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Abstract

In this study, the Aboodh transform homotopy perturbation method has been used to solve fractional differential
equations. The Swift—-Hohenberg equation accurately explains the creation and evolution of patterns in a wide range
of systems. The Swift-Hohenberg (S-H) model is linked to fluid dynamics, temperature, and thermal convection.
The problem’s convergence analysis is displayed. All of the Surface representation graphs are also represented using
MAPLE. ATHPM solution has been compared with the exact solution and LADM to check the accuracy of the
proposed method.
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1 Introduction

In recent years, there have been numerous advancements in the field of solving nonlinear differential equations.
Many nonlinear differential equations have no analytic solution. In this paper, we solve the Swift Hohenberg (S-H)
model using the Aboodh transform homotopy perturbation method (ATHPM). The S-H equation was first introduced
and derived from the equations for thermal convection by J. Swift and P. Hohenberg. [22]. The S-H equation was
first offered as a phenomenological comparison to thermodynamic systems by analyzing phase transitions in Rayleigh-
Bénard convection behavior. Still, it immediately became clear that it was a highly approximate model for nonlinear
pattern production. The importance of the S—H equation stems from its ability to produce results nearly identical to
those of the Navier—Stokes equations, which can be difficult to solve numerically. It’s worth mentioning that it’s been
used in a wide range of subjects, including biology, economics, optics, sociology, and fluid dynamics, to name a few.
In its most basic form, the S-H equation is [12} [15].

o 28
35(: :bw—(1+a—><2)w—N(w),£>O (1.1)
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where « is the order of the fractional derivative, w is a scalar function, b is constant, and N(w) is a nonlinear
element. In various disciplines of thermal physics, the S-H equation is crucial [4, 5] [8, [IT], [16]. Many applications of the
S-H equation can be found in engineering and research, including physics, biology, laser study fluid, and hydrodynamics
[7, I8, 2T]. In fluid layers restricted between horizontal well-conducting boundaries, the S-H equation plays a significant
role in pattern creation theory|[13].

In this study, we combine two powerful techniques, the Aboodh transform and the homotopy perturbation method
(HPM), to generate approximate analytic solutions of nonlinear differential equations, with excellent agreement with
existing methods such as -HATM [24], Iterative method [12], and ETDM [15]. Many researchers have utilised various
methodologies and strategies to examine the SH equation, including Homotopy analysis [I3], perturbation method
[18], and residual power series method [I9]. ATHPM has been shown to produce correct approximation solutions to
a variety of ordinary, partial, and fractional differential equations, whether linear or non-linear [9].

2 Aboodh transform

We consider functions in the set A given by

A={f(&): 3M, ki, k2 > 0,[f(§)] < Me™"¢}. (2.1)

For a given function in the set A, the constant M must be constant, ki, ko may be finite or infinite. The Aboodh
transform of function f(&) is defined by

AFOI0) = ko) =3 [ HOede 620k < v <ha (2.2

The variable v in this transform is used to factor the variable £ in the argument of the function f. The Aboodh
transform is defined for functions of exponential order.

f(&) A[f(E)]
1 =
: i
& gD
e 2£
sin.ag O )
cos a& ﬁ

n—1
FOE) v™k(v) - TIrZy L=

Table 1: Aboodh transform of some functions

3 Aboodh transform Homotopy perturbation method in fractional order S-H equation

The time fractional model of Swift Hohenberg (S-H) is

o 0?
e = b (1+ 5 = N(w), (3.1)

where w(0, ) is any function of x. Apply Aboodh transform on equation (3.1),

[g;j] = Alwu — (1+ %)w — N(w)].

By Aboodh transform for fractional order,

2

v {k(0) ~ S50 0} = Al (Lt 55— N(w)
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which can be written as

1 1 o
k(v) = Uﬁw(x, 0) + v—aA[wu — (14 a—XQ)w — N(w)].
Now, by taking inverse Aboodh transform
1 0?
w(x, &) = w(x, 0) + A7 [ Alwu— (1+ 872)‘” — N(w)].
Assuming the solution is of the form
w=wy+pus +piug+--- .
To consider the nonlinear operator, we apply HPM
e’} . - 1 (e’ . o] .
D P'wn(x:8) =w(x,0) + pAT AR D S p"Ha(x,) = N Y 0" Ha(x,€)))-
n=0 n=0 n=0

Comparing coefficients of powers of p both sides, we get
P’ wo(x, €) = w(x,0)
P i 8) = —A7 [ AR (6 €) — Nuo(x,€)
P a6 8) = ~A7 [ ARw (6 €) — Nea(,6)]
P ws(08) = —A7 [ AR (6 ) — Nua(, )]

P ua0€) = —A [ A(Rw (6.€) — Nus(,)]

Approximate solution can be obtained as,

w(x, &) =wo +wi +wa + w3 + ...

4 Analysis of Convergence
Theorem 4.1. Suppose that X and Y be Banach space and N : X — Y is a contraction nonlinear mapping, that is
[10]

Vw,w; [N (w) = N(@)[| < 9flw —@f,0 <y <1
which according to Banach’s fixed point theorem, having the fixed point w, that is N(w) = w The sequence generated
by the homotopy perturbation method will be regarded as

n—1

wp = N(wp—1),wn—1 = Zwi,n =1,2,3,...
i=0

and suppose that wg € B, (w) where B, (w) = {w* € X/|lw* —w|| < r} then we have the following statements
(1) [loon — wl <4"|wo =l

(2)wy, € By (w),

(3) lim w, = w.

Definition 4.2. For all i € N U {0};~; can be obtain as [10]

St i flwill #0
Yi = ! . _
0 if |w;]| =0

Corollary 4.3. Y °° w; converges to exact solution w, whem 0 <~; < 1,4 =1,2,3, ... [10].
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5 Some illustrations

Example 5.1.
9°w(x, §) B Pw(x.§) | Pw(x.§)
ago + (1 -Ddw(§) +2 02 + N 0
with initial condition w(x, 0) = eX
w8 _ . _Pw(x§)  Pw(x§)
W - (1 b)w(Xv é-) 2 aXQ axg '

Apply Aboodh transform
0w

[aé-a

Puled) | Pulnd)

] = —A[(1 = b)w(x, &) +2 9,2 X3

2w 3w
v {k(x:€) — U—IQw(x,o)} — AL - Bl + 22 62? § . 9 a;)g’ 3)

9? 93
k(x,€) = U—lzw(x,()) — viaA[u CBw(x, ) + 2 ‘g(;(?,f) n cg(;gﬁ)]_

Apply inverse Aboodh transform

_ TS v Pw(x,§) | Puw(x.§)
By HPM
wo = w(x,0) = eX
1 2w OPw (b—4)exg

1 _ 11+ . 0 0 _

p twr = A [Ua A((l b)wo +2 8X2 + 8X3 )] al

) T B Pwy | Dwy  (b—4)%exg™
p°iwy=—A [UQA((I b)wi + 2 Iy + 93 )= 2a)!

5 _ i B 6%)2 83w2 _ (b _ 4)3€X§3a
prwg=—A [,UaA((l b)WQ +2 axz + axg )] - (3&)'

(b _.4)ne)¢£na
(na)!

n =

Approximate solution can be obtained as,
wx,§) =wot+wi +was +ws+ ... +wy+---
b-Dexer | (B2 | o gfe  (p-greg
=eX 5.1
Wi 8) = e+ 2a)! Bl ma) (5.1)
which is approximate solution of Example 5.1 obtained by ATHPM. Applying convergence analysis (for b=5,a = 1),
we have

_ el

No = —0.050 < 1
flewol|
= leall g 950 < 1
floon ||
y = lwsll _ o 01667 < 1.
[z ||

Hence, we can say that ) ;- w; is convergent. Therefore the approximate solution w(x,§) is convergent.

The case o =1 is convert fractional order S-H equation into classical S-H equation and it has the solution
w(x, &) = Xt e
which is similar solution to the Elzaki Transform Decomposition Method (ETDM) [I5] and Iterative Method [12].



Solution of time fractional Swift-Hohenberg equation by ATHPM 1009

£=0.02 £=0.04 £=0.06 £=0.08 =01

X ATHPM EXACT ATHPM EXACT ATHPM EXACT ATHPM EXACT ATHPM EXACT

0 | 0.9231163465 0.9231163464 0.8521437890  0.8521437890  0.7866278608 0.7866278611 0.7261490345 0.7261490371  0.6703200305  0.6703200460
0.1 | 1.020201340  1.020201340  0.9417645335 0.9417645336 0.8693582349 0.8693582354 0.8025187950 0.8025187980  0.7408182034  0.7408182207
0.2 | 1.127496852  1.127496852  1.040810773  1.040810774  0.9607894387 0.9607894392  0.8869204333 0.8869204367 0.8187307338  0.8187307531
0.3 | 1.246076730  1.246076731  1.150273798  1.150273799  1.061836546  1.061836547  0.9801986703 0.9801986733 0.9048373972  0.9048374180
0.4 | 1.377127765  1.377127764  1.271249150  1.271249150  1.173510870  1.173510871  1.083287065  1.083287068  0.9999999770 1
0.5 | 1.521961556  1.521961556  1.404947590  1.404947591  1.296930087  1.296930087  1.197217359  1.197217363  1.105170892  1.105170918
0.6 | 1.682027650  1.682027650  1.552707218  1.552707219  1.433329413  1.433329415  1.323129808  1.323129812  1.221402730  1.221402758
0.7 | 1.858928042  1.858928042  1.716006862  1.716006862  1.584073984  1.584073985  1.462284584  1.462284589  1.349858776  1.349858808
0.8 | 2.054433210  2.054433211  1.896480879  1.896480879  1.750672500  1.750672500  1.616074395  1.616074402  1.491824663  1.491824698
0.9 | 2270499838  2.270499838  2.095935515  2.095935514  1.934792334  1.934792334  1.786038424  1.786038431  1.648721232  1.648721271

1 2.509290388  2.509290390  2.316366976  2.316366977  2.138276217  2.138276220  1.973877726  1.973877732  1.822118756  1.822118800

Table 2: Comparision of ATHPM Solution with Exact Solution at b = 0

%]
n
14

II\|§L|||LTI‘||

=

Figure 1: ATHPM solution at b=0& a =1 Figure 2: Exact solution w(x, &) = ext(0=4¢ 5t h =0

Figures 1 and 2 are generated by maple software. Here figure-1 represents the 3-D surface of an approximate
solution obtained by the ATHPM method at b = 0 and a = 1 of example-5.1. figure-2 represents an exact solution at
b=0and a =1 of example-5.1. Table 2 represents comparision between the ATHPM solution and the exact solution.
From table-3, it can be measured that the ATHPM solution is very accurate because very small absolute error can be
negligible and it can be measured from figures 1 and 2 also.

Example 5.2.

g ’ 02 Ox* ’
£=0.02 £=0.06 £=0.1

X ATHPM Exact Solution Absolute error ATHPM Exact Solution  Absolute error ATHPM Exact Solution Absolute error
0 | 0.9231163465  0.9231163464 1x10710 0.7866278608  0.7866278611 8.8x1077 0.6703200305  0.6703200460 3.096x 1077
0.1 | 1.020201340 1.020201340 1x10711 0.8693582349  0.8693582354 9.6x107° 0.7408182034  0.7408182207 3.42x1077
0.2 | 1.127496852 1.127496852 1x1071 0.9607894387  0.9607894392 1.06x107% 0.8187307338  0.8187307531 3.778x1077
0.3 | 1.246076730 1.246076731 1x107° 1.061836546 1.061836547 1.1x1078 0.9048373972  0.9048374180 4.18x10°7
0.4 | 1.377127765 1.377127764 1x107° 1.173510870 1.173510871 1.3x1078 0.9999999770  1.0000000000 4.62x1077
0.5 | 1.521961556 1.521961556 1x1071 1.296930087 1.296930087 1.5%1078 1.105170892 1.105170918 5.1x1077
0.6 | 1.682027650 1.682027650 1x10~ 1 1.433329413 1.433329415 1.5%1078 1.221402730 1.221402758 5.64x10~7
0.7 | 1.858928042 1.858928042 1x10711 1.584073984 1.584073985 1.7x1078 1.349858776 1.349858808 6.23x1077
0.8 | 2.054433210 2.054433211 1x107° 1.750672500 1.750672500 2x10~8 1.491824663 1.491824698 6.88x1077
0.9 | 2.270499838  2.270499838 1x1071 1.934792334 1934792334 2.2x107% 1.648721232  1.648721271 7.61x1077
1 2.509290388 2.509290390 2x1077 2.138276217 2.138276220 2.4x1078 1.822118756 1.822118800 8.41x10°7

Table 3: Absolute error of Example 5.1 at b =0
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with initial condition w(x,0) = 15 sin(%X).
8aw(X,£) _ o o azw(X,f) 84W(Xa€) 3
65@ - (1 b)W(X’f) 2 axg - 6X4 —w (X?g)
Apply Aboodh transform
0w Pw(x,§)  0'w(x§)
A — _ _ _ ) _ 9 _
[aga} Al-(1 = b)w(x, &) —2 02 Byt w*(x; )]
a 1 82&)()(,5) 84&)()(75) 3
(K6 €) = 500 0} = Al-(1 - Bulx,§) 25 58 - T sy g
1 1 82&]()(, 6) a4w(X? 6) 3
k(x,€) = 5w, 0) + 2 A[=(1 = bw(x, ) — 2 I v (x€)]-
Apply inverse Aboodh transform
_ —1 i _ _ _ 82W(X7€) _ 840‘)(Xa§) _ 3
wix,§) = wlx, 0) + AT [ A(=(1 = bw(x, §) —2 2 Dyt ) = w?(x, &)
By HPM
_ L TX
= w(x,0) = 75 ()
TS EOEPR _%_%_3_,71')( 2772_(17b)_7r4 _sm( Xy go
P = AT A b =255 — 5 —w@o)l = s gE T e T Tom T 1000 o
o1 82W1 64(,01
p?iwy=A 1[v7aA(—(1—b)w1 26)(2 "o — 3wiw1)]
Therefore,
Cmx (3)(11)(2473) 20 2017t 278 A8 1016 27%  xth
w2 =sCEO 550000 5kZ T B00KT  5KS | T0KS 500 | BES 2k8
1 o 52(1
_ —940072k2 4, 14 _ 8
200000“}4( 007%k* + 84007* + k* (403 — 400b)) cos(—= ’ )—I—3k ( ? )](2a)!

Applying convergence analysis (for b=1,a = 1,k=10), we have

oo |

o = — 001226 < 1
[Jewo |

= el o7 <1,
[l ||

Hence, we can say that Zioio w; is convergent. Therefore the approximate solution w(y, &) is convergent. Approx-
imate solution can be obtained as,

w(x,§) =wo +wi w2 Fwz - Fwp o

Therefore

i+(27r2 (1-b) 7t  sin?(TX ))50‘
10 10k2 10 10k4 1000 a!

(3)(11)(2473)  27*  291x*  27% % 1016 27%b  «'h

w(x:€) =sin(Z0)[

=27 _ oY 2
+ 800000 5k2 T 50061 kS T 10KS 500 | Bk® | 2kS
1 2 7TX 5204
— ———(—240072k? + 84007* + k*(403 — 400b 3k8 co
200000k Tk + 8400m" + K )) cos(== )+ (% 2oy

which is similar solution to the Homotopy analysis transform method [24].

Here Figure 3 represents the 3-D surface of a solution obtained by the ATHPM method, and Figure 4 represents an
exact solution of Example 5.2. Table 4 represents comparison between the ATHPM solution and the LADM solution.
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Figure 3: surface represents ATHPM solution w(x,&) forb=1,k=10and a =1

Figure 4: surface represents exact solution w(x,&) forb=1,k=10and e =1
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a=0.85 a=0.95 a=1

§ ATHPM LADM ATHPM LADM ATHPM LADM

0 0.309017 0.309017 0.309017  0.309017  0.309017  0.309017
0.125 0.308681 0.308679  0.030878 0.030875  0.0308792 0.0308781
0.25 0.309419 0.309409 0.0308532 0.0308502 0.0308514 0.0308546
=1 0.375 0.309153 0.309158 0.0308254 0.0308261 0.0308356 0.0308311
0.5 0.307788 0.307792 0.0308017 0.0308024 0.0308082  0.0308077
0.625 0.309456 0.309469 0.0307361 0.0307790 0.0307876 0.0307843
0.75 0.309237 0.309252 0.0307525 0.0307561 0.0307813 0.0307810
0.875 0.307067 0.307040 0.0307303 0.0307333 0.0307365 0.0307377

Table 4: Comparison of ATHPM w(x, £) at kK = 10,b = 0.9 with LADM for different values of «

6 Conclusion

The Aboodh transformation homotopy perturbation method (ATHPM) was successfully used to discover a solution
to the fractional model of the Swift Hohenberg problem. The Aboodh transform exceeds all other techniques studied in
the literature. It is limited to overcoming nonlinear problems; hence for the nonlinear terms in the shown situations, the
homotopy perturbation method (HPM) is used. To conclude, the solution to the S-H equation allows us to investigate
a variety of nonlinear situations. The strength of ATHPM is its simplicity and capacity to provide a high-precision
solution to nonlinear systems. Every problem includes a convergence analysis, which concludes that all series solutions
are convergent, and convergent solutions are similar to other analytical methods such as ETDM, Iterative method and
q-HATM. ATHPM solution has been compared with LADM and exact solution and concluded that ATHPM solution
has high accuracy and future researchers can be used to solve further nonlinear problems which occur in real world
problems.
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