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Abstract: This article studies diverse forms of lump-type solutions for coupled nonlinear generalized
Zakharov equations (CNL-GZEs) in plasma physics through an appropriate transformation approach
and bilinear equations. By utilizing the positive quadratic assumption in the bilinear equation, the
lump-type solutions are derived. Similarly, by employing a single exponential transformation in the
bilinear equation, the lump one-soliton solutions are derived. Furthermore, by choosing the double
exponential ansatz in the bilinear equation, the lump two-soliton solutions are found. Interaction
behaviors are observed and we also establish a few new solutions in various dimensions (3D and
contour). Furthermore, we compute rogue-wave solutions and lump periodic solutions by employing
proper hyperbolic and trigonometric functions.
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1. Introduction

The study of partial differential equations (PDEs) occurs in various fields such as
theoretical physics, applied mathematics, biological sciences, and engineering sciences.
These PDEs play a crucial role in explaining key scientific phenomena. For instance, the
Korteweg—de Vries equation governs shallow water wave dynamics near ocean shores and
beaches, and the nonlinear Schrédinger’s equation governs the propagation of solitons
through optical fibers. Some examples of PDEs and their applications can be found in [1-8].

Although the above-mentioned PDEs are scalar, a large number of PDEs are coupled.
Some of them are two-coupled PDEs such as the Gear-Grimshaw equation, whereas others
are three-coupled PDEs. An example of a three-coupled PDE is the Wu-Zhang equation.
These coupled PDEs are also calculated in distinct areas of theoretical physics. In this paper,
we will study CNL-GZE used in plasmas.

Lump waves (LWs), as superior nonlinear wave phenomena, have been visualized
in various fields. LWs are theoretically viewed as a limited type of soliton and move
with higher propagating energy compared to general solitons. Consequently, LWs can be
destructive and even catastrophic in certain systems, such as in the ocean and finance. It is
important to be able to find and anticipate LWs in practical applications. In recent years,
studies on lump solutions have increased, leading to more specialized investigations. There-
fore, theoretical investigations of LWs are instrumental in enhancing our understanding
and predicting possible extremes in nonlinear systems [9-13].

Finding the lump solutions of PDEs has become a primary focus in recent years. As a
result, several mathematical experts have developed important schemes in order to solve
PDEs [14-16].
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In this article, we consider the CNL-GZE for the complex envelope u(x, t) of the
high-frequency wave and the real low-frequency field v(x, t), as follows [17]:
ihe + Pxx — 2h2| PP + 29 = 0, )
Pt — Prx — (|@1*) 2 = 0.

where h1 and hy are real constants. The cubic term in Equation (1) represents the nonlinear
self-interaction in the high-frequency subsystem, which corresponds to a self-focusing
effect in plasma physics.

Several researchers have worked on the stated model. For instance, Wang et al. eval-
uated periodic wave solutions for GZEs using the extended F-expansion method [17].
Zheng et al. performed a numerical simulation of a GZ system [18]. Bao et al. developed
numerical schemes for a GZ system [19]. Bhrawy et al. constructed an efficient Jacobi
pseudospectral approximation for a nonlinear complex GZ system [20]. Zhang et al. stud-
ied solitary wave solutions through a variational approach [21]. Similarly, Yildirim et al.
studied some newly discovered soliton solutions of GZEs by applying He’s variational
approach [22]. Li et al. computed additional exact solutions of GZEs through the Exp-
function method [23]. Buhe et al. studied symmetry reductions, conservation laws, and
exact solutions for GZEs [24]. Lin et al. constructed some additional exact solutions for
GZEs through the Exp-function method [23]. Wu et al. studied exact solutions for GZEs
using a variational approach [25]. However, in this paper, we will explore lump, lump-type,
lump one-strip, and lump two-strip solutions for CNL-GZEs through appropriate transfor-
mation methods and bilinear equations. We compute the lump solutions by choosing the
appropriate polynomial function. In addition, we compute lump-periodic and rogue-wave
solutions by using logarithmic transformation.

This article is organized as follows. In Section 2, we form bilinear equations and evalu-
ate lump solutions for the coupled nonlinear generalized Zakharov equations in plasma
physics through appropriate transformation approaches. The solutions are presented along
with with their corresponding graphs. The mixed solutions of soliton and lump waves
are provided in Section 3. We evaluate the lump one-strip and lump two-strip solutions
using suitable profiles in Section 3. By employing a trigonometric ansatz in the bilinear
equation, we compute lump periodic solutions in Section 4. By utilizing a hyperbolic
ansatz in the bilinear equation, we explore rogue-wave solutions in Section 5. Section 6
discusses the results of the obtained solutions, and finally, in Section 7, we present some
concluding remarks.

2. Lump Solution
For the lump solutions of Equation (1), we apply the following ansatz: [26-30],

hzel p(x, t)
q(x1)

then, we obtain the bilinear equations,

plxt) = o ¢(xt) = 2[Ing(x, B, —¢, (2)

2h2h§p3 + 26h3pqt2 + chlhgpqz — ih1h3q2 + pt + ihnhspqq: — 4h3pqqx

+2h3qpxqx — 2h3pq> — h3q*pax + h3pqqxx = 0, 3)
and
h3q*paaiax — q°qudx — 4h3pqapxqx + 3H3p°q% — 2903 — 247Gt + 4 Gxnt
+h3pq* Pxx — h3P°9qxx + 397G xxx — T Gxxx =0, (4)

respectively.
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Now, to obtain the LP solution, the functions p and g in Equations (3) and (4) are
assumed to be [27,28],

p=0+G+a, =+ +as, ®)

where §1 = apx +t, 8 = a1x + t.

In addition, 4;(1 < i < 3) are specific constants. Now, by substituting Equation (5)
into Equations (3) and (4) and solving the equations obtained from the coefficients of x and
t, we obtain:

Set I. The values of unknowns for Equations (3) and (4), respectively, are as follows:

2
—14iv/3 2 hzh +c
ag = %ﬁ h = —w, ay = ay, az = az, ag = do.
and (6)
1-i 1+i
aOZTll ﬂlz%, h3:0/ ap = ap, az = 4as.

Then, the values in Equation (6) generate the required solutions for Equations (3) and (4),
which are, respectively,

2 (c+hph3) u2+<t+(71§7i\/§)x>2+(t+a1x)z>
P10 =— : ,
¢ <u3+ <t+ (7H2]\/§)X>2+(t+ﬂ1x)2>
and (7)
2(—14iv3) <<t+ (71+2i‘/§)2 x) +2a1(t+a1x)>
P11 = , —-c
a3+ <t+ (’1+§ﬁ)x>2+(t+a1x)2
and
ety (e (14 (B)0) "+ (14 (1)%)%)
LY T G} O Y RN () L
and (8)
1y = 20D LA (+(5)0) _
12 ar+ (t+ (52 )2 ) (1 (L) x) ‘

Set IL. The values of the parameters in Equations (3) and (4) are, respectively,

ao jap =33 h = 2,0y = 0,03 = a3.

and 9)
apg = 1,(11 = 1,h3 = h3,a2 = ap,d3 = as.

_ =3+43i
- 4

Then, the values in Equation (9) generate the required solutions for Equations (3) and (4),
which are, respectively,

s = 2O ()

, . : n i)x)z ,

and (10)
21 = 2((’3?3[)(f—(37;3_”)")+(3*23")3

&
+
-
|
—~
*5}
S
K
=
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N
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and
. eiCthl(a2+2(t+x)2)
Yoo = a2t
and (11)
_ 8(t+x)
P22 =—C+ a3+2(t+x)?"

3. Mixed Solutions of Soliton and Lump Waves

In this section, we study the interaction of a lump soliton with a single kink wave and
the interaction of a lump soliton with double kink waves.

3.1. Lump One-Strip Soliton Interaction Solution

To obtain the lump one-strip solution, we use the transformations given in Equa-
tions (3) and (4) [22,27-30]:

p =848 4ay+ bRt g =24 224 g 4 pperv Rt (12)

where ¢ = apx +1t,§ = ayx +t,and a;(1 < i < 3), k1, ky, and by are any constants. Now,
from Equations (12) and (4), we obtain the coefficients of x and t and solve the equations
as follows:

Set I. The values of the parameters in Equations (3) and (4) are, respectively,

_ —18hoh3+8+4+/—ihiky—72hoh3+4 ky = 2++/—9ihiky—72h 2 +4 ao = iay, s = hs, @y =
- 7 - 3 7 - 7 - 7 - 7

9h1+18
and (13)
_ 1-2iv5 _ 142iv/5 __ 69300 __ _ 62100 _ _ 1922 _ _ 1912
ap = 3\[/111_ 3\[/a2__19h§/a3__19hz31/k1__%h3/k2__%h3'

Then, the values in Equation (13) generate the required results for Equations (3) and (4),
which are, respectively,

4 (—18h2h§+8+41 /—9ih1k2—72h2h§+4>t (2+ /7,9,»,11,(2,72;,2,%“),{
1
. Oh 18 Iy | ag+bee2tt 3 +(t+iayx) 2+ (Hax)?

1103;1 = - bl 4
<2+ \/ —9ihiky —72h2}13 +4) x

a3 +bpef2tt 3 +(t+iayx)?+(t+arx)?

and y
(24 v/ oty 7203 ) (14)

1 kot+
2 §b0€2 3 H]

 —18hph34+8+4+/—9ihiky—72hh3+4 n

P31 = 91 +18 (2+ /il ky ~72hp 1 +4) x !

a3+bye 2™ 3 +(t+iayx)?+(t+arx)?
L = (2 + \/—9ih1k2 — 72hah2 + 4) + 2iay (t + iayx) + 2a1 ( + a1x).
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and
1913t 19K3x 2 2
, hgt  19h3x i i
ezcthl boe 90 90 —693(10—&-(1‘-1— (1 2;\/5)«\4) +<l‘+ (1+213\/§)x> )
19h3
Pan = 1912t 19K3x 2 2
3 1993 N .
boe 90 T,693%0,+<t+ a 2‘3@*> +<t+ (”2’3‘/5)")
1914
and
1913t 1913x . . (15)
3 3 — —
2|~ Bppe o0 w24 2072V5) <t+ a Z;ﬁ)x>+nz>
Pi1 = s 2 2
3t 1993 . .
boe 90~ 90 761291;[[310+ e (1 Zg\/g)x +<t+ (1+213ﬁ)x>
2(1+42iV/5) (1-2iv/5)x
I, = 3 t+ 3 .
Set II. The values of the parameters in Equations (3) and (4) are, respectively,
. 6hyh%+3chy+6¢
ap = iay, ky = ———F5———, a3 = a3, hs = h3, a, = ay.
and (16)
_ —1-2iv5 _ _ —142i5 69300 . _ _ 62100 ;. _ _ 1932 1. _ _ 1932
ao—%,al—%,u =220 a3 = — ki = —goh3, ko = —g5h3.

1913 1913 7

Then, the values in Equation (16) generate the required results for Equations (3) and (4),
which are, respectively,

' (6lpiB3+3chy +6¢)x
ethy [ ap+bgef2!t z +(t4ia x)?+(t+a x)?
4]5’1 = (6h2h§+3chl+6c)x 4
a3+boe2't 4 +(t+iayx) >+ (t+arx)?
and 17)
2
) kyt+ (6}12h3+36h1 +6c)x ) . ) ) )
2| zboe 4 +(6h2h3+3ch1+6c)+21a1(t+zu1x) +2aq (t+apx)
(P5’1 = (6h2h%+3ch1+60)x -
a3+boe 2t 4 +(tiag x) 2+ (tarx)?
and
ity 1 %,%_69%0+ py (1720V5)x 2+ gy (1520V5)x 2
e boe 1914 3 3
P52 = 19h2t  19h2x 2 2
3t D3 12 142i
bpe 90 o0 69800 (p (SI2VEXYT () (C1HaVE)x
1913
and
192 1912x (18)
e St g 2(-1-2iv/5 -1-2i\/5
2| —Bppe 90 w0 h§+( — )<t+( + )x>+H3)
P52 = — g s 2 ;2 O
3 3% —1-2iv/5)x —1+42iv/5)x
62100
bpe 90~ 90 —W+(t+(%> +<t+%)
2(—-142iv5 —1-2iv/5)x
fy = 2120 (4 (130

3.2. Lump Double-Strip Soliton Interaction Solution

To obtain the lump two-strip solution, we assume the following transformation [22,27-30]:

2 2 2 2
p= /\ 4 /\ +as + m]€k1x+k2t+k3 4 m26k4x+k5t+k5 , 4= /\ 4 /\ +ag + m1€k1x+k2t+k3 4 m26k4x+k5t+k5, (19)
1 2 1 2
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where \; = a1x +axt, A\ = apx +axt, and a;(1 < i < 4), k;(1 < i < 6), my, and my
are specific real parameters. Now, from Equation (19) and Equation (4), we obtain the
coefficients of x, t, and exp and solve these equations as follows:

SetI. When k5 = k4 = a1 = 0 for Equation (3) and k3 = k¢ = a7 = 0 for Equation (4),
the values of the parameters are, respectively,

b — i(9ihyh3k2 —3apa3hy W3 +iadas) o — 2ky (3ihyh3—2a;) e — 2 (3ihyh3my+2a5)
4= (3ihalZ+az)a; r 2= 3hyh2 s M= —ay+3ily 2
and (20)
NG V6k2—2\/6k2 43k ks 5 1
ap = 603’ kl = 33 5 ’ k2 = g\/6k4k5 — gki — §k2, ag = 0.

5\/%\/5"4"5*2%*%"%

Then, the values in Equation (20) generate the required results for Equations (3) and (4),
which are, respectively,

; 2! (3iy W my+2a5 ) 2ky (Biph3—2a; )t 2
ict 2 4 plint _ apmae 2/13Mp T2 1 2N13—2a
e hy <a3+k6+e my ey i + k3+73hzh§ +k1x
1[) J—
51 = .
or (033 —30yazhohd+idas) |, 2ky (B3 —2a, )t ’
272t — — +he+ | k3t ——F—5—~+kix
(31h2h3+a2)112 3hzh3 (21)
2ky (Bilgh3—2ay )t
4k1 k3+71( 2 32 2) +k1x
3inyh3
951 = i(9iph3K2 ~3azazhyh3 +ia3as ) 2k (3ihph3 207 )1 2= ¢
272! — 31223 25 424 | kst kX
(3ilph3-+az )a 3hyh3
and
2
. Vok3— 2 \/6kZ +3kgks ) x
eicthy A1+< %\@k4k5f§k§f%k§t7( 24 3 56 ‘ 1)2
5/ Vekyks— K3 -1k
Yor1 = —; (o e ) =
k2 — 2 \/6k2 + 3k ks ) ¢
ze1w€+(k5t+k4x)2+< V/6kyks— k3 — 3kt — —HA IS 2)
51/ & Vekks - 8- 12
h%t h%f )
N = az + el0vemq + eloVem, + (k5t + k4x) .
and
(VB3 -3 Vo +3kgks )x | 2 22)
3 +3kyks ) x
2| a, 5¢/ 3 V6kyks—8K3- 12
5/ & Vekgks— 813 - 12
$e,1 = 7 P -
—3_ V6k2 — 2 \/6k2 +3k ks )
2510\/5+(k5t+k4x)2+< %\/5k4k5—§ki—%k§t—( o 1)2
5v/5 Vekaks - 813 13
Az = 2k4(k5t + k4x).

Set II. When ks = k4 = a1 = 0 for Equation (3) and k3 = k¢ = a1 = 0 for Equation (4),
the values of the parameters are, respectively,

4ih2h%€(ﬂ3 —Ll4) _ f1Oa3h2h§+10a4h2h§+2a3672a4c+9k%

%2 = TH0a3hyid +10a3hy 3+ 2asc—2a5c 19k 1 T c(a3—az) ’

k — _ %ick](ﬂ3fﬂ4) m = —m _4

2 —10a3hyh2+10aghyh3+2a3c—2a5¢+9K37 1 27 (23)
and

my = — 2= Bt o — jky ky = iks,ay = 0.

503 74&14

Then, the values in Equation (23) generate the required results for Equations (3) and (4), which
are, respectively,
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4[h2h%c(113—a4)t 4ih2h§c(a3—a4)t
. _ 2 2 _ 2 _ 2 2 _ 2
- e,ctDl a3+ké+(fmzf4)e 10u3112h3+10a4h2h3+2u36 2114C+9k1 T 10u3h2h3+1054h2h3+2113c 2{14E+9k1 D,
71 = P
l/J 41h2h%c(a3—n4)t 4

_ 2 2 _ 2
(113—114)6 a4+k2+23 10{13h2h3+10a4h2h3+2a3c 2a4c+9k1 D,

D = —10613]/121/1% + 106141/12]1% + 2a3¢c — 2a4c + 9k%,

2 24
_ _ 4ikyc(az—ay)t ( )
D, = (k3 3(—10a3hph3+10a3hyh3+2a3c—2a,c+9k2 ) +kix ),
and
dikyc(ag—ay)t
4kq | k3 — 1c(az—ay L
1 < 3 3(710ﬂ3hzh§+10a4h2h§+2a3c—2a4c+9k%) +kix
P71 =—c+ aihyhBe(a3—ay)t
a3 +k2+2e —10a3hyhg+10ayhyh3 +2a5c—2a4c+9K3 D,
and
ez‘cfhl (a3+mz_w+(ik5t+ik4x)2+(k5t+k4x)2)
P81 = 2tay+(ikst+ikgx) 2+ (kst+kgx)? ,
and 5
¢ 22k ikstiky)* + 2k (st +hax)?)
8,1 — .

2+ay+(ikst+ikyx) 2+ (kst+kgx)?

4. Lump Periodic Soliton Solution

To compute the LPS solution, we use the following supposition in Equations (3)
and (4) [22,27-30]:

2
p=/N\+ +ay4 + a5 cos(nyx + t) (26)
1

DT>

2
+ay +azcos(mx+1), qg=/\+
1

DT>

where A\ = Box +t, \, = Byx +t. Inaddition, 4;(1 < i < 5) and n; are various parameters
to be determined. Now, by substituting Equation (26) into Equations (3) and (4) and then
examining the coefficients of x, cos function, and ¢, we obtain the following:

Set I. The values of the parameters for Equations (3) and (4) are, respectively,

_ qim(ay—as)

ny = a;tas ap = —ay, € =¢, a4 = a4.
and (27)
2 2
_ 4(ag+a7) _ _ _ _
np = ap = ap, ¢ = ¢, a4 = a4, az = as.

(ay+ao) (311%4—311% —2) ’

Then, the values in Equation (27) generate the required results for Equations (3) and (4), which

are, respectively,
eicthy, a2+(t+a0x)2+(t+a1x)2+a4C05<t_%>)
Po1 = oy /
<g3+(t+ﬂox)2+(t+u1x)2+a5 C0S<t7%>>
and
o 28
i(ag—a5 )y agsin (t*%> ()
2| 2aq(t-+agx) +2a1 (+arx) + 4{agras)
4)9,1 = —C+ oy~
<a3+(t+a0x)2+(t+a1X)z+ﬂ5 COS<F%>>
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and

. 4(ﬂ2+a2)x
e hy | ap+(t+agx)®+(tH+arx)>+agcos | t—— 0 11—
]< 2+( 0 ) ( tm ) 4 (111+ao)(3a%+3a%—2)
2. 42 4
2 2 4(aF+ad )
a t+apx t+ax a H+———F——
< s+ (t+apx) +(tHa1 )"+ 5C°S< +(u1+a0)(3a5+3a§7z)

P11 =

and
. 4((a3+a3 )
4((dg+at )assin (H(“ﬁﬂo()&—“%i)ﬁ%*z)
(a1-+ag) (33 +347 —2)

) (29)

2| 2ag(t+agx)+2a1 (t+arx)—

$101 = —c+

2 2 4(a%+a%)x
<u3+(t+a0x) +(t+a1x)*+as cos <t+—(al+ﬂ0)(3ﬂ%+3u%iz)
5. Rogue-Wave Solutions

To compute the LPS solution, we use the following supposition in Equations (3)
and (4) [22,27-30]:

2 2 2 2
p=/N\+N\+a2+azcosh(mx+1t), q= N+ /\+as+ascosh(nx+1t) (30)
1 2 1 2

where A\ = apx +t, Ay = a3x + t. In addition, 4;(1 < i < 5) and ny are various parameters
to be determined. Now, by substituting Equation (26) into Equations (3) and (4) and then
examining the coefficients of x, cos function, and ¢, we obtain the following:
Set I. The values of the parameters for Equations (3) and (4), are, respectively,
a4 = —%/ ap = —ay, ap = az, a4 = 44, 43 = 4s.
and (31

a :iao, ay :O, n :1, as = az, ds = as.

Then, the values in Equation (31) generate the solutions for Equations (3) and (4), which
are, respectively,

; ding+hy) cosh(t4nqx
e'thy <ﬂ2+(t*ﬂ1x)2+(f+ﬂlx)2*aS( Lnl(liiii(;sl )( MIA))

Y = (a3+(t7a1x)2+(t+a1x)2+a5 cosh(tJrnzx)) ! 3
and (32)
b111 = 2(—2ay (t—a1x)+2a;1 (t+ayx) fasnpsinh(t4n2x))
’ (03+(t7a1x)2+(t+u1x)2+a5 cosh(t+n2x))
and
. ety (a2+(t+ia0x)2+(t+u1x)2)
Y121 = <a3+(t+iﬂ0x)2+(t+a1x)2+a5 Cosh(t+n2x))'

and (33)
_ 2(2iag (t+iagx)+2ag(t+agx)+asny sinh(t+npx))
P12 = —c+ —vi 2
(113+(t+m0x) +(t+a1x)"+as cosh(t+n2x))

6. Results and Discussion

We observed that the solution 7 1 (x, t) in Equation (7) with a; =10,y = —2,h3 =2,
a3 = 2, and ¢ = 3 formed two lump waves (LWs) known as upper-bright and lower-dark
LWs, and that the bright and dark LWs were symmetrical about the coordinate plane. As
a, varied from a minimum to a maximum number, the two LWs rotated counterclockwise.
When a; = 0, the LW disappeared, but at 2, = 5, the LW gradually reappeared (see
Figure 1). The contour lump-wave profiles for i, 1(x, t) are plotted for 4 = 10,hy = -2,
h3 = 2,a3 = 2, and c = 3 in Figure 2. The mixed solutions of soliton and lump waves
were successfully obtained. Notice that our solution ¢31(x,t) in Equation (14) with
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hy = 10,by = 10, and ¢ = 5 formed lump one-strip waves (LSWs) known as upper-bright
LSWs. The lump one-strip wave profiles for ¢, 1(x,t) are depicted for h; = 10,by = 10,
and ¢ = 5 in Figures 3 and 4. The lump double-strip wave profiles for ¢51(x,t) are
plotted for ks = 4,hy = 2,hy = 4,h3 = 3,ap = 20,a3 = 5,k¢ = 2,mp = 2,and c = 5
in Figures 3, 5 and 6. By utilizing the assumption of the cosine function in bilinear
equations in Equations (3) and (4), we have obtained the lump periodic solutions. We
have successfully obtained the lump periodic graphs for ¢g 1 (x, t), which are plotted for
agp =10,a1 = 5,a, = 4,a3 = 2,a4 = 3,a5 = 5, and h; = 20 in Figure 7. The lump periodic
contour graphs for ¢ 1(x, t) are plotted for ag = 10,47 = 5,4y = 4,43 = 2,44 = 3,a5 =5,
and h; = 20 in Figure 8. By utilizing the assumption of cosine hyperbolic functions in
bilinear equations in Equations (3) and (4), we have obtained the lump periodic solutions.
As a7 varied from —10 to 10, the rogue wave rotated, and its behavior can be seen for
1p11,1(x, t) for hy =4,ay = 3,a3 = 1.5,a5 = 5,n1 = 3,1y = 4, and c = 5in Figure 9.

ke

;10

I

(g)ax =10

Figure 1. Lump-wave profiles for ¢ 1 (x, t) are plotted for ay = 10,hp = —2,h3 = 2,a3 = 2,¢ = 3.
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Figure 2. Contour lump-wave profiles for ¢ 1(x,t) are plotte
a3 =2,c=23.

Figure 3. Cont.

d for aq

10, hy




Mathematics 2023, 11, 2856

11 of 17

104
10 /
06 t 06/
0.0 / |
2 /
.05 tong [T
- / 100
w10 asd usg|
?SDD i 100 )
| F4
{0 g
jan
‘zgg 20000\-
10l 10 Hootﬁf
a0 .
0
51w 1.0 Y
100 p 08 1.0
(d) hs = -1 (£) h3 =8

(8) h3 =10

Figure 3. Lump one-strip wave profiles for ¢3 1 (x, t) are plotted for 1 =10,y = 10,c = 5.

(d) 3 = -1 (e)h3 =5

Figure 4. Cont.
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(g) h3 =10

Figure 4. Contour lump one-strip wave profiles for ¢31(x, t) are plotted for h; = 10,5y = 10,¢ = 5.

(8) k1 =10

Figure 5. Lump double-strip wave profiles for ¢51(x,t) are plotted for k3 = 4,h, = 2,h; = 4,
h3 = 3,6!2 = 20,113 = 5,k6 = 2,11’12 = 2,C =5.
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Figure 6. Contour profiles for Figure 5.

Figure 7. Cont.
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@c=-1
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Figure 7. Lump periodic graphs for ¢q1(x,t) are plotted for ay = 10,47 = 5,4, = 4,a3 = 2,
as = 3,&15 = 5,h1 = 20.
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Figure 8. Cont.
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(8)c=10

Figure 8. Lump periodic contour graphs for ¢q1(x,t) are plotted for ay = 10,a; = 5,0, = 4,
a3 =2,a4 = 3,a5 = 5,h; = 20.

Figure 9. Rogue-wave profiles for 11 1(x, t) are plotted for hy = 4,ap = 3,a3 = 1.5,a5 = 5,n1 =
3,np =4,c=>5.

7. Concluding Remarks

In this paper, we have studied multiple forms of lump solutions for CNL-GZEs in
plasma physics using appropriate transformation approaches, bilinear equations, and
symbolic computations. By utilizing the positive quadratic assumption in the bilinear
equation, we have derived the lump-type solutions. We have evaluated the lump one-
soliton solutions through a single exponential function transformation in the bilinear
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equation. Similarly, we have computed the lump two-soliton solutions using a double
exponential function transformation in the bilinear equation. Mixed solutions of lump
waves and solitons have been successfully evaluated. Furthermore, we have computed
rogue-wave solutions and lump periodic solutions by utilizing appropriate hyperbolic
and trigonometric functions. We have identified certain constraint values throughout the
derivation of the solutions that must hold for the soliton solution to exist. The presented
solutions have valuable uses in plasma physics.
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