant.

(i) Reduce the system into two-dimensional system involving S and / population only.
(iii) Calculate the basic reproduction number R, and show that the epidemic can grow if R, > 1.
(iv) Discuss the stability of each equilibria of the reduced system. 1+H(1+1+142+4)

Unit - ITI
(Marks : 10)
Answer any one question.
8. (a) Draw the Cobweb diagrams of the one-dimensional difference equation X,.) =rx, for different
values of the parameter 7.

(b) When is a steady state of the one-dimensional system x,,,, = f(x,) said to be asymptotically stable?
Discuss the stability of the steady states of the following one-dimensional model :

AK x,
e
K+(—1)x,
where 2 and K are positive parameters. 545
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Y/DSE-A-1.2/CBCS (Unit-3)) (6)
*) be a steady state of the two-dimensional discrete-time system :

¥

Xp+l =f(xmyn)'

| Yt =& (XnsYn)-

the system about (x*,y*) and hence state the conditions for stability of (x*, y*).
the coexistence equilibrium point of Nicholson-Bailey model

(T e

5+5'



