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Abstracts
In this paper, by using a simple transfomation 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 (ofRiccati type) has exactly two periodic solutions.
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Introduction were given teio, In the same direction in l2l
In [1] the question about the existence and in [3] the case of not ]rarvesting, that is the

of w-periodic solutions of the non - case E(t) = 0 , was studied

The number of periodic solutions

autonornous logistic equation of population

growth

Y' =lr(t) - E{t)Y._ I r'...(t)' ktt)
where r(t), k(0 and E(t) are positive w-

periodic functions was discussed. Equation (l)
can be regarded as a model for the growth of a

population Y(t) at time t which is being

proportionaliy harwesting in a pedodic manner'

Function r(t) is the intrinsic growth rate and

It is wort[mentioning that equation
y' =Y'+a(t)Y + FQ)
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 2n periodic

soiutions. Aiso in[t], Liao and yang gives

soflle results about the growth and

factr:rization of entire solutions of Riccati

equation.

Here we extend these results to a

k(0 is the carrying capacity and E(t) is rnore general Riccati equation by using a

regar<ied as a moasure of harvestirig effort. simple transformation of variables ancl ths

In the mentioned paper it was proved necessary and sufficient condition in order

the existence of two w-periodic solutions of thata solution of the w- periodic Riccati

equation (1) bV rtsing a standard field and equationbew-periodic.
fixed point argument. Some bounds for rhe a solution of the w- periodic Riccati

ncn-constant w- periodic solutions equation be w- periodic.
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MAIN RESUI,TS

Let us consider the initial value problem

(LV.P)

Y': a(t)Y + b(t) Y' ..'(2)

Y(01=Y-,YoeR
where a(t) , b(t) : [0,m) *> R are continuous

functions , and let

t

p(t) =exp(Ja({)r1{ )'-'(3)
0

Theprern-l1 The solution of the LV.P (2) is
given by the function

t
I/(r,rs) = vo[1- ro 

"!t 
(6)rp(€)d6l-"1,p(t)

0

which is defined for all t such that

t
r-Yo lu111e161ag 

* a
0

Pfoof:
The transformation Y: rp(t) X ...(5)
Reduces the equation {2) into the equation in
separable variables

X':b(t)qr(t)Xz
From (3) and (5) it is clearly seen that

Y(0) = X(0):Yg
Therefore, after integrating (6) and using the

inverse transformation of (5) we obtain

function (4).

Beggg&: it is a well knovrn fact that if a(t) is

an w- periodic flinction and h(t):O , then the

equation

y': a(t)y

has a non -constant w-periodic solution if and
\|

only if la$)dt =O
0

Therefore, in the following we consider the

case b(t) # 0 ,we also suppose that a(t) + 0

Before giving the main result of this

papff we stats the following theorem which is

proved in [6].

TheoEem 2 : Let r(t), k(t), E(t) : [0, oo) -+ R

be continuous positive w- periodic functions

such that r(t) -E(t)> o.

Then the w- periodic logistic equation (t) has

exactly two w- periodic solutions, namely the

zero solution and the one given by the function
t

f e [0, oo], wherey (t) = exp(i[r'i{) * E{6}}d.€)
0

and 6(w) =l-W(w)"

We are now ready to give the main
result.

TheorenL3:
Let a(t), b(t): [0, m)+ R be respectively

continuous non-negative and non -positiYe w-

periodic functions. Then, the non

autonomous w- periodic Riccati equation (2) ,

wl

r(r) = 6(w) fi $il$d€ - 5{*) [ t\O,il€V.il" *d!\
00

has exactly two w-periodic solutions. Namely,
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the zero solution ancl the one

function

."....(e)

Which is defined for all t e 10, oo) and where

0(t) is given hV (3) and E(w):l-q (.v)

Eroqf:
Under the stated hypothesis the non-
Autonomous Riccati equation(2)i s

w
-periodic, rherefore a solution

Y(t,Yo) of that equatir:n as given in(4)
is w-periodic if atd only if
Y(0,Y6) - Y(w,Ys):0

given by the ciearly defined for te [0, *) .

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

b(t):-r(t)/k(t) . From thEorems 1 and 3 we

obtain theorem 2 (see [6]). In case of not

harrvesting, it is in case E(t):0 . theorem 2 is a

result obtained in [1].

Examllgl:
I-et us consider the Zrc-

equation

Y':Y-(2tsin(t))Y2

periodic logistic

....(13)

By substituting function (4) in (10) we obtain
w

YoLr- (1- ro )UGlwGia?)',(wil=a
0

.'...(11)
Which ailows us to detennine the initial values

in such a way that the corresponding solutions

of equation (2) be w-periodic, obviously Yo= 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), rvhich is obviously an w-
penodic function. Let us, now suppose that

Yo* 0 in (i 1) , then lrom (1 1) we have that Yo

is defined in a unique way by formula:

. . ..( 12)

It is clear from (i2) that Y{r is a positive

number, since from the stated hypothesis the

integral and E(w) in (12) are negative numbers.

Now by substituting (12) in (7) we obtain after

some caiculations the solution (9) , which is

rvhere a(t):l, b(t): - (2 + sin(t)).

in this case p(t):et and the solution of (13)

which satisfies the initial condition (2) is
given by the function:

Y (t,Yg)= [1 + 16 (e/ (4 + sin I - cos t) I 2 - l))*1 Yget

Now , eqr"ration (11) gives us the values:-

Yo:O and Yo-213.

E:auqpl€ 2:

Let us consider the 2n periodic logistic

equation

Y' = (2+ sint)F - :-IYZ
rvhere a(t):2+sin t, b(t):-e-l. In this case

p(t):exp(2t+1-cos(t)) and the solution of (14),

which satisfies the initlal condition (2) is given

by the function:

t ^- p I

y{t,yg) = I,0[1 + Ya'[ e2( -cos( 1r;l ,Zr+l-cast
0

(1 0)
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Now, equation (11) gives us the values

For which the corresponding 2n periodic ye,yo)=Sier,-"o,0)dt +(eo, -t)lezt-*c\d.
solutions are respectively, the zero solution 0 0

Y( 
-4o -.1Io =0 andYo=# ...(15)

trz"-cosa| 
clt 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 

H(t1=(roo -L)szt+t-costt) by using Sympsons rule and obtained the

approximate value Y o: 4.12327 46.
In this example the value of Y0 coresponding
to the non- constant 2n periodic solution (16)
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