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Abstract

In mathematics, physics, and engineering, choosing the most effective and sufficient method for the
integral transform is crucial since solving any given problem requires finding a precise and distinct
solution. Since differential equations are particularly useful for building models in the scientific domain
and ordinary differential equations can be solved in a variety of ways. This paper will use Laplace and
some updated integral transforms such as Elzaki, Shehu, Aboodh, and Shehu transforms to solve
fourth-order ordinary differential equations in order to demonstrate its high accuracy, simplicity, and

efficiency.
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INTRODUCTION

Differential Equations have become essential studies that play a central role in applied
mathematics, physics and engineering. These differential equations are generally difficult to
solve and their exact solution are not easy to get. The exact solution and numerical solutions
of these differential equations play important role in various fields hence, researchers have
developed new methods to obtain analytical solutions that will moderately approximate the
exact solutions. In interest of solving these differential equations, integral transforms have

been largely used. Integral transforms are constructed from the classical Fourier integral
defined by

TIf W] = [;? k (s, v)f (v) dvs

where the function k(s,v) represents the kernel of a transform, and provided the integral exists.
Researchers have introduced new integral transforms such as Laplace, Fourier, Sumudu,
Aboodh, Elzaki and Mellin to mention a few as may be distinguished by carefully selecting
the kernel and the range of v.

Many integral transforms have been used in the past few years to solve differential and
integral equations. The transforms that are most frequently employed in the literature are the
Fourier integral and Laplace transforms. The French mathematician Joseph Fourier was
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named after Fourier integral transform.The definition of the Fourier integral transforms
mathematically is as follows:

TIFO) = f) = INzT | e o de

The Laplace integral transform is defined as

[ee)

LIF@®)] = f(s) = f o5t £(6) dt

and is comparable to the Fourier transform. For the purpose of solving a certain class of
ordinary and partial differential equations, the Laplace transform is incredibly effective. The
Fourier equation can be used to convert the well-known Fourier transform into a Laplace
transform and vice versa by substituting the variables for the variable iw. In 1993, Watugala
introduced a Laplace like integral transform called the Sumudu integral transform. In recent
years, Sumudu transform has been applied to many real life problems because of its scale and
it preserving properties. The Sumudu transform can be defined mathematically as follows

1(* =
SIF©1 =6 = [ €% (e de

0
The Elzaki transform was first introduced in 2011 and is based on the fundamental concepts

of the Laplace and Sumudu integral transforms. The Laplace, Sumudu and natural transforms
are intimately associated with the Elzaki transform and is given as
© —t
FIF@O1 =T = [ expu £ de

0
The Fourier integral serves as the basics for the Aboodh transform. Based on the basic

characteristics of the Aboodh transform and its simplicity in mathematics, Khalid Aboodh
devised the Aboodh transform to speed up the process of solving partial and ordinary
differential equations in the time domain defined by the integral equation

1 [00]
AFO1=kw) =, | F @O de

In order to solve ordinary differential equations, partial differential equations, integral
equations, integro differential equations, partial integro differential equations and delay
differential equations, numerous scholars employed these transforms. As a result of the rapid
development in science and engineering, many other integral transforms have been
developed to deal with this development. However, most of these existing integral transforms
have shortcomings and they cannot be directly used to solve non-linear problems or many
complex mathematical models of high order. Consequently, researchers became interested to
come up with alternative approach to deal with real life problem. In Shehu and Weidong
(2019), Laplace type transform called the Shehu transform which is a generalization of the
Laplace and Sumudu integral transform for solving differential equations was introduced . In
the research work of Katre and Katre (2021), two integral transforms namely Kamal transform
and the very famous Laplace transform were studied comparatively. The application of these
transforms to solve linear difference equations were demonstrated. Elzaki (2011) developed a
new integral transform called Elzaki transform and used it to solve the linear ordinary
differential equations. The results of Elzaki transform were compared with the well known
integral transform the Laplace transform. Gurpreet and Inderdeep (2020) presented a
numerical method based on Laplace transform for solving fourth order ordinary differential
equations. Numerical results showed the accuracy of the proposed method by comparing the
results with exact solutions. Aboodh (2014) developed a new integral transform namely
Aboodh transform which was applied to solve linear ordinary differential equations.
Abdebagy et al (2016) discussed some relationship between the same integral transform and
Elzaki transform. In this study, a comparative study involving Laplace, Sumudu, Aboodh,
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Elzaki and Shehu to solve 4th order ordinary differential equation will be discussed and
analyzed.

MATERIAL AND METHODS

Laplace Transforms (L.T.)
Suppose that fis real or complex valued function of the true variable and s is a real or
complex parameter, we define the Laplace transform of f as

[o0]

F(5)] = LIF(D)] = f oSt (t) dt

0
provided that the integral exists. If F(¢t) = L™*F(s), then the function F(#) is called the inverse

Laplace transform of F(s)

Derivative of Laplace Transform (L.T.)

LIf'1  =SLIf®)]- £(0)

LIf"1  =S2L[f(®)]—Sf(0) — f1(0)

LIF"] = S3L[F(©)] - S?*f(0) — Sf'(0) — £ (0)

L[F*] =S3L[F(e)] —S3f(0) — S2f'(0) — Sf"(0) — f'"'(0)

Elzaki Transform (E.T.)
A new integral transform called the Elazaki transform defined for the functions of exponential

order, we consider functions in the set A
[t]

A=|f(t):IM, K, K, = 0,1f ()| < Me¥i,ift € (—1)/x[0, )
for a given function in the set A. The constant M must be finite number k;, k,
maybe finite or infinite. The Elzaki transform of function f(t) € A denoted by E[f(t)] or T (V)
is defined by the integral equation
o —t
E[f®)]=Tw) = vf expuf(t)dtt=0

0
Derivative of Elzaki Transforms (E.T.)

T
EF© =" vro)
T
EIF"] =12 ) ~of'(0)
T(v) 1
BIF"] = =5 == f0) = £'(0) — vf"(0)

. Twv) 1 1
E[f*] =—3 = fO) = —f"(—f"(0)—vf"(0)

Aboodh Transform(A.T)
Aboodh transform defined for function of exponential order is considered a function in the
set A defined by
A=[f(t):aM, K, K, = 0,|f(t)| < Me™Y]
for a given function in the set A, the constant must be finite number while k;,k, may be
finite or infinite.
The Aboodh transform denoted by the operator A[f(t)] is defined by the integral equation
ALFO)] = K@) = %f eVt F(E)dt t > 0

0
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Derivative of Aboodh Transforms

AY) =a(y)
0
Alay) =a vA(y)—¥
- , 0

AGay") =alvtaG) -2 )—ym)]

1" — [ 3 y”(O) !
Alay™) = a|v AQ) ————y"(0) —vy(0)

. - nr 0 n
Ay =alvrag) -Y 2V yi) - vy(O)]

Sumudu Transform (S.T.)
The Sumudu transform over the set of functions
|t] .
A=F@©)aM kLK, = 0,1F(0)] < Me R, if t € (~1)x[0, oo)]
is defined by the integral

[ee)

SIFO)] = FW) = j et f(wt) dt

0

Derivatives of Sumudu Transform

SIF/(©) GO
y _Gw) fO) f'(0)
sifr@) ===t
G 0 (0
sy = SO SO
; Gw) fO f"(0)
S[f (t)] = Y
Shehu Transform (Sh.T)

The Shehu transform of the function v(t) of exponential order is defined over the set of

function
|¢]

A=|f(®):IM, K, K, = 0,1f(t)] < Me"i,if t € (—1)7x[0, )

by the following integral

©  _st

S[o(®)] = v(s,u) = f e v(t)dt

0
Derivatives of Shehu Transform

Shlv(t)] = wv(s,u)
Shiv'(6)] = %v(s,u) — v(0)
s? s
Shlv" ()] = ?v(s,u) - av(O) —v'(0)
s3 s? s
Sh[v'""(®)] = ﬁv(s,u) - ﬁv(O) - av’(O) —v'(0)
. s* s3 s?
Sh[v“’(t)] = Fv(s,u) - ;v(O) - Fv’(O) —sv""(0)—v""(0)
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TABLE 1 : Some Standard Functions OF L.T., E.-T., A.T.,S.T. and Sh.T.

SIN  F(t) LIf(t)] E[f(t)] Alf(t)] SIf(t)] Slv(t)]
1 1 1 v? 1 1 u
s v2 v
2 eat 1 172 1 1 u
s—a 1—aqv v2 —av 1—au v—au
3 Sinat a avd a ua au?
s2+a? 1y g2p2 v(v2 + a?) 1+ a?u? 2 + a2u?
4 Cosat S v? 1 1 uv
s2+a? 11 azp? 2 + a2 1+ a2u? v2 + a?u?
5 t 1 v3 1 u uj?
s2 v3 [;]
6 cosh(at) S v? 1 1 au?
s?2—a? 1 _g2y2 v2 — g2 1—au?  p2— g2y
7 Sinh(at) a av® a ua uv
s2—a? 1 _gzp2 v(v2 —a?) 1 — a?u? v2 — q?v?

TABLE 2 : Some Standard Inverse Functions OF L.T., E.-T., A.T.,S.T. and Sh.T.

S/N F(t) L] ETF@] AT ] STfF®] Sh7 v ()]
1 1 1 v? 1 1 u
s v2 v
2 et 1 2 1 1 u
s—a 1—av vZ—av 1—au v—au
3 Sinat a av® a ua au?
s2 +a? 1+ a2v2 v(v2 + a?) 1+ a2u? U2+ a2u?
4 Cosat S v? 1 1 uv
2 + a2 1+ a2 2+ a2 1+ a2u? v2 + a?u?
5 t 1 v3 1 u [u]z
s2 v3 v.
6 cosh(at) S v? 1 1 au?
52 —q? 1—azv? v2 — a2 1-a?u? v2 — g2u?
7 Sinh(at) a av? a ua uv
s2 —a? 1—azv? v(v? —a?) 1—a?u? v2 —q2p?
NUMERICAL EXPERIMENT
Example 1

Consider the fourth order ordinary differential equation:

. 1
yv =3y -4y =0, y(0)=1y'(0) =5, y"(0)=0, y"(0)=0
Solution by Laplace Transforms (L.T.)

[S*() = S3(y) = S2(0) — SO — 35”1 = 3[S2 () = SUo) — ¥§] — 4ys =0
5*(5) = 53(1) - 52 () = 5(0) — 0 - 3[5%y, — S 3| - 4y, = 0

2
S3+(S?)—35—1

SZ
S*(ys) =83 =5 —=352(y) +3S+ 1 —4ys =0, theny, = ——5—

Using partial fraction, we get
¥ = (22) + () + (522) . Which will yield
A +2)(S2+ 1)+ B(S — 2)(S2 + 1) + (CS + D)(S% — 4) = S3 + (ﬁ) — 35 — 1. Evaluating,

3
wegetD=i, C=i, A=l, B=-. 50 that
15 5 60 12

7 1 s, 4
— [ s 1z ERET
Ys = (5—2) + <s+2> + <52+1)

Taking inverse Laplace transform, we get
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71 4s, 4
-1 _ 1|60 , 12 . 5 15
Os) S—2 S+2 S$Z+1
e2t 4 L -2t L 2 A
Then, y; = + e "+ cost + _sint

Solution by Elzaki Transform E.T.
Applying Elzaki derivatives on the differential equation, we get

T(‘U) 1 1 / i " ( )
= =3 (0) =~ F(0) = £ (0) — vf "(0) -
Evaluating, we have

_ (B+v—9v?-3v3)
T(V) (1-2v)(1+2v) (3+3v2)
Then using partial fraction method, we obtain
A B Cx+D)

T(v) = v? ( + +
1-2v 1420 ' 3+43v
A1+ 2v)3+3v3)+B(1—-2v)(3+3v3) +Cv+D = 3+v—9v%2—-3v3
Then solving, we have
A=Z,B=—,C=2, D=2
Subst1tut1ng these Values in T(v) and applying inverse Elzaki Transform, we get

w\ [\ [ 1
E(w)=E1 60 + 12 _|_1 S5 5

—vf'(0)|-4T(w) =0

\ 1-2v 1+ 2v 3 3 4+ 3v2

Making use of the inverse functions in table 2, we obtain

E()—7 2t+1 ‘2f+4 t+4 t
v 608 128 15517’1 5COS

Solution by Sumudu Transform (S.T.)
Applying Sumudu derivatives on the differential equation, we have

Gw) f@O f'0) f"(0) G(u) f(o) f (0)

e 3( U2 ) ) - 4(G(u)) =0
Gw) 1 1  Gw) 1 1

Wt s S Tty =0

3+u—9u?-3ud
Then, G(u) = ((1—2u)(1+2u)(3+3u2))
Using partial fraction,we have
GQu) = N B N Cu+D
W 2u T T+ 2u " 3+ 3u2
where A(1 4+ 2v)(3 +3v?) + B(1 —2v)(3 + 3v3) + Cu+ D(1 — 4v?) = 3 +u — 9u? — 3us.

. 7 1 4 12
Upon evaluating we get A = o B=5 (=5, D=—

Apply inverse Sumudu Transform we get,
7 1 v 12

G—l — G—l 60 + 12 + 5 5
() 1-2u " 1+2u 3+ 302

So that, G(t) = %e“ +L e e~ 2t + smt += cost
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Solution by Shehu Transform (Sh.T.)
Applying Shehu derivatives on the differential equation, we have

S* S3 52 S?

e v(s,u) — v(O) —v'(0) —— ”(0) 0z v(u,s) — —v(O) —v'(0) | — 4v(s,u)
=0

S4 §3 152 S2 S

U—Zv(s,u)—mz—gm—Bﬁv(s,u)—35— 12— 4v(s,u) =0

S 15 S

Fvgs ,U) — 3—17(5 u) —4v(s,u) = TEREYI 3 U 1

let —=t

“u

£34+5t24+3t+1
(t=2)(t+2)(t2+1)
Using partial fraction,we get
+ B 4 Ct+D
t—2 t+2 t?+1

7 1 4 4
ndA=—,B=—,C=-,D=—
and 60’ 12’ 5’ 15

Then we have v(s,u) =

v(s,u) =

7/ 1 1/ 1 %H%
0= (=) et e
Recalltz%
v(t):l(L)+i( U >+ YU+

60\s—u/) " 12\s+2U S2 + U2

Apply Inverse Shehu Transform we have,

(t)—7(U>+1(U)+4( SU )+4 U?
v T 60\S —2U 12\S + 2U 5\S82 4+ U2 15\S2 + U2

_ 7 2ty 1 ot 4 4
Therefore, v(t) = o€t Tt cost+

Solution by Aboodh Transform (A.T.)
Applying Aboodh derivatives on the differential equation, we have

y'o, : y'(0)
VAIAG) === y"(0) = Vy'(0) = V?y(0) - 3 (VZA(y) - - y(0)> —4A(y) =0
Making use of the initial condition and solving for A(y), we have
% +V3-1-3V
A(y) =
M=y -pv+mi+ D
Solving by partial fraction, we have
AGy) = 4 B + CV+D
PEVZT vz vt
sothatA=—, B=—,C=>andD = —
60 12 5 15
4 4
A()—l 7( 1 )+1< 1 )+ tV+t1e
oy leo\v—2)T12\r2) T\ vEaa

Taking the inverse we get,

A(t)—7 t+1 ‘2t+4c t+4S t
s0® tt1z R TR
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Example 2
Consider the fourth order differential equation:
y¥ —10y" +9y =0; y(0) =5, y'(0) = -1, y"(0) =21, y"'(0) = —49

Solution by Laplace Transform(L.T.)
Applying Laplace transform derivatives, we have
[S*ys — S3y, — S2y0 — Syo' — ¥0''] — 10[S%ys — Sy — ¥5] +9ys = 0
so that
5583 — 5% —295 -39

BT -3 +3)C-DE+ 1D
Using partial fraction method we have,
_ A 4 B 4 C + D
5= 37543 5-1"5+1
Upon evaluation we getA=0, B=2, C =4 and D = —1.

Then, y, = % + 2 4+ _ L

5-3 S+3 S-1 S+1
Apply inverse Laplace Transform we get,

=)o)

Therefore, y; = 273t + 4et —e™t

Solution by Elzaki Transform (E.T.)
Applying Elzaki transform derivatives, we obtain

L) =) = £ = Vi (©0) = 10 ("2 = £(0) - vf () + 9T (@) = 0
So that
) =v2< 5—v—29v?%—39p3 >
1-3v)A+3v) A1 —-v) A+ v)

Using partial fraction method we have
T()—Z(A + 5 +C+D)

eV I3 T 13 1w 14w
then A=0, B=2, C=4and D =-1.
Substituting these values in T(v), we have
T(v) =v? ( + 2 + i ! )

IV 030 T143v  1-v 14
Applying inverse Elzaki Transform we get,
E(y) =2e7 3 + 4et — et

Solution by Sumudu Transform (S.T.)
Applying Sumudu transform derivatives on the differential equation, we have

Gw) f@O f'(0) f"©O) f"(0) GU) f) f'(0)
Ut Ut Uk U U _10< vz Uz U >+9G(U)_O
where
5—U —29U% — 3903
GU) = ((1 -0NA+0)A -3+ 3U)>

Making use of partial fraction method, we have

GW) = 4 + 5 + ¢ + b
" 1-U 14U 1-3U0 1+3U
Evaluating we have A=4, B= -1, C=0and D=2
4 1 2
So that G(U) = (E_ ot 1+3u)
Then applying inverse Sumudu Transform, we get

G(t)=4et —e bt +2e73¢
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Solution by Shehu Transform (Sh.T.)
Making use of Shehu transform derivatives, we have

54 3 52 ! S n rnr 52 U !

Fv(s,u) —EU(O) —ﬁv (0)—517 —v""(0)—-10 W_EU(O) —v'(0) +9(v(s,u)) =0
S

If = = g then
U

593 —g* —29g — 39

@-3)g+3)(g*-1
Using Partial Fraction Method
f B, P
g—3 g+3 g—1 g+1
then A=0,B=2,C=4and D =-1. Substituting these values, we obtain
4 1
+ +
g+3 g—-1 g+1
Recall g = %, hence

o0 = 2() +4 (=)~ (5575)
e = e vsu) T s —u) T sy
Taking inverse Sumudu we get,

V(t) =2e 3t + 4et —et

v(s,u) =

v(s,u) =

v(s,u) =

Solution by Aboodh Transform
Making use of Aboodh transform derivatives, we have

ylll . ) yI(O)
VEIAQ) =7 =" = Vy'(0) = VZy(0) — 10 [VZA(y) = Y@ +9[Ak] =0

Making use of the initial conditions and simplifying, we have

5V3—-V2—-29V -39
A) = 7 2

V(V*—10VZ+ 9)

Then, using partial fraction method we have,

1 5V3—-V2-29V +39
AD) =+

VAWV =-3)V+3)(V-DIV +1)

A) = 2+ 2+ 5+ 2 Upon solving we obtain A=0,B=2,C=4, D=-1
V-3 V+3 V-1 V+1

Substituting these values, we have A(y) = i (é + ﬁ — ﬁ)

Then taking Inverse we get,
y=2e 3 +4et —e7t

Example 3
Consider this fourth order ordinary differential equation:

yW —5y" =36y =0; y"'(0)=y"(0) =0, y'(0) =y(0) =0

Solution by Laplace Transform (L.T.)
Applying Laplace transform derivatives, we have
S*ys — $3y0 — S%yo = S¥o' — ¥o' — 5(5%ys — Syo —¥5) — 36y5 = 0
Then making use of the initial conditions and simplifying, we obtain
§3+52-55-5
Vs = (52 -9)(5% + 4)
Using Partial Fraction method
A B Cs+D

= + +
S+3 S—-3 S2+4

Vs
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Evaluating we have A = 2 p==,c=2p=2
39 39 13 13
4 8 9 +2 9
— _39 39 13 13
so that, y; = e + + s
Then taking inverse we have,
4 8 9 9

39, 39 135713
s+3 s—3 S?+4

ye=L7"
Therefore, y = e~ + —e3t + = Cos2t + —Sin2t
Solution by Elzaki Transform (E.T)

Applying the derivatives of Elzaki transform on the differential equation and applying the
initial conditions, we have

1+V —-5V2-5V3 1+V —5/2-5V3
T(V) = V? =2
1-5V2—36V* (1—3V)(1+3V)(1 +4V?)
Using partial fraction method we obtain,
a=2p=2 c=2 p=_
3977 39" 7 1377 13

Taking inverse we get,

8 4 9 9
39 ., 39 .13 13

E(WV)=E1| 2
) VA T3y T 143 T 1+ 4v?

8 4 9 . 9
Hence, E(t) = 56315 + ge‘“ + - sin2t + - cos2t

Solution by Sumudu Transform (S.T.)
Applying the derivatives of Sumudu transform on the differential equation, we have

cw) ) f' f”(o)_5<@ fO_r ) 36(G) = 0

ut Ut ud U uzoouUr U
Making use of the initial conditions and simplifying, we get
1+U—-50%-5U3
(1-30)(1+30)(1+4U?%)
Using partial fractions, we obtain
0) A 4 B 4 CU+D
T 1-3U 143U  1+4U?

SothatA=£, B=i, C=—>andD ==
39 39 13 13

By Taking the inverse we get,
8 4 9 9
S—l(G(U)) =5—1 3_9 + 3_9 +1_3V+1_3
1-3U0 143V 1+4V?

GWU) =

Then, y(t) = —e3t + 5@ e 3t + —stt + —cosZt

Solution by Shehu Transform (Sh.T.)

Making use of Sumudu transform derivatives on the differential equation, we have
Svsw) = 5 0(0) = 50/ =SV (0) - v (0] - 5[5V (s, w) - Sv(0) - v (0)] -
36V(s u) = 0

Then applying the initial conditions, given that p = %and simplifying, we obtain

p3 + p —5p—5
VW == 36
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Using partial fraction method we have,

p+p?—-5p—5 A B Cp +D
p*—5p2—36 P—-3 p+3 p2+4

Upon evaluation, we get A = :—9, B = %, C =

1
9 9
_4a(1 8 (1 FELART]
SO that/ V(S; u) - 39 (p_3) + 39 (p+3) + ( P2+4 >

Recall p = %

Taking inverse we get,

Ve )_4( U >+8( U )+9 SU + U?
$W=39\s—30) T39\s+30) T13\ 5% ¥ au2

Hence, V(t) = %e‘” + %CosZt + %SinZt

Solution by Aboodh Transform (A.T)
Making use of Aboodh transform derivatives on the differential equation, we have

nr

Y _yy Y
VEIA) =7 =y = Vy'(0) = V2y(0) - 5 [VZA(y) — 5 (0= y(0)|-364(») =0

Applying the initial conditions and simplifying, we get

1 V3+V?-5V—36
Aly) =~ n
Viw-3)wv+3)(vt4)
Using Partial Fraction we get,
V3+V2-5/-36 A L B 4D
w-3)w+3)(vt4) v—-3 V43 V244

9

Evaluating, we get: 4 = 2 p==,c=2p=2
39 39 13 13

1( 1 8 (1 9 (V+1
o that A) =5 (725) + 55 (723) + 55 (5
then taking the inverse we get,

A7l(y) = %e?’t + 23t 4 %cosZt + %sinZt

49

Example 4
Consider the following differential equation:

Yy —4y" +6y" —4y' +y=0; y(0) =0, y'(0) =1, ¥y"(0) = 0, y"'(0) = 1.

Solution by Laplace Transform

Applying Laplace transform derivatives, we have

Stys + 52— 1+ 4§ — 453y, + 652y, — 6 —4Sys +ys =0

Then making use of the initial conditions and simplifying, we obtain

_§7—45+7
yS - (S _ 1)4_
Using partial fraction we have
A B C D

= 1T -1 -1 T G-

Solving we obtain A=0,B=1,C=-2and D=4
_ 1 2 4 4

PTE-D? - -

Taking inverse we have

L'(y)=L" LI + :
=12 (s-1D3 (s—1*
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Then, y; = tet — t2et +§t3e4

Solution by Elzaki Transform(E.T.)
Applying the derivatives of Elzaki transform on the differential equation we have

T 1 T 0 .
iv) zf(o)_—f 0)— f"(0) —vf () S () A ORS7i 15’2’)

— F(0) —vf"(0) - 4(ﬁ _ vf(0)> T =0

10v 4v
(1 v)z = T aooe

Applying the initial conditions and simplifying, T(v) =

Taking inverse we get,
T1(p) = 71 7v 10v N 4v ]
v) = -
1-v)? (A-v)* (A-v)*
Hence, T~1(t) = 7tet — 5t2et +§t3et

Solution by Sumudu Transform (S.T.)
Making use of the derivatives of Sumudu tranform, we have

Gw) £ f'© 0 0 468 _1©@ _ ro_ 1" e (G(u) _f f’(O)) _
U‘z ) U‘Z ) U3 U2 U U3 U3 U2 U U2 U2 U
G(u f(o
4(22 -y 6wy =0

ot . e 1-4U+7U?
Then applying the initial conditions and simplifying, we get G(u) = U (W)

Using Partial Fraction we obtain,

Ga)=U 1—4U + 7U? _ ( A 4 B 4 C 4 D )
W= a-n* JT"U—vTa—mrTa-un:"a-u*
Solving to getA =0,B=7,C =—10and D = 4
7 10 4w
So that G(u) = o’ U T aos
Then taking inverse we have,

G lU)y=¢6¢71

( 7 u 10 U+ 4U )
(1-0)? 1-0)3 1-m*
Therefore, G(t) = 7tet — 5t2et + §t3et

Solution by Shehu Transform (Sh.T.)
Applying Shehu transform derivatives, we have

%v(s,u) v(O) —=v'(0) - V”(O) V"' (0) - 4( v(s u) — —v(O)—%V’(O)—
%V’(O) -V"0)+6 <ﬁV(s,u) - Ev’(O) - V’(O)) — 4(5 v(s,u) — V(O)) +V(s,u)=0

Let% = t and making use of the initial condition, we have

—4t+7

(t -1
Using Partial fraction method we obtain,
V(s,u) = By P

oo -2 (-1 -
Solving, we obtainA =0,B=1,C=—-2andD =4

2 4

So that V(s,u) = = 1)2 “ e T e

Recall t =5, then
U? 203 4 4U%
-0 -0)3 -0

V(s,u) =

V(s,u) =
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Taking inverse Shehu Transform we get,

2
V(t) = tet — t%et + §t3et

Solution by Aboodh Transform
Making use of Aboodh transform derivatives, we have

] 111(0) "o
hwwy—yv —y%m—vyan—vwm4—4bﬂAwy—y()—yﬂn—Vﬂm
(0 0
+ 6[V2A(y) —y‘E ) —y(O)] —4 [VA(y) —¥ +AG) =0

Applying the initial conditions,

1(V2—-4V +7
Mﬁ=;(———iﬂ

Vv —-1)*
Using Partial Fraction we have,
AQy) = A 4 B 4 c 4 D
YEy AT -2 T w-E " (v - Dt

Solving we get. A=0,B=1,C=-2, D=4 So that

AGy) = 1( 1 2 4 4 )
VEy\wv 2 v T w1

Taking inverse Aboodh Transform we obtain,

2
A(t) =tet —t2et + get

CONCLUSION

This study compares five integral transforms that can be used to solve fourth order ordinary
differential equations. Any integral transform can be used to get results that are comparable
to those achieved with the Laplace transform. These integral transformations are effective and
vibrant. The above modifications turn the problem into an algebraic form, which facilitates
solving.
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