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Abstracts

In this paper, by using a simple transformation of variables and the necessary and sufficient

condition in order that a solution of a periodic equation be periodic it is proved that the periodic logistic

equation (of Riccati type) has exactly two periodic solutions.
Keywords:-A periodic equation no of solution of equation.

Introduction
In [1] the question about the existence

of w-periodic solutions of the non
autonomous logistic equation of population
growth

(1)

k(t)
where (1), k(t) and E(t) are positive w-
periodic functions was discussed. Equation (1)
can be regarded as a model for the growth of a
population Y(t) at time t which is being
proportionally harvesting in a periodic manner.
Function r(t) is the intrinsic growth rate and
k(t) is the carrying capacity and E(t) is
regarded as a measure of harvesting effort.

In the mentioned paper it was proved

Y =[r()-EQ)Y Y2..Q)

the existence of two w-periodic solutions of

equation (1) by using a standard field and

fixed point argament. Some bounds for the
non-constant w- periodic solutions

were given too. In the same direction in [2]
and in [3] the case of not harvesting, that is the
case E(t) = 0, was studied

It is worth mentioning that equation

Y* =Y* +a()Y + B(t)

which was studied by Lloyd [4]is a
special case of the equation being studied
now . In 1999 , Miklaszewski[S]proved that
the Ricatti equation has no 27 periodic
solutions. Also inf[1], Liao and yang gives
some results about the growth and
factorization of entire solutions of Riccati
equation.

Here we extend these results to a
more general Riccati equation by using a
simple transformation of variables and the
necessary and sufficient condition in order
thata solution of the w- periodic Riccati
equation be w- periodic.

a solution of the w- periodic Riccati
equation be w- periodic.
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MAIN RESULT equation
Let us consider the initial value problem Y* =a(t)Y
(LV.P)
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has a non -constant w-periodic solution if and

Y= a)Y + () Y (2)
Y{0)=Yo,YoeR

where a(t) , b(t) : [0,0) —> R are continuous  Therefore, in the following we consider the

onlyif [a(t)di=0
0

functions , and let case b(t) # 0 ,we also suppose that a(t) # 0
t Before giving the main result of this
@) = exp( ja(f dé) ...(3) paper we state the following theorem which is
‘ proved in [6].
Theorem 1: The solution of the LV.P (2) 18 Theorem 2 : Let r(t), k(t), E(t) : [0, ©}) — R
given by the function be continuous positive w- periodic functions

such that r(t) -E(t)> 0.
Then the w- periodic logistic equation (1) has

t
, Ay =1 : T ;
Y(t,Yo) =Ygl -TYg (J)”(‘:'T dp(§)de] e (t) exactly two w- periodic solutions, namely the

which is defined for all t such that zero solution and the one given by the function

t
t €[0,00], wherey () = exp([[+(£) - E(£)1d¢)

t
0
1-Yp 1o 1E 0
0 g QUGLE o B i)
Proof:
The transformation Y= o(t) X ...(5) W - wendy o pive fhe :
Reduces the equation (2) into the equation in reseul? E T B 10 R
separable variables -
X =bMeMX> e (6) Theorem 3 :
From (3) and (5) it is clearly seen that Let a(t), b(t): [0, ©)—> R be respectively
Y(0) =X(0) =Yy continuous non-negative and non -positive w-

Therefore, afier integrating (6) and using the periodic functions. Then, the non -

inverse transformation of (5) we obtain autonomous w- periodic Riccati equation (2)

function (4). ; l

Remark: it is a well known fact that if a(t) is  Y()=5(w) j'z;,@qs@dg_g(wr) J' KEOWAEET olt)
0 4]

an w- periodic function and b(t)=0 , then the
has exactly two w-periodic solutions. Namely,
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the zero solution and the one given by the
function

Which is defined for all t € [0, «©) and where
¢(t) is given by (3) and d(w)=1-¢ (W)

Proof:
Under the stated hypothesis the non-
Autonomous Riccati equation(2)is
-

-periodic, therefore a solution

Y(t,Yo) of that equation as given in(4)
is w-periodic if and only if
Y(O0,Yp) - Y(W.Yp) =0  .covenivennn. (10)

By substituting function (4) in (10) we obtain
Y,[1- (-7, [B(&)p(£)ds)™ p(w)] =0
0

.............. (11)
Which allows us to determine the initial values
in such a way that the corresponding solutions
of equation (2) be w-periodic, obviously Y¢= 0
satisfies equation (11) ,to this initial value the
corresponding solution is by virtue of the
theorem of existence and uniqueness, the zero
solution Y(t), which is obviously an w-
periodic function. Let us, now suppose that
Yo# 0in (11), then from (11) we have that Yo
is defined in a unique way by formula:
(12)

It is clear from (12) that Y, is a positive
number, since from the stated hypothesis the
integral and 8(w) in (12) are negative numbers.
Now by substituting (12) in (7) we obtain after
some calculations the solution (9) , which is

A gibts (1) Lty o o8 plasgdd itadton 330 oS

clearly defined for te [0, ).

Remark:

By setting a(t)= r(t)- E(t) and

b(t)y=-r(t)/k(t) . From theorems 1 and 3 we
obtain theorem 2 (see [6]). In case of not
harvesting, it is in case E(t)=0 , theorem 2 is a
result obtained in [1].

Example 1:

Let us consider the 27~ periodic logistic
equation

Y ® =Y-(2-+sin(t))Y? ...(13)

where a(t)=1, b(t)= - (2 + sin(t)).

In this case @(t)=¢' and the solution of (13)
which satisfies the initial condition (2) is
given by the function:

Y(t,Yg) =[1+ Yo (¢! (4 +sint —cosr)/2-3)] " ¥pe!

Now , equation (11) gives us the values:-
Yo=0 and Y(-2/3.

Example 2:
Let us consider the 2m periodic logistic

equation

1y2

Y® = (2+sinn)Y —e Y
where a(t)=2+sin t, b(t)=-¢'. In this case
o(t)=exp(2t+1-cos(t)) and the solution of (14),
which satisfies the initial condition (2) is given
by the function:

t b o
Y(4,Yp) = Yol + yofezéﬁcoss dé/]—lelr-f-l—cosz‘
0
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Now, equation (11) gives us the values
- . 5 % 2z H

For Which the ccrre'spondmg 2n perlo.dxc Y@,Y,)=[ J‘ e g 4 (¥ —1) ,f p2-os(®) g

solutions are respectively, the zero solution 5

Y( 6471' _1

Y, =0 andY, i S ..(15)
J-ezﬁ_msmdf has to be calculated via numerical integration
0 which leads to an approximated value to Yo
.We calculated the value of the integral in (15)

Where v using S i
H(t) = (*F —1)e -0 by using Sympsons rule and obtained the

0

approximate value Yy=4.1232706.
In this example the value of Y, corresponding
to the non- constant 2w periodic solution (16)
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