JOURNAL OF CLINICAL CASE STUDIES, REVIEWS & REPORTS

Research Article

&\ csx

Innovative and Creative ideas of Mr. Mohammadreza Akbari in Analytically
Solving Nonlinear Differential Equations in Engineering Fields and Challenging
Existing Methods in the World

M R Akbari'*, Sara Akbari? and Esmaeil Kalantari®

“'Department of Civil Engineering and Chemical Engineering, Germany.

Volume 2 | issue 8

’Department of Pharmaceutical Technical Assistant, Dr. Kurt Blindow Vocational School, Germany
‘Department of Chemical Engineering, University of Germany .

“Corresponding Author: M R Akbari, Department of Civil Engineering and Chemical Engineering, Germany.

Submitted: 26 July 2024 Accepted: 31 July 2024 Published: 05 Aug 2024

Citation: M R Akbari, Sara Akbari and Esmaeil Kalantari (2024). Innovative and Creative ideas of Mr. Mohammadreza Akbari in

Analytically Solving Nonlinear Differential Equations in Engineering Fields and Challenging Existing Methods in the World . J of Clin
Case Stu, Reviews & Reports 2(8), 1-27.

Abstract

In this article, we want to challenge many difficult scientific problems in engineering and physics with the creative method of
Mr. Mohammad Reza Akbari, which many scientists have difficulty solving or have not been able to solve many such nonlinear
problems analytically. In fact, this article is an exponential power against other old methods for the analytical solution of nonlinear
differential equations, as well as introducing these innovations to students around the world who can use these creative ideas in
the design of difficult engineering problems in the near all scientists know, the behavior of most phenomena (God's creations in the
universe) in practical projects are non-linear, and these phenomena follow non-linear partial differential equations, the solution

of which is a problem for scientists. it can be said that the analytical solution of many such differential equations is impossible and
is a challenge for engineering and physics research are many non-linear differential equations in various fields of engineering and
physics that remain unsolved and few scientists have been able to analyze some of them (a list of such equations can be found on

Google).In this article, we want to prove that it is possible to solve any type of very complex nonlinear differential equation with

the new innovative methods of Mr. Mohammad Reza Akbari and to present this kind of applied equations to the world through

analytical solution, that these new innovations of Mr. Mohammadreza Akbari can move the boundaries of non-linear sciences,

and these ideas can be easily and flexibly available to scientists in various fields of engineering and basic example, until now, no

method in the world has been able to solve nonlinear differential equations in terms of constant coefficients (C1, C2,...) (that is,

without boundary conditions or initial conditions). As a result, one of the "beauty of analytical solution" for nonlinear differentials

is the general solution of differential equations (without initial and boundary conditions). One of the biggest problems of solving
old methods (such as HPM, ADM, VIM, DTM) is in this regard. Mohammadreza Akbari's new creative and innovative methods

can provide a "general solution" to all kinds of complex nonlinear differential equations.

Keywords: New Approaches, Innovations of M R Akbari, Nonlinear D.E (ode, pde), Analytical Solutions, General Solution,
Integral.

Introduction scientific competitions, innovative solutions and ideas that first

In this article, the power and efficiency of Mr. Mohammad Reza
Akbari's innovative methods are shown compared to the existing
methods in academic and research societies.

In this article, we want to prove that with innovative and flexi-
ble ideas and methods, it is possible to create change and trans-
formation in the field of nonlinear differential equations for the
world. Also, the use of innovative ideas can solve the concerns
of researchers and scientists in the analytical solution of nonlin-
ear differential equations. Everyone knows that in international

have high accuracy, secondly have a simple algorithm and flexi-
bility in analyzing non-linear problems, and thirdly are practical,
have usually won the field. As a result of presenting this arti-
cle, with the creative solutions Mr. Mohammad Reza Akbari has
devised from 2014 to 2024, they can easily meet the scientific
needs of researchers. And I hope that these powerful new meth-
ods that I have created will not be put to unconventional use for
users in the world and will be used in a peaceful way.The inno-
vative methods I have created are called with abbreviation 1-15.
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Mathematical Formulation of The Problem
We consider a few complicated examples in nonlinear differential equations (Pde and Ode) and integral to
represent engineering field and basic science problems.

i) Analytical solution of nonlinear partial differential equations (PDE) by MrAM method
( Mohammadreza Akbari Method )

Example 1
We consider a Vibration Dynamic nonlinear of partial differential equation as a nonlinear
phenomenon in the engineering field and basic sciences as follows:

0’u 0*u 0%u 4
5 to o +e — +Pu=0

or ax ax )
The boundary and initial conditions are:

u(0,1) =0,ux(0, t)=0, u (L, t)=0
u (0,6)=0,u(x,0)=4,u(x,0)=8B

)
Mr AM Solution Process ( Mohammadreza Akbari Method )
Output of the solution process by new approach Mr AM (Mohammadreza Akbari Method ) for nonlinear

differential equation Eq.(1) and according to the boundaries and initials conditions Eq.(2) ,the solution of

the differential equation is obtained as follows:
o4 0? 4
u(x,t) =-0{a \‘I:+e \L’+B\|I + v
ox ox (3)

The analytical solution of Eq.(3) in the MrAM method is obtained in terms of time and space functions as

follows:

W=-2(0¢ 5 ¢ = 5 (3L —2)(L—x)

“4)
1894 1
= COS
1914 288812
x / 1.2 x 10743L*B — 94818816L2%c + 19911951360 ¢
(5)
The following values have been used for the physical parameters of this problem of Egs.(3-5)as:
o=03pB:=01;€:=02;L:=1;4:=05B:=0 6)
By substituting the physical values Eq.(6) in the resulting Eqgs.(3-5) as:
1
u(x,t)=7x2 (3—2x) (1—x) x
{-3.825 cos(8.3286 1) *x® (3 — 2.x)*(1 — x)*
— 0.995 cos(8.33¢)(3 — 2 x) (1 — x) + 3.99cos(8.33 ¢) x (1
—x) + 1.99 cos(8.33¢) x (3 — 2 x) — 1.99 cos(8.33 1) x?}
+ 2.487 cos(8.33 1)x?(3 — 2 x) (1 — x) o

JOURNAL OF CLINICAL CASE STUDIES, REVIEWS AND REPORTS Page 2 of 27



Graphs of Tet equation in 3D coordinates as well as contour graphs shown below:
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Figs.1. 3D charts and contour plots by MrAM and Numerical solution.

The time diagram of Eq.(7) is shown below in time t=2sec as:
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Figure 2: Time chart for t=2sec.

We compare solution of Mr AM method of Eq.(5) with the numerical method (Runge-Kutte 4th) , as
shown below:

40
4 30_
i A dZ(r) ]
Z(t) 2 dr 20
2 101
0] 2 &4 o
=7 3 Z(1) =101 : -
_2 o 20_
“8 - 30,
= - 40/
|— MrAM method = = Numel‘icall |— MrAM method = = Numericall |_ MrAM method ®* * Numerical
Figure 3: A comparison between MrAM and Numerical solution.
Example 2
Consider the following 3-dimensional nonlinear sixth-order PDE an we solve by AYM method:
ou ( 02u R2u R2u ] [ 0%u 06u 061 ]
ar % a2 T 02 F 072 =1 axs 90 + 9 z6 1
0du 0du 0du ] 5
+B Py + 2 + Py +uur , wu=u(x,yzt)
Where the boundary and initial conditions can be expressed as:
u(“ LX) ) =0 u(asyaz’ ) O’Mxx(o’y’z,t)=0,uxx(asy,zat)=0
( x, 0,z ) 0u(x’ 5 Oy )=0’u (xaoszat)=0auyy(xab’zat)=0 o)
(x,y,ﬂ t) 0, u(x,z’ce ) 0, ” (xayso t) Oauyy(x’y,c,t)=0
u(x,y3z0)= Uy
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Using the AYM method and based on the eigenvalue function of ¢(xy,z)=

Asin ( " ) sin (mb y) sin (p ) an analytical solution of eq.(1) can be obtained as:

u(x,y,zt 2 z 2 Asm( n1:x )sin[ mbny jsin( p:z ]

n2 3
vyt
-yt 64Ant e o
x exp| —— - LambertW L

0 b g 27nmpn’

Where the parameter A,  and the rest of the physical parameters involved in the presented solution are

defined as follows:

A= 1 (= ()= (1P (—ym
T npm 4

+ (_1)m+p_|_ (_1)n+p_ (_1)m+n+p]

Y=n a6b6np + nt af nm + n® nb6c6n
- a6b6Bc2p —nzaﬁbzﬁc m* —n*Batb®Sn
+ a® o b ¢t p? + ab 0 b* S m? + n? o a® B0

a=1b=2,c=1,a=-0.9,=0.1,n=0.01,1=0.02,u,=1

Figure 2.13 shows the variation of the obtained analytical solution at different time values for u(x), u(y)

and u(z) in the following form:

u(y)

Wb wuwdhJdov

u(x)

N

O -

O.-uu..:-mm«.)m
s AN

X; method

’.ML-‘J\G\\J(TJ
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Figure 1: The effect of different time values on the obtained analytical solution for u(x) at y=0.6, z=0.2

and for u(y) at x=0.2 and z=0.6 and for u(z) at x=0.2 and y=0.6 by AYM method.

JOURNAL OF CLINICAL CASE STUDIES, REVIEWS AND REPORTS Page 4 of 27



Figure 2.14: Time evolution of the obtained analytical solution as a function of time using u(t) at

x=0.2,y=0.6, and z=0.6.
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Figure 2.15: The 3D charts resulted from the presented problem's analytical solution using the AYM

method. The functions u(x,y), u(x,z) and u(y,z) have been depicted at t=1sec.

Example 3
We consider a nonlinear partial differential equation for Heat transfer as a nonlinear phenomenon in

the engineering field and basic sciences in the coordinates of the Spherical as follows:

ou o0 0 (> Ou 2 ou
or + 2 ox (xuax)—lrsu +nuax 0
)]
The boundary and initial conditions are:
ux(O, t)=ul ,u(L,t)=u2,u(x,0)=uo @

Mr AM solution process (Mohammadreza Akbari Method )
Output of the solution process by new approach Mr AM (Mohammadreza Akbari Method ) for
nonlinear differential equation Eq.(1) and according to the boundaries and initials conditions Eq.(2) ,the

solution of the differential equation is obtained as follows:

u(x,t) =0f(y) +vy 3)

The analytical solution of Eq.(3) in the Mr AM method is obtained in terms of time and space functions

as follows:
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Y = (xZ—LZ) Z(t) +u2—ul(L— x) (4)

-1 (2 (a 1 ( gy \? 9
o= [ (5o R ey

o X L ol ®)
5

Z(t) = ?kzzuze — 1050 L +
J A tan ! 112L? arctan ? (8L% — 35nL — 2800.)

11212 [A
+5¢y A] —840a]

(6)
A = 3584L%* + 7840L3ne + 62720 L*a € — 11025L%n>
— 176400Larm — 7056000 @

I'=21%(48L% — 35n L — 2800) )

The following values have been used for the physical parameters of this problem of Egs.(3-8)as:

o:=-05¢e:=0.6;L:=1;n:=-02;ul := 0;u2 := 105 u0 := 20 )

By  substituting the  physical values Eq.(9) in the resulting Eqgs.(4-8) as:

u(x, t) = 1.817 + 8.1826 x* — 6.56232 i tan( -0.789i

+20.601it) + 6.5623i tan( -0.789i + 20.601 i t)x” 10

Graphs of time u(t) equation in 3D coordinates as well as contour graphs shown below:
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Figs.4. contour plots by MrAM and time function u(t).

We compare solution of Mr AM method of Eq.(6) with the numerical method (Runge-Kutte 4th) for

t=1sec , as shown below:
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Figs.5.A comparison between Mr AM and Numerical solution for t=1sec.

ii) Analytical solution nonlinear differential equations for Fractional Calculus by I am or IAM”’
method ( Integral Akbari Method )

Example 1

We consider 2 nonlinear differential equations (ODE , PDE) for Fractional Calculus as follows:

1/2u du .
2 =pu-, -+ esin(Pu)

1. o0de :
(1

And boundary conditions as:

bc: u(0)=ul , u(L)=u2 (2)

dl/z

dt

u_, du du 2
7, =B + € +nNu

2
ox dx 3)

2.pde :

And boundary conditions as:
bejic: u(0,¢t)=ul , u(L,t) =u2, u(x,0) =uo )

1.ode: The answer nonlinear differential equation by IAM as follows:

u(x)=1 —ﬁ;{ SBncosE—: cos

+EB1tsian
2m

sinl3+2£[3nc0s[% (91t—4x))

f (18n—5x)) + eBmcos B —3u}
T

+ {0.012 B £ cos’p + 0.012 B € sin’p

+ 0.024 B e cos(0.12 B) + 0.024 B € cos(0.45 B)
+0.012 B e cos(B) -0.0114 p — 0.16}x

+28Bnc0s( ”

6]
By selecting physical values as:

B=3,8=_0.8, u=1.5,L=27C (6)
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The obtained analytical solution can be compared with numerical results, as shown:
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Fig.1. A comparison between IAM and Numerical solution.

2.pde: The answer nonlinear differential equation by IAM as follows:

3tx

u(x,t) = Vx {7\.[81’]7‘5 — 4B T — 6m nx] cos

2/

3
+7u[8n11:7u—4en2—811]sin X

+ 7\.[41“1 -4t x

— 2B 7 Jeos(mx) — A[2n°e + 4m ] sin(7 x)

+41tn?\.zsin(21tx) —2Bln3+4nnh+5nx—8n}

- (24.74BA — 7.875eX + 0.7 A-7.09 A” + 1
_Br? e

2
~0.8463M) x + 1 , A=e F
(7

By selecting physical values as:

B=0.7,m=02,¢e=01,ul=1u2=0,u0=1,L=1

The Obtained Analytical Solution Can Be Compared with Numerical Results, As Shown

01 02 03 04 05 06 07 08 09

|[—— r4as

numerical I

Fig.2. A comparison between IAM and Numerical solution.
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iii) Analytical solution of vibrational nonlinear differential equations (ODE) by LAM method
( Linearize Akbari Method )

Example 1
We Consider a Vibration Nonlinear Differential Equation as A Nonlinear Phenomenon in The

Engineering Field and Basic Sciences as Follows:

The boundary and initial conditions are:

u(0)=4,u'(0) =8B Q)

LAM Solution Process ( Linearize Akbari Method )
Output of the solution process by new approach LAM (Linearize Akbari Method ) for nonlinear
differential equation Eq.(1) and according to the boundaries and initials conditions Eq.(2) ,the solution of

the differential equation is obtained as follows:

(9pPp—18pPiw)t

(A + 18id pPw e 18pP

1
u(t) =T
36pti o
(9pPu+18pPiw)t
~(A—18idpPw)e 1877

3)
Parameters Eq.(3) are:

A=94p”pn — 18Bp* )
And vibration Frequency as follows:

1

0= (\/ 100°p? — 81p2Pp? — 3240 p — 648 fp” T 1 + 324 prP )

18pP (5)
The following values have been used for the physical parameters of this problem of Eqgs.(3-5)as:
o:=05p:=07u:=044:=035B:=0.2 (6)
By substituting the physical values Eq.(6) in the resulting Eqgs.(3-5) as:

u(t) = 0.35¢ **%cos(0.689 ¢) + 0.4 ¢ ***5in(0.689¢) )

®=0.689 R/ sec )

We compare solution of LAM method of Eq.(5) with the numerical method (Runge-Kutte 4th) , as shown

below:
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ult)

Figure 1: Comparison Between LAM and Numerical solution.

Example 2
We Consider a Vibration Nonlinear Differential Equation as A Nonlinear Phenomenon in The
Engineering Field and Basic Sciences As Follows:
i+ sin(ou) +Bu’ +psin(Qx) =0 )
The boundary and initial conditions are:
u(0)=A4,u'(0)=8 2)
LAM solution process ( Linearize Akbari Method )
Output of the solution process by new approach LAM (Linearize Akbari Method ) for nonlinear
differential equation Eq.(1) and according to the boundaries and initials conditions Eq.(2) ,the solution of
the differential equation is obtained as follows:
1
u(t)=——(By +162pQ p”)sin(w 1) +
oy
162
Acos(ot) — ——p usin(Q ¢)
v

3)
Parameters Eq.(3) are:
v =-50p" + 162Q%" + 1620, p” + 324B p — 162 @
And vibration Frequency as follows:
o= 11—8/ 10 o — 32400 — 6488 p P 1 + 324B p 7 5

The following values have been used for the physical parameters of this problem of Eqgs.(3-5)as:

o :=-0.5;p :=-0.1; u :=-0.6;
Q:=32;4:=015;B:=01;p = 4

(6)
By Substituting the Physical Values Eq.(6) in the resulting Egs.(3-5) as:
u(t) =-0.13748 5in(0.7063 x) + 0.15 cos(0.7063 x) + 0.0616 sin(3.2 x) )
®=0.7063 R / sec )
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By Substituting the Physical Values Eq.(6) in the resulting Eqgs.(3-5) as:
u(t) =-0.13748 5in(0.7063 x) + 0.15 cos(0.7063 x) + 0.0616 sin(3.2 x) 7

®=0.7063 R / sec )

We Compare Solution of LAM Method of Eq.(5) With the Numerical Method (Runge-Kutte 4th) , as
shown below:

"L arm " merod
I arm "' rretod 3 Numerical

Negrrrerical
>
0.2 A
() e _\ dr
=] 1 15 2
Tt

LO
e

I— LANM method = = Numerical I I_ LAM method = = Nlil'llf.‘l'it‘ﬂll

Figure 2: Comparison Between LAM and Numerical Solution.

Wearzrericel

I_ LANML. phase planes = - Nnmel‘icall

Figure 3: Comparison Between LAM and Numerical Solution for Phase Plans .

iv) Analytical Solution of Complicated Nonlinear Differential Equations (Ode) by Mohammadreza

Akbari's Innovative Creative Methods

Example 3
We Consider a Complicated Nonlinear Differential Equation as a Nonlinear Phenomenon in the

Engineering Field and Basic Sciences as Follows:
" 2 3 |
u"'=¢usin(Pu') 0

The Boundary Conditions Are
u(0)=ul,u(L)=u2,u'(0) =u3 2

We analytically solve this non-linear differential equation with ten innovative methods of Mohammad

Reza Akbari and measure the output of these methods by comparing the numerical method.
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1. AGM Solution Process ( Akbari Ganji Method )

Output of the solution process by approach AGM for nonlinear differential equation Eq.(1) and

according to the boundary conditions Eq.(2) as follows: of the differential equation is obtained as follows:

4. .
€ x*sinf € X3sinp 1 )
u(x)=- YT p ~ s (L3 £ sinp + 8L + 8)x?
+x+1 3)
; M
u(x) 0.6 AGM
& 0.5 1 1.5 3

x

Figure 4: A Comparison Between AGM and Numerical Solution.

2. ASM solution process ( Akbari Sara Method )

Output of the solution process by approach ASM for nonlinear differential equation Eq.(1) and according

to the boundary conditions Eq.(2) as follows: of the differential equation is obtained as follows:

1
u(x) = %ulz sin(B u3) — — (e ul’sin(B u3)L* + 6Lu3

+ 6ul — 6u2)x* + u3x + ul @

Figure 5: A Comparison Between ASM and Numerical Solution.

3. AYM Solution Process ( Akbari Yasna Method )

Output of the solution process by approach AYM for nonlinear differential equation Eq.(1) and

according to the boundary conditions Eq.(2) as follows:of the differential equation is obtained as follows:

1 1
u(x)=ul + u3dx + > ¥+ o € ul’sin(P u3) »3
-1

Y= ?{6u3L + eul*sin(Bu3) L3+ 6ul — 6u2}
(%)
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Figure 6: A Comparison Between AYM and Numerical solution.

4. AKLM Solution Process ( Akbari Kalantari Leila Method )
Output of the solution process by approach AKLM for nonlinear differential equation Eq.(1) and

according to the boundary conditions Eq.(2) as follows: of the differential equation is obtained as follows:

1
u(x) =~ sin(B)a® + — (e L3sin(B) — 6 — 6L) 22 + x + 1
6 6L% ©
1 /’___
go_sz AKENT
O
9] 0.5 1 e .

Figure 7: A Comparison Between AKLLM and Numerical Solution.

5. MR.AM solution process ( Mohammad Reza Akbari Method )
Output of the solution process by approach MR.AM for nonlinear differential equation Eq.(1) and

according to the boundary conditions Eq.(2) as follows: of the differential equation is obtained as follows:

u(x) = % sin(B)x® — é(aﬂ”sinﬁ) +6L+6)x2 +x+1

(7

Figure 8: A Comparison Between MR.AM and Numerical Solution.

6. IAM solution process ( Integral Akbari Method )
Output of the solution process by approach IAM for nonlinear differential equation Eq.(1) and according

to the boundary conditions Eq.(2) as follows: of the differential equation is obtained as follows:
1 £ £
u(x) = Tx3[7sm([3) + 5 (A+x+ 1)2 sin(Ax + B))
1 2
— —(el’sinf+8+8L)x* +x+1, A=—(L+ 1)~

8L2 LZ
(8)
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Figure 9: A Comparison Between IAM and Numerical Solution.

7. WoLF-a solution process ( Woman life Freedom-akbari Method )
Output of the solution process by approach WoLF-a for nonlinear differential equation Eq.(1) and

according to the boundary conditions Eq.(2) as follows: of the differential equation is obtained as follows:

£ 1 2P
= —3 i _— 2 3 1 2 - —
u(x) 6 X sinp + 54 | 26 (L +2)sin B o (L + 1)ecosP x4
1
— 12L — L2Be(L + 1)cosP +12)x2 +x + 1
1212 ( )
)
1 -
g WoLF
0.
0.5 L 1.5 2

Figure 10: A Comparison Between WoLF-a and Numerical Solution.

8. SYM Solution Process ( Sara Yasna Method )
Output of the solution process by approach SYM for nonlinear differential equation Eq.(1) and according
to the boundary conditions Eq.(2) as follows:of the differential equation is obtained as follows:

(L —x)

1
2,20 in—— 2 2 2\ ..
18012 [ansm2 B + 4L2%e(L? + L x + x*)sinP

u(x)=

— 480Lx — 480L — 480x}

(10)

Figure 11: A Comparison Between SYM and Numerical Solution.

9. AXxM Solution Process ( Akbari x Method )
Output of the solution process by approach AxM for nonlinear differential equation Eq.(1) and according

to the boundary conditions Eq.(2) as follows: of the differential equation is obtained as follows:
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1

u(x)=— 24 12 (L — x)(x% L3in(B) + x*L*e sin(B)

-24Lx — 24 L — 24 x)

an

Figure 12: A comparison between AxM and Numerical solution.

10. Mr AM solution process ( Mohammadreza Akbari Method )
Output of the solution process by approach Mr AM for nonlinear differential equation Eq.(1) and

according to the boundary conditions Eq.(2) as follows: of the differential equation is obtained as follows:

1
u(x) = %kzsin[ﬁ%]ﬁ — F (£L3k2sin[ﬁ %) + 6L
2

F62+x+1 ,k=1+x—%(L+1)
(12)

1 My AN
u(x) o 54
O
0.5 1 1.5 2
=

Figure 13: A Comparison Between Mr AM and Numerical solution.

v) General parametric analytical solution of complicated nonlinear differential equations by
Mohammadreza Akbari's innovative creative methods

It is noteworthy that until now, no algorithm in the world has been able to solve general nonlinear
differential equations in terms of constant coefficients ( C1, C2,...) , (without boundary conditions and
initial conditions).As a result, one of the "beauty of analytical solution" for nonlinear differentials is the
general solution of differential equations (without initial and boundary conditions).One of the biggest
problems of old methods (such as HPM, ADM, VIM, DTM) is that they cannot solve equations without
boundary conditions. It is an advantage that Mohammadreza Akbari's new creative and innovative

methods can answer all kinds of complex nonlinear differential equations as a "general solution".
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Examplel

Solutions by LAM method
We Consider a Complicated Vibration Nonlinear Differential Equation as Follows:
it=PBsin(it) + eu? (1)
General parametric analytical solution by LAM method as:

(y + 157B)t _ (y —157B)¢t
u(t)y=Cle * 102 ¥ )
v=p" ] 246498%% + 209952¢ p” T ! — 104976p"c 3)

Here, Eq.(2) is the general solution of non-linear differential Eq.(1), which can be easily calculated by

applying the boundary conditions for the constants of C1 and C2.

Applying the initial conditions for computing constant coefficients ( C1, C2) as follows:
u(0)=A4A,u(0)=8B (4)
By applying the initial conditions, the coefficients C1, C3 are easily calculated. After calculating and by

substituting in Eq.(2), the analytical answer of the differential equation is obtained.

The Following Values Have Been Used for The Physical Parameters in The Dynamical Vibration
As

A=07B:=02¢€:=-05p=-04;p=1 5)

We can compare solution of LAM method of Egs.(2-4) with the numerical method (Runge-Kutte 4th) as

shown below:
0.2 LAM metod 0.2
0.7 Numerical - LAM d
: dii meto
{;JM H?&’It;d Numerical
0.5 Numerica

u(t) e T

0.3 0.1 03 05 07
u(t)
0.1

-0.1

Figure 1: A comparison between LAM and Numerical solution

JOURNAL OF CLINICAL CASE STUDIES, REVIEWS AND REPORTS Page 16 of 27



Example2
Solutions by LAM and method

We consider a complicated nonlinear differential equation as follows:

u"=o utu® + B u?

@)
General parametric analytical solution by LAM method as:
(y +apP)x _(v—apP)x
P P
u(x)=Cle ™" 4 c2e PP )
v =\/ o*p? + 109350 p¥ + 911250008 p? *1 -455625008 p? 3)

Here, Eq.(2) is the general solution of non-linear differential Eq.(1), which can be easily calculated by
applying the boundary conditions for the constants of C1 and C2. Applying the initial conditions for
computing constant coefficients ( C1, and C2) as follows:

u(0)=ul ,u(L)=u2 (4)

By applying the initial conditions, the coefficients C1, and C2 are easily calculated. After calculating and
by substituting in Eq.(2), the analytical answer of the differential equation is obtained.

The Following Values Have Been Used for The Physical Parameters As:

L:=80:=02p:=05ul =1u2:=0p=1 (5)

After calculating the constant coefficients, we can compare of solution of LAM method of Egs.(2) and

according to Egs.(3,5) with the numerical method (Runge-Kutte 4th) as shown below:

1 X
2 5
0.81 LAM metod g - 2 :'l S i 2
- 0.6 Numerical -0.11
u(x ]
0.41 1 -03 LAM metod
0.2 o . Numerical
— df 1
0 : -0.51
b 7 8 1
x -0.7

Figure 2: A Comparison Between Lam Methods and Numerical Solution.

Example3
Solutions by Mr AM Method

We Consider a Complicated Partial Nonlinear Differential Equation as Follows:

u _Pu g O 2
a gl Mox 0
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General Analytical Solution of Complicated Partial Differential Equation by Mr Am Method As:
_10(BL+3m)¢

2 313
B Sx”e (BL + 3n)
u(x, 1) =- _10(BL+3m)¢ X

3
3al’e 3L — 10LCof8 — 30Con

[B(Cx+C)+nG+ a(Gx+ )+ 0+
()

Here, Eq.(2) is the general solution of partial non-linear differential Eq.(1), which can be easily calculated

by applying the boundary conditions for the constants of C1, C2 and CO0.

Example4
Solutions by AGM Method

We consider a complicated set of nonlinear differential equation as follows:

u =0cv2p
XX

V.= B‘{/ cos(u2 + vz)

sin ( uux)

(1
Strategy of General Parametric Analytical Solution by AGM Method as:
o A1x3 ey
u(x)= W sm(C1 Cz) {cos(C1 Cz) x
"[sin(C; G,) @ A1C, + cos(C, G4, C; +
2 sin(C1 Cz)pAz} + %xza Ailz/m +xC,+ (|
2

_ < q 2 2
v(x)=- 3 cos(Ai N Cf) B cos(A1 + C1) x

(A4; 4, + €, Gy)sin( 47 + C]) + %xzﬁ Y/ cos(47 + €F)

+xA4,+ 4, 3

Here, Egs.(2,3) is the general solution of non-linear differential Eq.(1), we can easily calculate by

applying the boundary conditions for the constants of C1,C2 and A1 and A2.
Example5

Solutions by Mr AM and AGM methods

We Consider a Complicated Nonlinear Differential Equation as Follows
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u""=cos(Pu!)

(M
General Parametric Analytical Solution by Mram and Agm Method As
___B , 5
e =159 C¥(1+ CG;)C,!sin(BC )X +
L cos(BC,1)x* + Co + Cp + Cx + C
24 cos(B ! )x X X X |
2

4
. 3 2
Mpgan= g €0S{B (Cp’ + G + Cpe + G, )1}
+Cx’ + P+ Ce + €,
3)
Here, Eqs.(2,3) is the general solution of non-linear differential Eq.(1), we can calculate by applying the

boundary conditions for the constants of C1,C2,C3 and C4.

vi) Analytical solution of wave differential equations

Examplel

Solutions by ¢’I am’’ method (Integral akbari method) methods

We Consider a Complicated Wave Partial Nonlinear Differential Equation as Follows

ou . (.m tu
or —cos[ocsm(u t )cos(—4] ]

Ox

)]

The initial conditions as:

u(x,0) =sin(px) @)

Output of the solution process by new approach ¢’I am’’ (Integral akbari method ) for wave nonlinear
differential equation Eq.(1) and according to the initial’s conditions Eq.(2) ,the solution of the differential
equation is obtained as follows:

1 4,4 20 . 2y 4 . . (4
u(lx,t)=—t B a (sm Bx)cos(B sinf x)sm(B sinf x)

4

t4

~4sin(Bx)
B %t"' o sin?" (B x) cos(B" sin’(B x) )sin(B x) + 1

2

sinzm(B x)cos(ﬁ4 sinZ(Bx) )(x m

2)

The Following We Select Physical Values for Parameters as Follows

o = O.Z;m = 2, B =-1.2 (3)

The output diagram of the ¢’i am’” method of eq.(2) and according to the physical values eq.(3) is drawn

as follows
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101 du |
1 dx
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/\ - ST
1 10

ety
6 -4 U

Figs.1.Graphs of ©’I am’’ method for time t=5 sec.

Example2
We Consider a Complicated Wave Partial Nonlinear Differential Equation As Follows:
ou 0%u
—Q—_=Cos| O umt -
ot >
(1)

The initial conditions as:

u(x, 0) =sin(px) )

Output of the solution process by new approach “’I am’’ (Integral akbari method ) for wave nonlinear
differential equation Eq.(1) and according to the initial’s conditions Eq.(2) ,the solution of the differential

equation is obtained as follows:

1
u(x,t) =—Eoc2[34sin2m (B x)(3tm + 2sin(p x) + 3¢)F
+sin(Bx) +¢
(Bx) o
The following we select physical values for parameters as follows:
o:=02;m:=2[0:=-12 3)

The output diagram of the ¢’I am’’” method of Eq.(2) and according to the physical values Eq.(3) is drawn

as follows:
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=35 sec 40 91
8] =5
x S meter
30 ]
b 20 =
10 u(e 3]
7]
[ |
-10 -5 5 0 3
1 : 5]
]
Mo 0 > 4 6 8 10
t

Figure 2: Graphs of “’I am’’ method for time t=5 sec and x=5 meter.

Example3

We consider like before a complicated wave partial nonlinear differential equation as follows:

2 3
Fu _mf 2 0u 3 cos(Bx)

The initial conditions as:

, 0) =si ; ,0)=0
u(x,0) =sin(ox) u(x,0) @

Output of the solution process by new approach ¢’I am’’ (Integral akbari method ) for wave nonlinear
differential equation Eq.(1) and according to the initial’s conditions Eq.(2) ,the solution of the differential
equation is obtained as follows:

u(x,t) =sin(o x)

3
m
(m+4 ( \/ o sm(ocx)sm(Zocx) ) cos’ (B x)7°
80msin( o x)

ox
(”i/oc sin( ot x)sin(200 x) ) cos’ (P x)7*

+
8m sin( o

x)
+ —":/ oc’sin( o x)sin(20x) cos(Bx)& + ..
2

The following we select physical values for parameters as follows:

o= 12;B :=22;m:=2 3)
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The output diagram of the ¢’I am’’ method of Eq.(2) and according to the physical values Eq.(3) is drawn

as follows:
1004 600
80 =10 sec 5004
| t=10 sec
() 601 du 400
=, 401 dx| 3001

o 2001
=] 100
N\{\

-4 2 \/5 g b ¢ 2 4
-20 - =100

- 40 =200+

-3004
- 601

Figs.3.Graphs of ©’I am’’ method for time t=10 sec .

vii) Analytical solution of Integrals
In this section, we solve some examples of complicated applied integrals with the innovations of
Mohammadreza Akbari's new method ¢’I am’” method (Integral akbari method), and then we compare

the output of the analytical solution with the numerical one.

Examplel

We consider a complicated integral equation as follows:

I=Jsin({0cx!}ﬁx!)x 3 x € (0,0) M

Output of the solution process by new approach “’I am’* (Integral akbari method ) for integral equation

Eq.(1), the solution of the integral is obtained as follows:
I(x) = xT sin| o [i) !

(5)
8

JE3E B
+ sin| o S_x]' + sin| o X !
8 8 )’

The following we select physical values for parameters as follows:

o = 1.2; B =-2.2 (3)

)

The output diagram of the ¢’I am’’ method of Eq.(2) and according to the physical values Eq.(3) is drawn

as follows
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1.4

1.2

X

Figs.1.Graphs of ’T am’’ method for domain x €[0,0) .
Example2
We consider an integral in the coordinates of noncomplex numbers on the closed surface of a circle with

radius R, the gg method is able to analytically solve this type of complex integrals, the following integral:

I= Cfsin(gezﬂ)dz

(1
That s is limited in the circle with the radius R and the center of the coordinate axis as:
2 =R @)
According to the trigonometric equations in polar coordinates as follows:
z=x+iy=Rei0 3)
By substituting Eq.(3) and applying mathematical operations, the integral of Eq.(1) becomes as follows:
[=iR Te""’ sin(ze®’"""yao
0 Q)]
At first, we solve the integral analytically without the following integral interval:
1=iR [¢’sin(se® ") do .

Output of the Analytical solution process by new approach ’I am’’ (Integral akbari method ) for

integral Eq.(5), the solution of the integral is obtained as follows:

1(0) = lﬁﬂ ln(?»){sin(s et ) — 49TZ sin(e eZB)

+ Zsin(s e(m”ﬁ/so) (7»)1/50
+ 202 (e e(R(’“)ZB/SO) +

(k398! )+ Z m(3) sinle )

49 /50

+ 24 sin(ee

(6)
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Here, we have for parameter in the Eq.(6) as:

=(Z/R),Z=Re" )
The following we select physical values for parameters as follows:

B =3,e=2 (8)
Integral value according to Eq.(4) as:

IAM =00, INumerial =00 )

The output figures of ¢’I am’’ method of Eq.(6) and according to the physical values Eq.(6)

different values /3 are drawn as follows:

Figs.2.Graphs of “’T am’’ method for domain 6 €[0,27).

Example3

We consider a complicated integral equation as follows:

. 3
o sIn X
I=Jsin[¢]dx;l(0) =1 ; x€ (-®,0)
X
©)
Output of the solution process by new approach “’I am’’ (Integral akbari method ) for integral equation
Eq.(1), the solution of the integral is obtained as follows:
1) x % [ 42 _ (B[ (2k+1)x ]”N
x)= sin o sin P
21 42

(26 +1)x )
The following we select physical values for parameters as follows:
o = 0-5; B = 3 (3)
The output diagram of the “’I am’’ method of Eq.(2) and according to the physical values Eq.(3) is drawn

as follows:
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Figure 2: Graphs of “’I am’’ method for domain x €[—00,00).

Example 4

We consider a complicated integral equation as follows:
I=Jsin{Bcos(ax)‘1}"dx . I(0)=1 ; x < (0,10) 0
Output of the solution process by new approach “’I am’’ (Integral akbari method ) for integral equation
Eq.(1), the solution of the integral is obtained as follows:

200

I(x)=1+ ﬁkzo sinp[[.’) cosq(wn
- (2)

The following we select physical values for parameters as follows:

a=3pB=5 3)

Equation Eq.(2) is from the output of integral Eq.(1), which is solved by "I am" method, below the graphs

of Eq.(2) are drawn according to different values of p and q according to physical values Eq(3) as:

p=lyg=1 i P=1=3
12 - V L o
11 105 L 104 i
1) 1.0 Ix) 100 1) 1.00
0.9 0.93 0.96
08 090 mininta
0 2 4 6 8§ 10 02 4 6 § 10 0 2 4 6 § 10

Figure 3: Graphs of I Am’> Method for Domain x €[0,10).
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Figure 4: Graphs of I Am’> Method for Domain x €[0,10).

Conclusions

In this article, we have proven that the creative innovations of
Mr. Mohammad Reza Akbari's new methods can very powerful-
ly analyze any type of complex nonlinear differential equations
and also integrals.We have been able to challenge many diffi-
cult problems in engineering and physics, which many scientists
have had difficulty solving or could not solve many nonlinear
problems analytically.

Acknowledge, History of the methods invented by
M.r.Akbari

*AGM method Akbari Ganji method has been invented mainly
by Mohammadreza Akbari in 2014.

*ASM method (Akbari Sara's Method) has been created by Mo-
hammadreza Akbari, in 2019.

*AYM method (Akbari Yasna's Method)has been created by
Mohammadreza Akbari, in 2020.

*AKLM method (Akbari Kalantari Leila Method)has been cre-
ated by Mohammadreza Akbari, in 2020.

*IAM (I am) method (Integral Akbari Method)has been created
by Mohammadreza Akbari, in 2021.

*WoLF-a method has been created by Mohammadreza Akbari,
in 2022.

*SYM method (Sara Yasna Method) has been created by Mo-
hammadreza Akbari, in 2023.

*MrAM method (Mohammadreza Akbari Method)has been cre-
ated by Mohammadreza Akbari, in 2023.

*AxM method (Akbari x Method)has been created by Moham-
madreza Akbari, in 2023.
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