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Abstract: A new class of truncated M-fractional exact soliton solutions for a mathematical physics
model known as a truncated M-fractional (1+1)-dimensional nonlinear modified mixed-KdV model
are achieved. We obtain these solutions by using a modified extended direct algebraic method. The
obtained results consist of trigonometric, hyperbolic trigonometric and mixed functions. We also
discuss the effect of fractional order derivative. To validate our results, we utilized the Mathematica
software. Additionally, we depict some of the obtained kink, periodic, singular, and kink-singular
wave solitons, using two and three dimensional graphs. The obtained results are useful in the fields
of fluid dynamics, nonlinear optics, ocean engineering and others. Furthermore, these employed
techniques are not only straightforward, but also highly effective when used to solve non-linear
fractional partial differential equations (FPDEs).

Keywords: fractional modified mixed-KdV equation; modified extended direct algebraic method;

exact soliton solutions

1. Introduction

Fractional calculus have much importance in many fields of science and engineering
like; fluid dynamics, plasma physics, optical fibers, chemistry, biology, economics etc. Nat-
urally occurring phenomenon are represented in the form of fractional partial differential
equations (FPDEs). Distinct techniques have been developed to the numerical and exact
solutions of the FPDEs. For example, generalized exponential rational function method [1],
extended trial equation technique [2], improved Fan sub-equation technique [3], modified
extended tanh function technique [4], multi exp-function scheme [5], generalized dou-
ble auxiliary equation technique [6], Backlund transformations [7], transformed rational
function method [8], Darboux transformation [9] etc.

In our study, we utilize a straightforward and powerful method: modified extended
direct algebraic method. This method has various applications. For example, optical
soliton solutions to the nonlinear Schrédinger equation are obtained [10], kink wave and
lump wave solutions for the fractional coupled Higgs system are achieved [11], bright and
dark-singular combo soliton solutions for the Lakshmanan-Porseizian-Daniel model are
gained [12], singular, dark and bright wave solutions for the Gerdjikov-Ivanov equation
are gained [13], singular-periodic, rational, exponential and other solutions for the highly
dispersive perturbed nonlinear Schrodinger equation are obtained [14], dark, bright, sin-
gular and other kinds of soliton solutions for the extended (2+1)-dimensional perturbed
nonlinear Schrodinger equation are gained [15].

One of the mathematical physics model; (1+1)-dimensional modified mixed Korteweg-
de Vries (mmKdV) equation. This model have much importance in nonlinear optics, fluid
dynamics and other fields. This model is solved by different techniques earlier. For example;
distinct kinds of topological and non-topological soliton solutions are gained by applying
the extended rational sinh-cosh technique, extended rational sine-cosine technique and
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polynomial function technique [16], dark, bright and periodic wave solutions are obtained
by utilizing the Homogenous balance technique [17] etc.

The objective of our study is to investigate some new types of M-fractional exact
soliton solutions for the (1+1)-dimensional non-linear modified mixed-KdV model by
employing the modified extended direct algebraic method and show the effect of truncated
M-fractional derivative on the solutions.

This paper contains the various sections; Modified extended direct algebraic method
is explained in Section 2, concerning model and it’s mathematical analysis are explained in
Section 3, exact soliton solutions are gained in Section 4, some gained results are shown
graphically in Section 5, conclusion in Section 6.

2. Modified Extended Direct Algebraic Method

The fundamental steps of this technique are given as [11]:
Step 1: Considering a NLPDE:

G(f/f2/f2fx/fxx/fxt/-~):0/ (1)
here f = f(x,t) represents a wave profile. Consider a wave transformations:
flxt) =F(@), §=x+At. 2

Using Equation (2) into Equation (1), a NLODE is gained
Z(F,F2F ,F',..) =0. (3)

Step 2: Consider Equation (3) has solution given as:

n

FO = ) ap'(@ @
here as(s = —n,...,0,1,2,3,...,n) are the unknowns and «, # 0. A new profile ¢(¢)
satisfies the ODE. /

¥'(2) = log(d) (p+ap(@) +r9(2)?) )

where p, g and r are the constants and d # 0, 1. Notice that Equation (5) has solutions for
the following different cases:
Case 1: if 4> — 4pr < 0 and r # 0, we have

s/ (g> —4pr) tang (5 ar —4pr§’

$1(8) = — 2r o (6)
_ 4 V- (q%> — 4pr) cotp(5 1/—(4? —4pr§
$2(6) = —5, o )
., V(g2 —dpr)(tang (/— (7% — 4pr)¢) = (V/ef seep(v/~ (4 — 4pr)§))) ®)
2r 2r
g V= (q* —4pr)(coty(\/—(g> —4pr)§) £ (/cf cscp(v/— (g% —4pr)E))) ©)
2r 2r '
i+ V — (g% — 4pr)(tanp( %\/ (¢2 —4pr &) — (cotp( }I\/ (g% —4pr)))) (10)
2r
Case 2:
_q \/(q2—4pr)tanh3 (3\/ (g% —4pr) éj
Pe($) = —5. — (11)

2r
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() = _% V(g% — 4pr) COtthr 5/ (q> — 4pr) 6 12)
(@) = —L — V/(q? — 4pr)(tanhp (\/~ (g% — 4pr)Z) & (V/cf sechp(y/(4* — 4pr)C))) (13)
2r 2r
po(2) = — 4 _ V(a2 —4pr)(coths (v/(g? — 4pr)é) & (Vef eschp (v (g — 4pr)2))) (14)
2r 2r
P10(8) = q /(g% — 4pr)(tanhp (1 /(4? —4pr &) — (cothp(§+/(q? — 4pr)E))) (15)
2r
Case 3:if pr > 0and g = 0, we have
i@ = /2 ana(770). 6)
110 = [ cots(p70). a7)
4130) = 2 s 2/ 70) = (1 secu 2y p7)). )
114@) = [ (cots (2y/770) (VT e (2 70)). 19
15(0) = 51/ L ttans (G y778) — cota (3 70), 20
Case 4: if pr < 0and g = 0, we have
1P16(‘:) = —\/jtanhg(\/—prg). (21)
P17(8) = —\/jCOthB(\/—iP”f)- (22)
P15(8) = —/ = (tanhy (2/=prg) + (1y/cfsech (2/~prE)) (23)
P19(8) = — /=T (cothy 2/ =prE) = (v/efeschp 2/ =pre)) (24)
o0 (&) = _%,/ (tanhg( \/_Targ + cothg( ¢_7rg)). (25)
Case 5: if r = p and g = 0, we have
$21(8) = tanp(pg). (26)
¥22(8) = — cotp(pg). (27)
¥23(8) = tanp(2pg) =+ (/cf secp(2pg). (28)
$24(8) = — cotp(2p) + (\/7CSCB(2P§)- (29)
P5(8) = %tanB( pg) — COtB( PS)- (30)
Case 6: if r = —p and g = 0, we have
26(&) = — tanhg(p?). (31)
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27(8) = — cothp(pg). (32)
Y25 () = — tanhp(2p() & (1y/cfsechp (2p3). (33)
P29(&) = — cothp( szj \/>csch3 2p§ . (34)
y0(8) = — 5 tanhi (3p8) — 5 cotha(5p0) 39)
Case 7: if g* — 4pr = 0, we have
_ _pplailog(d) +2)
Case 8:if g =p p =mp (m # 0) and r = 0, we have
Pa(Q) = —m. (37)
Case 9: if g = r = 0, we have
¥33(6) = p Glog(d). (38)
Case 10: if p = g = 0, we have
1
P34 (8) = “relogd) (39)
Case 11: if p = 0,9 # O and r # 0, we have
- _ q
Yas(8) = r(coshp(gg) — sinhg(qg) +c¢)° (40)
_ __g(coshp(q¢) + sinhp(47))
¥56(8) = coshy(40) + simhs(40) + ) .
Case 12:if g = pr = mp (m # 0) and p = 0, we have
cdré
p37(8) = cmfart (42)

where ¢, f > 0 and represent the deformation parameters.

Step 3: Begin this step by putting Equation (4) along Equation (5) into Equation (3).
Next sum coefficients of each ¢° term, then set the coefficients of same order equal to zero
to gain a set of equations in a5 and A. By manipulating this set of equations, results for the
unknowns are found. Step 4: Inserting Equation (4), where the values of a; and A are now
known into Equation (3) will yield solutions to Equation (1).

3. Model Description and Mathematical Analysis

Let us assume a truncated M-fractional (1+1)-dimensional nonlinear modified mixed-
KdV model given as:

t”"‘ f—l—bu)D“Yu—b—TDiffgxu—O (43)
where .
Y u(x Ey(tx ™)) —u(x)
D;(Axu_%g% - , 0<a<1 Ye(0,00) (44)
where Ey(.) is a truncated Mittag-Leffler (TML) function mention in [18,19].
Here u = u(x,t) is a wave function. Equation (1) represents a modified mixed

Korteweg-de Vries (mmKdV) model which explains the flat-topped electron distribution
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having a stronger non-linearity that corresponds to the small-width and high-velocity of
the wave [20-22]. To find the solutions of Equation (1), we suppose the following;:
(45)

u=g%  g=glxt).

By putting Equation (45) into Equation (43), yields

gDjiug + (ag” +bg*)Diieg +T($D5,8 + 3D} gDy g) = 0. (46)

Consider a wave transformation given as:

_,ra+y)

&y
. (x* — At%).

§=G(¢); ¢ (47)

here 8 represents the wave-amplitude and A denotes the wave velocity.
By using Equation (47) into Equation (46), we get

—6AG? +4aG® + 3bG* 4+ 1276 (GG" + (G')?) = 0. (48)

By applying the Homogenous balance approach into Equation (48), we gain the natural
number m = 1. Now we will solve the Equation (48) with the help of two different techniques.

4. Exact Soliton Solutions

For m =1, Equation (4) changes into

G(&) = a1(p(@) "

Putting Equation (49) along Equation (5) into Equation (48), we obtain the following sets
for discussion.

+IX()+IX11P(C). (49)

Set 1:
dap 4a dar 16a*(q* — 4pr) 4q?
—= k0 = =% = = - 2 e VN (50)
5bq " 5b 5bq 75bq 75b0242 log~(d)
Case 1: if g> — 4pr < 0 and r # 0, we have
u(xt)—(—g—@( \/ (g% —4pr) tanp(; /- (42 —4prér
"V 5b 5bg T 2r
B 4:017;7( q \/ (g% — 4pr) tang( \/ (g% —4pr) C (51)
5bgq 2r 2r
u(x t) (7ﬁ7@( q vV (q —4}77’ COtB 2V q _4P7’ iaz
’ 5b  5bg" 2r 2r
_ﬂ(_i_‘/ (g% — 4pr) cotp (5 /(42 —4pr§ 52)
S5bg > 2r 2r
L V(g — dpr)(tans (v~ (47 *4PV é (V/ef secp(v/—(g” — 4pr){))
2r
_dap g V(g dpr)(tans (V- (g2 —4pr §) £ (Vef sees(v=(@" = 4pn)E))y 12 55
S5bg > 2r 2r
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e — (A oy P8V sl 410
’ 5b 5bg 2r
g /o W@ (VEF sealy/ == 800 12
5bg > 2r :
w(x t) = ( 4a 4ar( q+\/WtanB %WC (cotp( %\/Wé‘
7 - _% - % _271’
_@(_1+Wtang %\/Wg (cotp( %\/Wg (55)
5bq " 2r :
202
where ¢ = 6 1+Y> (x* + = ggbqur) ).
Case 2:
4a  dar, ¢ (g2 — 4pr) tanhB %Wéj
u(ot) = (~gp — g (2~
5b  5bg" 2r
S AU f4pr) tanhg %Wé 56
5bg > 2r 2r '
u(xt)—(—g—@(—i_wcom \/Wg
"V 5b 5bgt 2r 2r
4ap( q Wcothg %Wg 57)
5bg* 2r 2r '
w(ot) = (20 _dar q V(e?—4pr)(tanhs(v/—(* — 4pr)d) + (Vef sechs(v(@® — 4pr)))
’ 56 5bg" 2r 2r
_dap g V(g2 —dpr)(tanhs (v~ (g7 — 4pr)G)  (Vef sechp(v(g2 = 4pr)E))) )1y (o
5bg " 2r 2r '
Wl t) = (—2a_dar 9 _ (92 —4pr)(cothp(v/(q* — 4pr)§) & (y/cf cschp( (q2—4pr)§)))
’ 56  5bg" 2r 2r
_dep 4 (9> — 4pr)(cothp(v/(4* — 4pr)§) + (v/cf cschp(v/(4* — 4pr)?))) 12, (59)
5bg " 2r 2r '
w(e )= (% 4 a V(g dpr)(tanhs( %\/WC (cotha (3 /(¢ —4pr)E))
' 56 5bg\ 2
_dap g /A tanhy( Wg (cothg %Wé )
Sbg " 2r :
where & = Gf(l;rY) (x* + 16a ggbq 4pr) ).
Case 8: v 4 .
FA4Y) ra 16a% 4o
u(xt) = (~ g5 — gy (@ I o)
Case 11:
4a  4ar c
! DG

()= (-5 — (-
50 560" p(coshp(g0™EY) (e 4 162 4a)) _ ginhp (gt (xa 4 162 4a)) 4 ()
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40 4ar q(coshp(q0 ) (x* 4 18 4)) 4 sinhp (g0 T2 (x4 140 )))

(x,t) = (-5 — - (= — )% (63)
5b 560" y(coshp (g0 (x¢ + L)) + sinhp (g0 T (xe + 3 40) + f)
Case 12: :
_, 4a  dam cdP 5
u(xt) = (—g, — 5 T e ) ))° (64)
Set 2:
(o, = V@ —dpr) | 2V dpr) —2a(g —dpr)
T (2 —4pr) Y 5b(q2 — 4pr) =0
164> 4a?
/\ = —7"7_' = — 65
75b 75062 log?(d) (¢2 — 4pr)} ©5)
Case 1:
u(x, 1) = (AVEP(T — 4pr) —2a(q —4pr) | Apya(g?—4pr)  q
o 5b(q% — 4pr) 5b(q% — 4pr) 2r
V(-4 (/=7 —4
(9> — 4pr) tang(5/—(q* — 4pr C (66)
2r
u(n,t) = (AP dpr) — 2a(q” —dpr) | dpVa(g2—dpr) 4
T 5b(q% — 4pr) 5b(g% — 4pr) 2r
/ — (g% — 4pr) cot( \/ (g% —4pr) {;’ )

2r

u(x, ) = (2T~ 4pr) —2a(q* —4pr) | Apy/a (P —4pr)  q
e 5b(q% — 4pr) 5b(g% — 4pr) 2r

V/—(q% —4pr)(tang(\/— (2 — 4pr)&) £ (\/cf secp(y/—(q* —4pr)E))) )12, (68)
2r '

+

u(x ) = (2 a2q2(q? — 4pr) —2a(q> —4pr) | 4p\/a(q* — 4pr) (—4_
T 5b(q% — 4pr) 5b(q% — 4pr) 2r

V= (g% — 4pr)(cotp(v/—(q? — 4pr)¢) £ (V/cf csep(v/—(g% —4pr)E))) 12 (69)
2r '
u(x, 1) = (AVEP(T — 4pr) —20(q” —dpr) | Apya(g?—4pr)  q
! 5b(g? — 4pr) 5b(q% — 4pr) 2r
V= (g% = 4pr)(tanp(31/— (4% — 4Pr ¢) — (cotp(3v/— (42 — 4pr)5))) 2. (70,

where ¢ = 6 1+Y)( + 1765”b ).
Case 2:

u(x, ) = (2 a2q2(q* — 4pr) —2a(q*> —4pr) | 4p/a(q* — 4pr) (4
T 5b(q% — 4pr) 5b(g% — 4pr) 2r

Wtanhg(%\/m‘:) )—1)2 (71)
2r .
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u(x, 1) = (2VEP(P — 4pr) —2a(q” —dpr) | ApyVa (g —4pr) _q
’ 5b(g? — 4pr) 5b(g? —4pr) 2r
V(g% — 4pr) cothp (3+/(q% — 4pr) § 72)
2r ’
u(n,f) = (VPG dpr) —2a(q” —dpr) | dpVa(g2—dpr) q
’ 5b(q% — 4pr) 5b(q% — 4pr) 2r
VA — dpr)(tanhs (v~ (9% — 4pr)€) & (Vef sechs(V(g2 = 4pr)D)) 112 )
2r '
u(x, 1) = (2VEP(P —dpr) —2a(q” —dpr) | Apy@ (g2 —4pr) _q
’ 5b(g? — 4pr) 5b(g? — 4pr) 2r
V(4> — 4pr)(cothp(1/ (g% — 4pr)¢) = (\/cf eschp(y/ (g% — 4pr)Q))) 12 (71
2r ’
_2/a2?(q? — 4pr) —2a(q> —4pr) | 4Ap\/a*(g* —4pr) g
ulx ) = 5b (¢ —4Pr) 5b(> —4pr) 2
V(4% = 4pr) (tanhp (§/(4? —4prf;‘ (cothp (3 /(72 — 4p1)5))) 2 (75)
v(\:zherzé = Gw(x“ + %t"‘).
ase o:
— 40 a~/ — T 612
) = (= 2 P tany(ra T (e 29 )2 )
—za - ﬂz
) = (ot = 2 [P coty(pra U e T ey )
—2a Vo a?
u(x, ) = ( 5@ 2 Sbr‘*w(\f(tang(z\ﬁe u +Y)( “+1765b 1))+
(VeFseep(2y/pro Tt ) o 100 )12
—2a — r a2
u(xt) = (o —Z”VSbfp (- \f(cotg(z\re <1+Y)( g )
(VeFesep(2y/prot i) (oo 10840))))) 12 )
—2a a~/—4pr ﬂ2
) = (ot = 2L B Gy Y (e 100 ) -
{12
coty (/778 “*“( )T 6)
Case 4:
_ a+/—4apr 2
u(x,t) = ( 5?:1 _2 5br4p (—/— tanhB \/ —pro 1+Y "‘—l—l;;lb t))) 12, (81)
—2a a~/—4pr 612
u(xt) = (o _2 V5br4p (/L cothy (y/~pr0 ”Y) () 2 (82)
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_(2a 2ay/—4pr, | 1+Y 16a2 ,
u(x,t) = ( 5 Shr (—/—% tanh (2/—pro———= —I—ﬁt )+
1+Y 1642 , _
(1/eFsechn(2/=pro Y] ) ) @)
_ (T2 2ay—dpr. | p I(1+ 16a% ,
u(x,t) = ( R (— ——(cothB(Zw/—prO 75bt )+
1—|—Y 1642 , _
(v/cfeschg(2+/—prd ——-= ﬁt M) H2 (84)
—2a  2a\/—4pr 1 164>
uxt) = (55— g5 ’ (_5\/ 2 tanha(; 2V~ pro= 755t )T
r(1 +Y 164> _
coth (3 /~pret ) 75”; ) (65)
Case 5:
—2a 4 r1+Y), , 16a? _
(e t) = (ot~ 2 (rang (po Y (o 100 )12 6
—2a 4 r1+Y), ., 16a% ,. . _
u(e, ) = (o — 2 coty(po LY (o 4 100 )12 )
—2a  4dm r(1+Y 1642 , r(1+Y 64 4\
u(x,t) = (5 — 5, (tang(2p0 ( , )2+ eyt ))i(\/ﬁsecB(zpe(T)(x )R (88)
—2a  4a 1+Y 164> r(1+Y 164> _
u(x, t) = ( % —5—;( cotp(2pf ( . )(x”‘—i- 755 t)) + (\/cf cscp(2ph ( >(x“+ﬁt"‘))) D2 (89)
=21 41 1 T(1+Y) 16a> .\ 1 1 TA+Y), , 164> .\ 1.2
u(x, t) = (ﬁ g(itanB(EPG o (x* + oyt ) ECOtB(EPG (x T ot )" (90)
Case 6:
_ =28 4a T1+Y), , 16a% , . 1.2
_ =21 4 T1+Y), , 16a% , . _ 12
—2a  4a 1+Y), ,  16a? 164 .\ _
u(x,t) = (57—5—17( tanhp (2p6 I( )(x + 75b + (1/cfsechp(2p8 I+ )( +ﬁt )~ 1)? (93)
—2a  4a r(1+Y), ,  16a? 164 .\ _
=21 4a, 1 1 T(1+Y) 1642 , 1 1 TA+Y), , 164> .\ 1.2
u(x,t) = (ﬁ* S*b(*itanhB(EPQ " ( 75 | ) — ECOthB(EPQ (x Tyt )T (9
Case 8:
dam r(1+Y) a‘ Lo _
u(x, 1) = (ot (@R 12, (%)
Set 3:
(a1 =0,a0 = 2aq+/q? — 4pr — 2a(g® — 4pr) _ arv/q* — 4pr PO 16a?
“e R 5b(g? — 4pr) /M 5b(q%> —4pr)’ 750
2
- 4a 97)

75b62 log?(d) (42 — 4pr)}
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Case 1:
u(x, b) Zaq\/q —4pr — 2a(q* — 4pr) +4ar\/q2—4pr(_i
5b(q% — 4pr) 5b(q% —4pr) © 2r
v/~ (g% = 4pr) tang (5/— (4% — 4pr) D2 o)
2r '
w(x, £) = Zaq\/q —4pr—2a q —4pr) +4ar\/q2—4pr(_i_
’ 5b(g? — 4pr) 5b(q% —4pr) © 2r
v/ —(q% —4pr) cotg(3/— (g% — 4pr) § 99)
2r '
u(x, b) Zaq\/q —4pr — 2a(q* — 4pr) 4ar\/q2—4pr(_i
5b(g% — 4pr) 5b(q* —4pr) * 2r
V(@ — 4pr)(tang(V/— (g2 — 4pr)6) & (Ve seen(v/ (@ = 4p)))) )12 (400,
2r )
u(x, ) = Zaq\/q —4pr —2a(q —4pr)+4ar\/q2—4pr(_i_
’ 5b(g? — 4pr) 5b(q% —4pr) * 2r
V(g2 — 4pr)(cots (v~ (@ —4pr)d) £ (Vef esep(v/ (a2 =4pr)0)) o 1y
2r '
u(x, b) Zaq\/q —4pr — 2a(q* — 4pr) +4ar\/q2—4pr( q
5b(q% —4pr) 5b(q* —4pr) © 2r
V= (g% — 4pr)(tanp (/= (42 —4pr &) — (cotg(1/— (g2 —4pr)))) (102)
where & = 0 1JFY)( + %t"‘).
Case 2:
u(x, ) = 2aq\/q —4pr — 2a(q* — 4pr) +4ar\/q2—4pr( q
’ 5b(g? — 4pr) 5b(q> —4pr) © 2r
V(g% — 4pr) tanhB %\/ (g% —4pr) C (103)
w(x ) = Zaq\/q — 4pr — 2a(q* — 4pr) +4ar\/q —4pr( q
! 5b(g% — 4pr) 5b(q% —4pr) * 2r
V (§% — 4pr) cothp (1 /(% — 4pr) (’,‘ (104)
2r ’
w(x, ) = Zaq\/q —4pr — 2a(q* — 4pr) +4ar\/q2—4pr(7i7
’ 5b(g? — 4pr) 5b(q% —4pr) © 2r
(g7~ tpr) (tanhs (7 —4pr)8) + (/eF secks (V@ —8)D) 2 00
2r '
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; Zaq\/q —4pr — 2a( q —d4pr) dar\/q*> —4pr, gq
u(x,t) = 5b(g? — 4pr) + 5b(q% — 4pr) (_5_
VA7 — 4pr) (cothn( /(97 — 4pr)e) + (Vef esch(V(@ = 4p)0))) )12 (406
2r '
; Zaq\/q —4pr —2a(g® —4pr)  dar\/q®? —4pr, q
u(xt) = 5b(q?% — 4pr) + 5b(g?% — 4pr) (_5_
V/ (g% — 4pr) (tanhp( %\/ (42 —4pr &) — (cothp( %\/ (g% —4pr)2))) am)
where ¢ = GW(#" + %t“}.
Case 3:
- 2a,/— Y 2
) = (o~ L g (T e S o
24 2a./—= 14+Y 1
) = (ot = 2P P oty (o D e e a0
_ — 2
u(xt) = (o~ Z”SVPb’”(\/f(tanB(z\/ﬁer(l ) (4 200 )
(VeFseep(2y/pot 0 (o g 1802 o
— — 2
) = (o~ 2L [Prcotpayprot Y e 4 00 2
(VeFesep(ypre Y (o 4 1810y 02 )
_ — 2
) = (o = 2P B gm0 Y e 4 o)) -
2
cots (PO (x4 T2 (1)
Case 4
—2a  2a\/— T(1+Y 164
u(x,t):(57“— “SPb’"( - 2 tanng (v=prot Y 75”; F)NE (113)
— 2a\/—pr, | Y 2
u(x,t):(%— a5pbp1’(_ ——cothB \/—pro ra+y) “+176t_)abt“))))2. (114)
—2a  2a\/— T(1+Y 164
u(x,t):(S—ba— “SPb”’(—,/ (tanhp (2 /=pro LY (a 75“b 1))+
(1/Fsechy(2/—pro HY) “+1765”b2t“))))))2. (115)
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_—2a 2a/=pr [ p 1+Y) 16a2 ,
u(x, t) = (W 505 ( = cothB 2y/—prb Y+ 75bt )+
2
(/cfeschy(2/—pro HY) () (116)
_,~2a 2ay/—pr 1 [ p 1 — TA+Y), , @“
u(x,t) = ( 5 b2 (tanh (2\/ 6 . (x* + ep ! )+
2
cothy (= /=prot U (e 168000002 337
2 75b
Case 5:
—2a  2m F(1+Y 164>
(e t) = (ot~ 2% (rang (po Y (g4 10 a2 (118)
—2a 2w r1+yY), , 16a% ,
(e t) = (ot — 20 oty (pp LY o 1 1904y )2 (119)
—2a 2w 1+Y), ,  16a* , r(1+y), , 16a* ,
u(x8) = (o — 2% (tang(2p0 ) (et 1 1000y 4 (efsecp(2pm Y (e 4 2 o)
—2a 2a T(1+Y 164>
u(x,t):(57—ﬁ(—cotB(ng)i(\/ﬁcscB(Zpe ( )(x“+ %5 )% (121)
—2a 2w ,1 ra+y 164>
u(x, t) = ( 5 —%(itanlg( pé) — cotB( p9 ( )(x"‘—l— 755 )2 (122)
Case 6
—2a 2a ra+y 164>
u(x, t) = (W—%( tanhg (p0 ( )(x"‘—l— 755 £))))>2. (123)
—2a 2a +Y 164>
(e t) = (ot~ 2 cothy(po 1Y) (o 4 1002 (124)
—2a 2a 1+Y 1642 ,
u(x, t) = ( % 5b( tanhp (2p&) & (11/cfsechp(2p0 I p )( + 75bt )% (125)
—2a 2a 1+Y 1642 ,
u(x,t) = (- — g, (— cothp(2p) + (v/cfeschg(2pb I )(x + et N2 (126)
22 2a, 1 1 T(1+Y) 160 , 1 1 TA+Y), , 1642, . .,
u(x,t) = (W 55 itanhB(QP (x* + oyt ) ECOthB(ipe (x t ot )" (127)
Case 11
4ar cq 2
u(x,t) = (=—(— . (128)
500" r(coshp(qg) — sinhp (g6 ") (xa 4 162 4a)) | )
wt) — (22 __alcoshu(gd) +sinha (@0t + )
5bq r(coshg(q(;‘)—l—smhg(qGW( ”‘—l—%t"‘))—i—f}
Case 12: . Cdper(“Y)( i
u(x, t) = (- 2 (130)

2
¢ — mfdPt R (e )
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Set 4
p\/a*(q* — 4pr) 2\/[12 (g2 — 4pr) + 2a(q* —4pr)
{ay=— S0 = =0,
5b(g? — 4pr) 5b(g?% — 4pr)
164> 4q2
A= 131
750" T 75062 log?(d)(q? — 4p1’)} (13
Case 1:
N = a2q?(q> —4pr) +2a(4> —4pr) _4p\/a? (> —4pr), g
u(x,t) = 7 — (
5b(q* — 4pr) 5b(q% — 4pr) 2r
(2 _ _
\/ —(q? —4pr) tanp(5 1./- (g% —4pr) fj a3
2r
u(xt 2202 — dpr) +2a(q” — dpr) _ Apv/l(q? —dpr) g
’ 5b(g? — 4pr) 5b(g? — 4pr) 2r
v/ — (g% — 4pr) cotp(5 Lo/— (g% —4pr) §
o . (133)
2202 _ 2 _ 2072 _
u(x, t) = a2q(q” — pr) +2a(q” —4pr) _ 4pve(q” —dpr)  q

5b(g? — 4pr) 5b(q% — 4pr) 2r

v — (g2 — 4pr)(tang(\/— (g% — 4pr)¢) +
2r

u(x,t) =

(Vef sees(v/ =8I0 | 112 g5

a2q*(q? — 4pr) +2a(q* — 4pr)  4p/a® (4> — 4pr) (—d_
5b(g? — 4pr) 5b(g? — 4pr) 2r

(\/ﬁ cscB(\/m‘:))))—l)Z' (135)

v —(q? — 4pr)(cotp(y/—(g% — 4pr)¢) £
2r

Case 2:

u(x,t) =

a2q*(q? — 4pr) +2a(q* —4pr)  4p+/a? (4> — 4pr) -4

5b(g2 — 4pr) 5b(q? — 4pr) 2r
\/W tanB \/Wg CO'[B(%\/WC))) 1)2. (136)
where ¢ = 0 1JFY)( + 15b t%).
2m+za (4 —dpr) _dpVa(g?—dpr) _q
5b(g2 — 4pr) 5b(q* —4pr) 2r
Wtanhg(%ma )—1)2 (137)
2r '
a2q*(q* — 4pr) +2a(q” —4pr) _ 4p\/a>(q> — 4pr) (—2-
5b(g2 — 4pr) 5b(q* — 4pr) 2r
V{2~ 4pr) coths (3 (@~ 4p)0) ) 10 30

2r
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= 2> (q* —4pr) +2a(q* — 4pr)  4p/a’ (> —4pr) 4
ulx, ) = 5b(q% — 4pr) B 5b(q% — 4pr) (_5_
V(42 — 4pr) (tanhg( —(q2—4Pr)§)i(ﬁsechz;(\/(qz—4Pr)<§))))71)z. (139)
2r
_ 22(q? — 4pr) +2a(q> —4pr)  4p\/a*(g* —4pr) g
u(et) = (- 5b(g% — 4pr) - 5b(g% — 4pr) (_5_
V(g% — 4pr)(cothp(/ (g% — 4pr)§) £ (\/cf eschp(\/ (g% —4pr)E))) 192 (140)
2r '
0 2\/112 (g2 — 4pr) +2a(q* — 4pr) 4p a%(g?> —4pr), ¢
u(x,£) 5b(q% —4pr) 5b(q% — 4pr) (_5_
V(g% = 4pr) (tanhp (3/(4? —4Pr ¢) - COthB(%\/(qz—4Pr)5))))71)2. (141)
where & = 6 1+Y)( +15b ).
Case 3:
a - ﬂz
u(x,t>=(§b+2“5br4’”(\ftan (/770 (”Y)( RN (a)
a./—4pr 2
u(x,t):(5—b+2 5;” (\fcot (/70 (”Y)(xul;;b )12 (143)
a/—4pr 2
u(x,t):(é—g+2 5;” (\f(tan (2/p76 (”Y)( "‘+%t"‘))i
a2
(VeF secp(2y/prm 00 (x4 100 y)))) 112 (14
/—Apr 2
u(x,t) = (?—Z—an 5br4p (— \/>(cot (24/prb (1+Y)( ”‘+1765ab )+
2
(VeF esep(aypro ) (g 100 )))) 12 s
a - (12
) = G+ 2 [P tamg (o Y (e 200
2
cotp (T (o 1 100 )12 (146)
Case 4
a a/ — T 612
u(x,t):(é—b+2 Sbfp( v/ - tanh (\/ —pro———= HY) “+%t“)))’1)2. (147)
_ aZ
u(x,t>:(%+2“v5br4pr<—,/— coth(y/—prot LY ”Y) u%m))*l)z, (148)
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20 2a./—4pr 1+Y 16a2 ,
_ (8 _. ] %))+
u(x, t) (Sb + e ( tanhB (2y/—prf * 4+ 55 )
r(1 Y 164>
(1y/cfsechy (2y/—pro——t 1) (o 4 —75’2 )12, (149)

20 2a./—4pr P ra+y), , 1ea ,
A L e V- )+
u(x,t) (Sb + e ( r(cothg(z pro - (x* + 755 )

1642

(VeFeschp(2/=pro LX) (4 16010y )12 (150)

_2a  2a\/—4pr 1 |/ 1+Y 164>
u(x, t) = (%+T(_§ - tanhB \/ pré————-~= +—75bt )+
r(1 Y 16
cothy( «ﬁe i “—l—%t‘)‘))))_l)z. (151)
Case 5:
(1) = (22 22 g (o T (16012 152)
u(xt) = (g5 + g5 (tans(p9—— 75b '
2a 4w T1+Y), ,  16a% , . 1.2
= — * 1
u(x,t) = (G + o (~ cotn(pe (4 o)) ™) (15
20 4 r(1+Y 1642 r(1+Y 16a% .\ _
u(x,t) ::(E%—+—§g(tan3(2p9 ( )(x“—# 75bt“))j:(\/afsecB(2p9 ( )(x“—+ 755 %))~ 12, (154)
20 4 T(1+Y 16 r(1+Y 16a% .\ _
u(x, t) = (5—2—|—%(—CotBQPGQ(x“—Ffllbt"‘)):l:(\/ﬁcscB(ZpQ ( )(x"‘—l— 755 %)) H2. (155)
2 4a 1 1 T(1+Y 1642 1 1 T(1+Y 164> _
u(e ) = (o 2 Lrang (™Y (g 100 10)) L oy (£ ppt 1Y) (o 4 10012 s
Case 6:
= (2 12 anng(ppt Y (o 162 0y o1 (157)
M(x, ) - (% % a B p 75b .
2a  4a r(1 +—Yﬂ 1642 , ’
pry - . 1
u(x,t) = (57 + g7 (— cothy (p0 (* + )7 (158)
20 4 r(1+Y 16 1+Y 16a% .\ _
u(x,t) ::(5%'+—5%(——tanh3(2p94£4i3442(x“<+—§é%¢“ (1n/cfsechp(2pb I( )(x + 75bt“))) he2, (159)
20 4 r(1+Y 1642 1+Y 16a% .\ _
u(x, t) = (5% +—g%(——cothB(ZpG—AQA;TAAZ(x“ + — 75b + (/cfeschp(2p0 I( )( + 75p %)) H2. (160)
2 4 1 1 T(1+Y 1642 1 1 T(+Y 164> _
u(x, t) = (%—i—%(—itanhg(iw ( p, )(x”‘—i— 75D ta))_ECOthB(EPG ( . )(x“+ 755 %))~ H2. (161)
Case 8
u(x,t) = (- 4gb (@O ) )2, (162)
Set 5
{4y =0a _ 2aq\/q? — 4pr + 2a(q* ——4pr) _Aary/q* —4pr A::4716a2
A1 =500 = 5b(2 — 4pr) T TS (2 —apr) 75b
2
- da 1 (163)

75062 log?(d)(q? — 4pr)
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Case 1
u(x, ) = (_Zaq\/q2 —4pr + 2a(g?> — 4pr) B dary/q? — 4pr(_i
’ 5b(g?% — 4pr) 5b(g? — 4pr) 2r
V(g% — 4pr) tang (3 3V —(q* —4pr) C (164)
2r )
u(, 1) = (_2aq\/q2 — 4pr + 2a(g* — 4pr) dary/q? —4pr(_i_
’ 5b(g? — 4pr) 5b(g% —4pr) * 2r
v/ —(q% — 4pr) cotg(3/— (g% — 4pr) C (165)
2r '
u(x, b) = (_Zaqw/q2 —4pr+2a(q* —4pr)  4ar\/q* — 4pr(_1
’ 5b(g? — 4pr) 5b(q% —4pr) * 2r
V(@ — 4pr)(tang (v~ (g2 — 4pr)6) & (Ve seen(v (@ —4p)E))) )12 (16
2r )
u(x, t) = (_Zaq\/qz - 4pr+2a(q2 —4pr) B dar/q? —4pr(_i_
’ 5b(g? — 4pr) 5b(g% —4pr) * 2r
V(g2 — 4pr)(cots (v —(@* —4pr)d) £ (Vef esep(v/ (g2 =4p1)0)) o 1)
2r '
w(n) = (_Zaq« /g% —4pr +2a(q* —4pr)  dary/q? — 4pr(_i
’ 5b(g? —4pr) 5b(q% —4pr) * 2r
v/ = (a2 — 4pr) (tang (3 v/~ (4> — 4pr §) ~ (cots(3 V=~ 4Dy > 14,
v(\:lhere;c;" =0 1JFY)( + %t"‘).
ase
u(x, ) = (_Zaq\/qz —4pr+2a(q* —4pr)  4ar\/¢? —4pr(_i_
’ 5b(g? — 4pr) 5b(g% —4pr) * 2r
V(2 —4pr)tanhB (31/(q% —4pr) C . 169)
(1) (_Zaq\/q2 — 4pr + 2a(g?* — 4pr) B dar\/q? — 4pr(_l_
’ 5b(g? — 4pr) 5b(q? —4pr) * 2r
V (§% — 4pr) cothp (1 /(% — 4pr) (’,‘ (170)
2r ’
u(x, ) = (72aq\/q2 — 4pr+2a(q* —4pr)  dar\/q? —4pr(717
’ 5b(g?% — 4pr) 5b(q% —4pr) * 2r
V{g? — dpr)(tanhp(y/— (% — 4pr)6) & (Vef sechp(V (@ = 4p1)0))) 112 1
2r '
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u(x,b) = (_2aq\/q2 —4pr+2a(q* —4pr) 4ar\/q2—4pr(_i_
’ 5b(g? — 4pr) 5b(q% —4pr) * 2r
V(42 — 4pr)(cothp(y/ (g% — 4pr)¢) = (\/cf cschp(y/ (g% — 4pr)E))) D2 (172)
2r ’
u(x, ) = (_21111\/112 — 4pr+2a(q* —4pr) 4ar\/q2—4pr( q
’ 5b(g? —4pr) 5b(q% —4pr) * 2r
V(g% — 4pr) tanhB iV (4% —4pr &) — (cothp( %\/(q —4pr)))) ar)
where ¢ = GW(#" + %t“}.
Case 3:
2a./=pr Y
w(x, b) = (%+ ”5Pbp’(\/ftan3(\/ﬁer(1: )(x“—i—%t"‘))))z (174)
20 2a,/— 1+Y 1642
) = G+ 2T R conp(prot T o PR ars)
2 —
u(x,t):(éZ+“5Vpb’"(\/f(tanB(z\/ﬁe AHY) o 176;7 )+
2
(Vef seep(aypro ) g 168y 02 a7
2a./=pr Y
w(x, £) = (%+ ”SPb”r(—\/f(cotB(z\/ﬁer(” )(x"‘—l—%t"‘))i
2
(VeFesep(ayprot L0 (o 1)) az)
2a  2a,/—pr 1 1+Y 16a?
) = (G + 2P0 P ang (o T (e S5 )
coty (3 /a0 0 (o 4 2%y )2 a7
Case 4
— 2
u(x,t)—(;j+2a5pbpr( /£ tanha(/~pro ”Y) ()P a79)
— 2
u(x,t):(éz—l—zagpbpr(—,/—cothgw/ipre (1+Y) (o E )P (80
20 2a./— T(1+Y 164>
u(x,f)=(£+ uspbpr( V- tanhB @y prot Y (o 75ab #))+
(1/Fsechy(2/—pro HY) “+1765”b2t“))))))2. (181)
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2a  2a./—pr 1+Y 1642
u(x, t) = (%—k 5pbp (=1/— cothB (2/—pro———= —l—ﬁt”‘))i

(v/cfeschg(2+/—pré 1+Y) (2" + 55 t))))))%.

cmgf%e”“ ]%ww
Case 5: ) ) v 1
() = (2 2 g (po ) (o L 1602
2
(e ) = (30 1 20 oty (pp LX) (g 160 )2
2 2
(e t) = (2 4+ 2% tang 2pp L) (4 100 10)) 4 (/Fsecp(2p0 ™Y et 4 1004 2
2
u(et) = (0 1 28 coty(2p8) + (v/ef esen(2pp ) (x4 100 )2
(1) = (2 + 2L tang(2pe) — Leota(Lpo I (n 1 1602
Case 6 2 2 ra+y 16
u(x,t) = (g5 + 55 (- tanhy (po "L Y) (2o %bt“))))z
2
u(x,t) = (éz 22( cothB(pew(x“—l—%t“))))z.
2a r(1 +Y) 164>

u(xt) = (o 4 22— tanhp(2pE) & (1/cfsech (290 (0 4 o))

+2a  2a (1+Y) 164 .\ 12
u(x,t) = (— 7 + 5b( cothg(2p&) + (\/cfeschp(2p0 (x* + 75bt )~
20 2a, 1 1 TA+Y), ,  16a% .. 1 1 TA+Y), , 16a% . . .,
u(x,t) (W+% itanhg(ipﬁi(x +ﬁt )) ECOthB(Epei(x +ﬁt ))))
Case 11:
4ar cq P
u(x,t) = (—g-(- )™
569" r(coshp(g€) — sinhp (g6 -0 (HY) (2 + %t"‘)) +c)
(1+Y) a 4 16a% 1o
sty (_Aar _aleoshi(q?) + sinhs(go L (x4 )
’ 5bq r(coshp(g¢) + sinhg (g6 (HY)( x4 %t“)) +f)
Case 12 .
u(x, t) = (_4am car? " () 2
TS e

5. Physical Behavior of Solutions

(182)

(183)

(184)

(185)

(186)

(187)

(188)

(189)

(190)

(191)

(192)

(193)

(194)

(195)

(196)

In this portion, we presenta the behavior of our gained kink, periodic, singular,
and kink-singular solitons solutions are shown in the following Figures. Figure 1 illus-
trations a kink-singular shape of u(x, t) occur in Equation (51) in (a) 3-dim and (b) 2-dim
graphs withd = 3;a =25 =04,Y =1;,r =050 =0.9;,p = 1,9 = 1,a = 0.8. Figure 2 il-
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lustrations a kink-singular shape of u(x, t) occur in Equation (52) in (a) 3-dim and (b) 2-dim
graphs withd = 3;2 =25b=04Y =1,r =050 =0.3;p =1, = 1,0 = 0.8. Figure 3
illustrations a kink shape of u(x, t) occur in Equation (53) in (a) 3-dim and (b) 2-dim graphs
withd =3, =25b0=04c=13Y=1,Lr=050=03p=19=1,f =15a =08
(Figure 4) illustrations a kink shape of u(x, t) occur in Equation (56) in (a) 3-dim and (b)
2-dim graphs withd = 3;a = 2.5;b = 04,Y = 1,+ = 05,0 = 03;p = 1,9 = 1,a = 0.8.
Figure 5 illustrations a kink-singular shape of u(x, t) occur in Equation (57) in (a) 3-dim and
(b) 2-dim graphs withd = 3;a =05b=14Y =1r=050=1Lp =19 =1a =0.8.
Figure 6 illustrations a periodic shape of u(x, t) occur in Equation (60) in (a) 3-dim and (b)
2-dim graphs withd = 3;a = 5.1;b = 24;,Y = 2;vr = 05,0 =23;p = 1,9 = L,a = 0.5.
Figure 7 illustrations a singular shapeof u(x, t) occur in Equation (61) in (a) 3-dim and (b)
2-dim graphs withd =3;a =2, =04Y =1,m =10 = 0.3;a = 0.6.

6T 7
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500 5
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S S terra '
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Figure 2. Graph of u(x, t) occur in Equation (52) in (a) 3-dim and (b) 2-dim graphs.
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Figure 3. Graph of u(x, t) occur in Equation (53) in (a) 3-dim and (b) 2-dim graphs.
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Figure 5. Graph of u(x, t) occur in Equation (57) in (a) 3-dim and (b) 2-dim graphs
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Figure 6. Graph of u(x, t) occur in Equation (60) in (a) 3-dim and (b) 2-dim graphs.
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Figure 7. Graph of u(x, t) occur in Equation (61) in (a) 3-dim and (b) 2-dim graphs.

6. Conclusions

A new class of truncated M-fractional exact soliton solutions for a truncated M-
fractional (1+1)-dimensional nonlinear modified mixed-KdV model are obtained success-
fully. For this aim; modified extended direct algebraic method is used. The obtained results
including the kink, periodic, singular, and kink-singular soliton solutions. We also discuss
the effect of fractional order derivative. To validate as well as to obtain our results, we
utilized the Mathematica software. Additionally, we depict some of the obtained wave
solitons, using two and three dimensional graphs. The obtained results are useful in the
fields of fluid dynamics, nonlinear optics, ocean engineering and others. Furthermore,
these employed techniques are not only straightforward, but also highly effective when
used to solve non-linear fractional partial differential equations (FPDEs).
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