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Abstract

The ELzaki transform, whose fundamental properties are presented in this
paper, is little known and not widely used .Here The EL zaki transform used to
solve ordinary differential equation with variable coefficients without
resorting to anew frequency domain
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Introduction
A new integral transform, called the ELzaki transform defined for functions of
exponential order, is proclamed. We Consider function in the set A, defined by

A={T(1): 3M, K and k> 0: [ (D) <Me™ | if te(-1)'x[0.) | @

For agiven function in the setA , the constant M must be finite, while k; and k,
may be infinite, the variable v in the ELzaki transform is used to factor the variable t
in the argument of the function f . specifically, for f (t) inA . The ELzaki transform
is defined by:

E[f(t)]=v[f(t) ¥ adt=T(v) . ve(k.k) @
0
The next theorem very useful in study of differential equations having non-
constants coefficient.

Theorem |
If ELzaki transform of the function f (t) givenby E[f (t)]=T (v),then:
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(i) B[tf (t)]:vZ%FTV)—v f(o)}v{l\/")— f(O)}
(i) B[t '(t)]zv‘*;\'/_zr\(/")-v f (o)}
T(v :

(iv) (i JE[t’f "(t) | =v dv—{ L1 (0)—vf ’(o)}

Pr oof
To Prove (i) we use the following formula

E[tf (t)] :VZ;_VT (V)=VvT (v)

We have

o= 9 Ty X
ET(V)—T (v)_dvéfve f(t)dt

1 ve %t ()dt = [Le
_Ojavve f(t)dt_ojve (tf(t))at

+:je—%f (t)dt = B(tF (1) +E( f (1)

Then we have
d

E(tf (t)):VZWT (V)= VT (v)
Now weput f (t)=f ’(t) wehave
, d

E(tf “(t))=v d—[E(f ‘(1)) ]-v E[f(t)]

:vzi[m-vf (O)}v {m—vf (o)}

av| v \Y
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Now we apply the above theorem to find ELzaki transform for some differential
equations:

Examplel
Solve the differential equation:

y’ +ty’ -y =0 y(0)=0 ,y’(0)=1t>0 3

By using ELzaki transform into equation (3) and the theorem I, we have

E\EZ) -y (0)—w’(o)+v2%{¥—w (0)}—V {Ef/y) -vy (0)}E (y)=0

Using the initial Conditions we get

E'(y)+(v—13—§jE(y):l

Thisis alinear differential equation for unknown functionE , have the Solution in
1
theform E(y)=v*+CVv’e* and C =0, then:
E(y)=v°.

By using the inverse ELzaki transform we obtain the Solution in the form of
y =t

Examplell
Consider the non constant coefficient differential equation in the form of

ty’+(1-2t)y'-2y=0 , y(0)=1 , y(0)=2

By using EL zaki transform and apply the initial condition we have

Ely) 2 2
E(y) v @ 1-2v

2
Y where C is constant

Then we obtain the solution E(y ) = 1

E(y)=T (v)=>T(0)=1
V2
1-2v
By taking inverse EL zaki transform we have:
y =e”

Thentheconstant C =1 and E(y)=
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Examplelll
Consider the following equation:

t?y’+2ty =sinht , y (0)=

NP

(4)

Solution
By taking EL zaki transform of equation (4) we have,

d? [y d _ _
. L vy (0 N2y - Ay =
Y dv? { W )} " dvy Ay

1-v?

Wherethat  y =E[y (t)]
We can write the last equation in the form

\Y} i

35”7 7 2i

VYy = or y =EV
1-v? =

The solution of thisequationis

V2i +2

(2i+1)(2i+2)

y=c+CV +z (5)

Substituting the condition into Eq (5) we get:
2i+2

= v
;‘) 2i +1)(2i +2) ©

By taking inverse ELzaki transform to equation (6) we obtain the solution as
follow,

oo i 1 t2 t4 t6
y=> —t—t—t—+t.....
=0 2I +2 2! 4! 6! 8!

Example IV
Let us consider the differential equation

t’y"+4ty’+2y =12t? (7)

With theinitial conditions:
y (0)=y’(0)=0 ®)

Now we apply EL zaki transform to equation (7) we obtain,
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o

Vv
dv?

V2

{z_y(O)—V}/(O)} + 4\,2%[2_3,(0)}

-4 v[z—vy(o)}+27:24 A
v

By simplifying above equation, we have y”= 24v?
The solution of this equation can be written in the form.

y= 2 v'+C,v+C, (9)
By substituting the initial condition (8) into equation (9) we get,
y= 2v* (10)
By using inverse ELzaki transform for equation (10) we obtain the solution of
equation (7)
y =t
Conclusion

Application of the ELzaki transform to Solution of ordinary differential equation with
variable Coefficients has been demonstrated.
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