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Abstract
In this paper ,we solved some sets of non-linear ordinary differential equations by
using a new procedure .This is done through finding the function z(x) and using
the assumption y= &' ¥ ® which gives the general solution for the non-linear
differential equation required to be solved . We have applied this method on
some sets of non-linear differential equations of first order and 2™, 3" and
fourth degree - second order and 1"* and 2 degree and also the third order and
first degree whether one of the variable is missing or not .
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Introduction
Kathem A.N.,[1] used a new function in a specific assumption for finding the
solution of some types of the linear second order homogenous differential
equations with variable coefficients which have the form

y" +PX)y" +Q(x)y= 0 .
Kudaer R.A.,[2 ] also used the assumption in solving some kinds of linear second
order non-homogenous differential equations with variable coefficients which
have the following formula

y" + PX)y" + Q(Xx)y = f(x) .
In this paper ,we have used the same assumption in solving some types of non-
linear ordinary differential equations .

The General Solution of the Non-linear Differential Equations

In this paper the method of solving non-linear differential equations depends on
investigating a new function z(x),such that the assumption
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y=el20 (1)
represents the general solution of the required equations .This assumption will
transform the non-linear differential equations to the one of a simple formula for
the differential equations which we can solve .Through finding y’,y",y"’ from

equation
(1) ,weget
y=z(x) W% (2)
Y= @) +22(x) €70 . (3)
Y= @'(X) + 32 ()2(x) + (X)) 70X L (4)

and by substituting (y, y',y",y""" ) in the required equation , we find a simple
formula of an ordinary differential equation which we can solve by using the
previous methods in order to find the function z(x) ,and by substituting the result
in equation (1) ,we get the general solution of the original equation .

Problem (1) : Consider the differential equation

xy)y=y*,
to solve this differential equation by the above method ,we use the formula (1) to
get

(X 7 efz(x) dx )2 - (eIz(x) dx )2
eZIz(x) dx (XZ 22 _ 1)=0 |,
since edzdx £
S0 (x*z2-1)=0
1
and Z=*— |,
X
by substituting z in equation (1), we find
jldx
yl =€ X = AX y
where A is an arbitrary constant .
Also
-1
dex A
2 X

Where A is an arbitrary constant .
So the set of the general solution of the original equation is

A
(y-Ax)(y-— )=0
X

Problem (2) : Consider the differential equation

Y)Y +yy+y’=0 ,
for finding the solution of the above differential equation we use equation (1) to
get

ezjz(x)dx (22+Z +1)=0

eZJ.z(x)dx 20
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(ZZ+z+1)=0
-1 .
S 2= 7 i \/§| .
Now, we can find y from equation (1) ,since
y, = ej(_zl—ﬁi)dx B e(_zl—\@i)x
1 — ’
where A is an arbitrary constant .
Also
. ej(21+«/§i)dx ~ e(21+«@i)x
, =
So the set of the general solution of the required equation is
y Ae(;_ﬁi)x)(y Ae(21+«/§i)x) o
Problem (3) :

Again we consider the first order non-linear ordinary differential equation of
degree three

X((y)* +xy(y) -3y°) = 3y%y" |
by using equation (1) , we get

e J20 X (x73 1 (xz2)? -3x -3z ) =0

.. e3Iz(x)dx 20
(xz® + (xz)*-3x -3z ) =0
(xz2?2-3)(z+x)=0 .

If (xz2-3)=0
3
z==x [— ,
X
or (z+x)=0
Z=-X .

So by substituting z in equation (1) , we get
3
Y, = ej\fxdx — Ae?V¥
in a similar way ,we find
also
y; =¢€ =Ae 2

Where A is an arbitrary constant .
So the set of the general solution of the original equation is

67



Journal of Thi-Qar University Special number Vol.5  March/2010

2

—X
(y- Ae™™ ) (y - Ae ™) (y - Ae 2 )=0

Problem (4) : Consider the differential equation

XYY = (L=3x )X (y')'y = (3 +4)(y')*y* + 4(1-3x)y'y’ + 12x y* =0,
to find the solution of the above differential equation we can solve it by using
equation (1) ,we get

e 20 B (32 24 (1.3x)x%Z% — (3x3+4)22+ 4 (1 - 3X)z + 12X) = 0
4[z(x)dx

=0

since €
S0 (% 2* — (1-3X)x°2° - (3x*+4)Z° + 4 (1 -3X)z + 12x) = 0
xz-2)(xz+2)(z+3x)(z-1) =0 ,
if (xz-2)=0 impliesthat z=2/x
or (xz+2)=0 impliesthat z=-2/x ,
or (z-1) =0 impliesthat z=1 .
By substituting the values of z in equation (1) , we find
Jgdx 2
yl =€ X = AX y
-2
I—dx A
y2 =e X :—2 ,
X
-3 2
—3xd —X
Y3 = [ Ae? |
ys =Ae* |

where A is an arbitrary constant .
So the set of the general solutions of the required differential equation is
-3 2

(y - Ax? )(y——)(y Ae? )(y - Ae*)=0

Problem (5) : Tosolve the dlﬁ‘erentlal equation
(< +3x)yy" - (2x+3)yy = (X +3x) (')’
by using the assumption (1) , we get
320X (32 4 3x ) (2 +2) - 2x +3) - (X +3x)22) =0 ,

since ezjz(x)dx;to

S0 (*+3x)z'-(2x+3)z =0,
dz _ j(2x+3)
z (x? +3x)
z=A (X*+3x)

Where A is an arbitrary constant .
Now, we can find the general solution of the original equation by substituting z in
equation (1), we get

2 Ax2(}x+§)
A 3x)d
el AT _ g ML

y:
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Where B is an arbitrary constant .

Problem (6) : To find the solution of the differential equation
yy"-2(y)+y*=0 ,

where one of the variables is absent .

By using equation (1) ,we get
A2 (7 224 1) =0 |

since ezjz(x)dx 0
S0 (z-22+1)=0
J =
(1-2z°)

z=tanh (-x+c) ,
where c is an arbitrary constant .
Also, by using equation (1) we find the general solution of the required equation

j tanh(c—x)dx
y=¢

A
y i ———
cosh(c — x)
Where A is an arbitrary constant .

Problem (7) :
Again as an application of the above method ,we are going to solve the non-linear
ordinary differential equation of the second order and degree
Xy Y-y Y ()Y -x () =0,
by using the assumption (1) , we find
e (N2 4 2x 7' 227" - 272)=0

since ez g
s0 xz-1)(2+272) =0 ,
if xz'-1)=0

z=(Inx +c¢) ,
or (2+27%) =0

1
z= ,
2X—C

where c is an arbitrary constant .

Now ,by substituting the values of z in equation (1) , we find
y1 = e]'(Inx+c)dx = AxXeX(c-D

where A is an arbitrary constant .

And

dx
Y2 = ejzx—C =AV2x—-c ,

So the set of the general solutions of the above equation is

(y-Ax e D) (y- AY2x—c ) =0
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Problem (8) :
For solving the differential equation

y"y-(y")?=0 ,
by using equation (1) , we find

& (1 74 77 22 _(2')) =0

e2J‘z(x)dx 0

(2'z+Z2 - () =0
where the resulting equation is a non-linear equation of second order, we can
reduce to first order by using the assumption

dp

let Z’=p - 7= p—

dz
d
p(P a2 py=o0
dz
If p=0 > 7=0 -z=A

by substituting the values of z in equation ( 1), we find the singular solution of the
original equation

y=Be™ .
Where A, B are arbitrary constants .
d
or L p=0
dz
d p_.
dz z ’
this is linear equation [Mohammed, A.H.(2002)] and it has the general solution
p=-z-+cz :
where cis an a arbitrary constant.
2=-7+cz,
where is Bernoulli equation and it has the general solution
ce”
I=—7——,
ce” + A
Also, by using equation ( 1) we get
ceX
———de

y=e (ceX+A) :B(ecx +A) ’
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