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Abstract : 
Our aim is to apply Temimi transformations to solve linear ordinary differential equations(L.O.D.E) 

with variable coefficients without using any initial conditions. 

 : المستخلص
هدفنا استخدام تحوٌلات التوٍويً فيً  يل الولاياالت التيا يلٍط الخلاٍيط الةتٍااٌيط عات الولاياهلات الوترٍيلخ ضعٍيل الخا يلاط ل يلض  

 ابتدائٍط.
 

 

Introduction : 
     The usual method of Temimi transformation (T.T) to find solutions of linear ordinary differential 

equations with variable coefficients that satisfy some initial conditions is summarized as taking Temimi 

transformation to both sides of differential equation and putting Temimi transformation of general 

solution which is considered as a fraction whose numerator and denominator are polynomials. Then we 

can put it into partial fractions whose number equals to the number of prime factors of denominator 

that contain constants whose number equals to the degree of the polynomial which is in the 

denominator, and the values of these constants depend on coefficients of numerator, that can be 

evaluated by comparison of both sides of last equation, and during constructing system of linear 

equations which can be evaluated by known algebraic methods, and after taking the inverse of Temimi 

transformation ( 1T ) of Temimi transformation we obtain the solution of the differential equation.[1]          

We shall assume that the function that appears on the right side of the equations whose Temimi 

transformation can be determined. In this paper we also use the Temimi transformation to find the 

solution of linear ordinary differential equations but without using any initial conditions. 

 

Basic definitions and concepts 
    In order to make the work is self-contained as possible, we will start by introducing some of the most 

important definitions and concepts that used later in the among of the search. 

 

Definition 1:-[3] 

let f is defined function at period ),( ba then the integral transformation for f  whose it's symbol 

)(sF is defined as 
b

a

dxxfxsk )(),(   

where ),( xsk is function of s  and x , and the integral is exist. 

   

Definition 2:-[1] 

   The AL-Temimi transformation for the function )1)(( xxf  is defined by the following integral: 




 
1

),()()}({ sFdxxfxxfT s  

Such that this integral is convergent, s  is constant. 
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Property 1:  
   The Temimi transformation is characterized by the linear property, that is  

                             )}({)}({)}()({ xgBTxfATxBgxAfT   

where A,B are constants ,the functions )(),( xgxf are defined when 1x  . 

See [1]. 

Now, we’ll give the table for Al- Temimi transformation for some functions  

 

Table1:Transformation for some functions [1] 

 

 

 

From the Temimi definition and the above table, we get  

 

Theorem 1: 

    If )()}({ sFxfT  and a  is constant, then )()}({ asFxfxT a  . see [1] 

Definition 3: 

    Let )(xf be a function where ( 1x ) and )()}({ sFxfT  , )(xf is said to be an inverse for the 

Temimi transformation and written as: )()}({1 xfsFT  , where 1T  

returns the transformation to the original function. 

 

 

 

Regional of 

convergence 

   



 
1

)}({)()( xfTdxxfxsF s

 

 

FUNCTIONS )(, xf  

 

 I D 

1s  

1s

k
 

k ; k =constant 1 

1 ns  

)1(

1

 ns
 

nx , n  2 

1s  
2)1(

1

s
 

xln  3 

1s  
2))1((

1

 ns
 

xxn ln , n  4 

1s  
22)1( as

a


 

)lnsin( xa  5 

1s  
22)1(

1

as

s




 

)lncos( xa  6 

as 1  
22)1( as

a


 

)lnsinh( xa  7 

as 1  
22)1(

1

as

s




 

)lncosh( xa  8 
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Property 2: 

    If )()}({,),()}({ 1

11

1 xfsFTxfsFT nn     and naa ,,1   are constants then, 

)()()()}()()({ 22112211

1 xfaxfaxfasFasFasFaT nnnn   . 

 

Definition 4:[2] 

    The equation )(11

1
1

10 xfya
dx

dy
xa

dx

yd
xa

dx

yd
xa nnn

n
n

n

n
n  


  , where naa ,,0   are constants 

and )(xf  is a function of x , is called Euler’s equation. 

 

Theorem 3: 

   If the function )(xf  is defined for 1x  and its derivatives )(,),(),( )()2()1( xfxfxf n  are exist then 

)()!()1()2())1()(()1()()1()}({ )2()1()( sFnsfsnsnsfnsfxfxT nnnn    see[1]. 

 

How to use Temimi Transformation for solving (L.O.D.E) without using any initial conditions. 
    Suppose the (L.O.D.E) of order (n) with variable coefficients and its general form  

)(11

1
1

10 xfya
dx

dy
xa

dx

yd
xa

dx

yd
xa nnn

n
n

n

n
n  


   …(1) 

Without using any initial conditions, i.e. 

)1(,),1(),1( )1(  nyyy   are unknown and the Temimi transformation of )(xf is known. To solve 

equation(1), we take (T.T) of both sides, we get: 

)()(

)(
}{

1

10 sHasasa

sK
yT

n

nn 


 
 …(2) 

Whereas )(sH is a polynomial of s  represents denominator of (T.T) of the function )(xf  and )(sK is 

also a polynomial of s  with degree smaller than the degree of the product of 

)( 1

10 n

nn asasa    and )(sH and not necessary to know the terms of )(sK we only denoted it by 

this symbol. Now by taking  1T  of both sides of equation(2), we get the following solution: 

)()()()()()( 22112211 xhBxhBxhBxgAxgAxgAy rrnn   …(3) 

 

Whereas nAAA ,,, 21   and rBBB ,,, 21  are constants, the nggg ,,21   and rhhh ,,, 21   are functions 

of x . 

The number of the constants iB  and the number of the functions rihi ,,2,1,   are equal to the degree 

of )(sH which is supposed to be )(r . 

 

Note that the order of equation(1) is (n), therefore its general solution contains (n) constants, but the 

solution in (3) contains (n+r) constants and to solve this problem we can eliminate some of these 

constants rBBB ,,, 21   whose values obtaining by substituting the solution (3) in equation(1), so we 

get a solution contains (n) constants (as unknown) as the require solution. By this method we get the 

general solution of equation(1) without using any initial conditions by using Temimi transformation.  

 

Example1:  

   To solve the (D.E)  )sin(ln16 xyyx   

By using (T.T) without using any initial conditions, we take (T.T) to both sides of it we get: 
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1)1(

16
}{}{)1()1(

2 


s
yTyTsy  

)1)1((

)(
}{

2 


ss

sK
yT  

Whereas )(sK  has a degree less than three, i.e. less than the degree of denominator and the quantity s  

is resulting from yyx   and ]1)1[( 2 s  represents the denominator (T.T) of the function )sin(ln16 x . 

Now, we can write the solution y after taking (T
-1

 .T) to both sides as follows: 

}
1)1(

{
2

1




 

s

CBs

s

A
Ty   

    xJxB
x

A
lnsinlncos  …(4)  

Where CBJ    

The given equation is of order one, so the general solution must contain only one constant while 

equation(4) contains three constants, therefore, we should eliminate the constants JB, , for this we get 

y from equation(4) as follows:  

x
x

J
x

x

B

x

A
y lncoslnsin 


  …(5) 

And after we substitute yy ,  in (D.E) to find the values of JB,  we get: 

8

8





J

B
 

Therefore the general solution is: 

xx
x

A
y lnsin8lncos8   

This solution contains only one constant A  equal to the order of (D.E). 

 

Example2:  

   To solve the (D.E)  xxyyxyx ln242   

By using (T.T) without using any initial conditions, we take (T.T) to both sides of it we can write: 

2)2)(1(

)(
}{




sss

sK
yT  

Whereas )(sK  has a degree less than four, i.e. less than the degree of denominator and the quantity 

)1( ss  is resulting from yyxyx 242   and 2)2( s  represents the denominator (T.T) of the 

function xx ln . Now, we can write the solution y after taking (T
-1

 .T) to both sides as follows: 

}
)2(21

{
2

1








 

s

D

s

C

s

B

s

A
Ty   

    xDxCx
x

B

x

A
ln

2
 …(6)  

The given equation is of order two, so the general solution must contain only two constants while 

equation(6) contains four constants, therefore, we should eliminate the constants DC, , for this we get 

yy , from equation(6) as follows:  

xDDC
x

B

x

A
y ln2

32



   
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x

D

x

B

x

A
y 

4
62  

And after we substitute yy ,  and y   in (D.E) to find the values of DC,  we get: 

6

1

36

5






D

C

 

Therefore the general solution is: 

xxx
x

B

x

A
y ln

6

1

36

5
2

 . 
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