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How to use Temimi Transformation for solving L.O.D.E without
using any initial Conditions.
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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.
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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 (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 fis defined function at period (a,b)then the integral transformation for f whose it's symbol

b
F(s)is defined as [k(s,x) f (x)dx
where K(s, x)is function of s and x, and the integral is exist.

Definition 2:-[1]
The AL-Temimi transformation for the function f(x)(x >1) is defined by the following integral:

T{f(X)}= sz f (X)dx = F(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
T{Af (x) + Bg ()} = AT{f (x)}+ BT{g(x)}
where A,B are constants ,the functions f (x), g(x)are defined when x >1 .
See [1].
Now, we’ll give the table for Al- Temimi transformation for some functions

Tablel:Transformation for some functions [1]

x"Inx,neN s>1
(s—(n +1))2
5 sin(aln x) a s>1
(s-1)°%+a°
cos(alnx) s—1 s>1
(s-1°+a’
7 sinh(aln x) a s-1>a
(s-1)*-a’
cosh(aln x) s—1 s-1>a
(s-1)*-a°

From the Temimi definition and the above table, we get

Theorem 1:
If T{f(x)}=F(s)and a is constant, then T{x*f (xX)}=F(s+a). see [1]
Definition 3:
Let f(x)be a function where (x>1) and T{f(x)}=F(s), f(x)is said to be an inverse for the
Temimi transformation and written as: T {F(s)}= f (x), where T
returns the transformation to the original function.
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Property 2:
If T{F(s)}= f,(x),....T{F (s)}=f (x) and a,,...,a, are constants then,

T‘l{aiFl(s)+a2F2(s)+...+anFn(s)}=alfl(x)Jra2 f,(x)+...+a,f (x).

Definition 4:[2]
d n y n-1

Xn

d d
+a1x”ld—n¥+...+an_lxd—y+any: f(x), where a,,...,a, are constants
X X

and f(x) isafunction of x, is called Euler’s equation.

The equation a,x"

Theorem 3:
If the function f(x) is defined for x >1 and its derivatives f® (x), f @ (x),..., f ™ (x) are exist then

TX"FOX)F=—F "D —(s-n)f"2@D)-...—(s—n)(s(n=1)...(s—2) f ) + (s —n)IF(s) 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

n dny n-1 dnily dy

A, X —+aX +...+a, _Xx—+ay=T1f(x) ...(1

0 dxn 1 an—l n-1 dX ny ( ) ( )
Without using any initial conditions, i.e.

y(D),y'@,...,y" (@) are unknown and the Temimi transformation of f(x)is known. To solve
equation(1), we take (T.T) of both sides, we get:

K(s

= KO Q)
(a,s" +a,8" +...+a,)H(s)
Whereas H(s)is a polynomial of s represents denominator of (T.T) of the function f(x) and K(s)is
also a polynomial of s with degree smaller than the degree of the product of

(@,s" +a,s"" +...+a,)and H(s)and not necessary to know the terms of K(s)we only denoted it by

this symbol. Now by taking T of both sides of equation(2), we get the following solution:
y=A0(0)+A09,(X)+...+ A g,(X)+Bh (X) +B,h, (X) +...+B.h, (x)...3)

Whereas A, A,,...,A, and B,,B,,..., B, are constants, the g9,9,,...,0

of x.
The number of the constants B, and the number of the functions h,,i =1,2,...,r are equal to the degree

of H(s)which is supposed to be (r).

and h;,h,,...,h, are functions

n

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 B;,B,,..., B, 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.

Examplel:
To solve the (D.E) xy'+y=16sin(Inx)

By using (T.T) without using any initial conditions, we take (T.T) to both sides of it we get:
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16
—y@+ (s -DT{y}+T{y}= D211
K(s)
TO}= s((s—1)2 +1)
Whereas K(s) has a degree less than three, i.e. less than the degree of denominator and the quantity s
is resulting from xy’ +y and [(s —1)? +1] represents the denominator (T.T) of the function 16sin(In x).
Now, we can write the solution y after taking (T™* .T) to both sides as follows:
Bs+C 3

A
ST AL h
Y { (s-1)%+1

:é+ BcosInx+Jsininx...(4)
X

Where J =B+C
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 B, J , for this we get

y' from equation(4) as follows:

!

y :j—Esin Inx+icoslnx ..(5)

X X X
And after we substitute y,y’ in (D.E) to find the values of B,J we get:
B=-8

J=8
Therefore the general solution is:

y:é—ScosInx+83inInx
X

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

Example2:

To solve the (D.E) x*y” +4xy’'+2y =XxInx
By using (T.T) without using any initial conditions, we take (T.T) to both sides of it we can write:

K(s

T =
s(s+1(s-2)
Whereas K(s) has a degree less than four, i.e. less than the degree of denominator and the quantity
s(s+1) is resulting fromx?y” +4xy'+2y and (s—2) represents the denominator (T.T) of the
function xIn x . Now, we can write the solution y after taking (T™ .T) to both sides as follows:

B C D

- + -+

s+1 s-2 (s-2)

y:T’l{é+
S

-2, B L cx+ Dxinx..(6)
X X

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 constantsC, D, for this we get
y’, y" from equation(6) as follows:

y':__ZA—ZES+C+D+DInx
X X
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y' = 2é + GE4 + b
X X' X
And after we substitute y,y’ and y” in (D.E) to find the values of C,D we get:

c=22
36
1

D=~
6

Therefore the general solution is:

y——+——£x+lxlnx
x x° 36 '
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