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Fig. 3. Variations of the nonlinear coefficient 4 in KP equation with different parameters g.-m, .

0,_and o, ,respectively.

B 3 3R 1 KP TRE AR ENE R A AEARREAC IR B R B TR AR AR, ASIA]
PSR BAER R . W 3 T LLE e o2 SR & (y = 1)k 24t

IRy =5/3), KP TAREMARLYE R 2 4 B =FE% nonthermal & 1% o (15K
ERIIEEEY, MHEMRESH y, m, o, Mo KR A4 KRR A RCR
WAFAEZ S . B 3@ AR I: 2y =1F81y=5/31F, KP TRERIAELME R4 4
K WA AN B LT 5 8 08 B 2 B e I SE RTTRl S (BB 3(b) R ARk
UKL o 58y W ARZRAE R A A B2 MG S AR e o T 1 3(c) AN &S 3(d) ALl 45

VU2 B A4 2 o AR R BORE . HELT AT R B 2 B X AR 2t R B 4 15 99 B A7 AE
R .



ARV T RGESH w, o Mo, BONEERS, 5 RMATAPIFIINT IR
T, KP T BEL R E B % nonthermal B T %o IEALE . MR AHER I :
My =1F1y=>5/30, 4B R %L B i nonthermal B4 o I 3G J0 T 3G K 1 AR 40 34
TR —2L MHERGSE w, o Mo WIZPHE K FEEERE B BHT/N .

XM, AR IR TR R AR . T ST IR BESRE
SR AR ZR A A TR P I ) A

1.2 1.2 1.2

— — y=1,4=03 - — y=1,04=001 | | - _ y=1,01=0.3
- = 7=Lup=06 s - = y=104=01 - — v=1,0=06
10— = v=Lp=09 Vs 10 = = 7=1,00=0.2 1 ILOF = = y=1,0:=09
—— 7y~ 1.67,u=03 , v~ 1.67,04 = 0.01 vy~ 1.67,0; = 0.3
y & 1.67, 4= 0.67 y A 1.67,00 = 0.1 s . 7
.67, 104 —y~167,6:=0.6 , ,
0.8 v~ 167, 1 :""929/ 0.8 v~ 1.67,0q4 = 0.2 ] 0.8F ~ ~ 1.67, ov=09 #f
M 06} </ M 0.6 1 ™ o6} 2/
7/ v/
0.4
02t ===

(b) vg =1, p=0.6, o3 =0.9

02 04 06 038 1.0 ’ 02 04 06 08 1.0
« «

Kl 4 ERTHRRESE 1. o, o, % KP TR ERE B 152

Fig. 4. Variations of the dispersion coefficient B in KP equation with different parameters u, 0,.

and o, , respectively.

HEEZ N, EHELQ+D)YEAE LMD IR S B AR, O ER i T4
RRWIEN: 1 Je+ D YRR AL B AL B M ) KP 5 FE AR etk s Ak R4 4 0
AL B, 28 nonthermal B 1% 38 K/, XEIREG+H)4EIEL M
DR PR B 2 . IR, ARRE AR IR B 1Pk rh A SR TR
BT B TIECE R RESRESET Q+D)MG+1) FERR MR BN 1 %
M) -t 25 ANAH 7] o

4. INRIBIF LM SRR B R BB D 4FAE 74

Rk KP FREAH AW NIEXREIMSLWE: 6 =46, (9), O0=kE+In+md —u,t,
Hk, 1, m0RE n, OFRIRIBEEL u, ABEE. (14T LA



3 2
dﬂ @dﬂ B3d@ c7Hd@ Fd@ =0 (15)
de 40 do dg> ~ do

(15)x B Ja v 15

& C@%Hﬁ—m% y

= _ 2 16
do? Bm* ¢ 2Bm2¢1 (16)
oA Y H B RS
4,
do an
ggz_cgﬂuﬁ—m%¢_ 4
do Bm* " oBm® "

B R BAEA D B T B, R0 2 RS R R S B0 AR 2tk AR R A I
(R12h 3 =R AR I RSCR

Bl 5 2R (y = DYRgaii(y = 5/3)YIRE T, RGAHEIRE nonthermal B4 o 11K ]

Fig. 5. Variations of the system phase diagram with different values of the nonthermal ion

parameter o under isothermal (y = 1) and adiabatic (y = 5/3) conditions, respectively.

Bl 5 451 T & A nonthermal & ¥ FIAERIAL IR IR B 1A R G, —4E40F
I FRIAH LT 25 M BE % nonthermal 8540 o R IR ALEFAE, b 225005 B EUE A
u=0.6, m=06, o,=0.1, a,=09. INE 5@). b)F(c)rfLEH: fEy=11

SRRET, 4 nonthermal & 74 o 70574 0.3, 0.6, 0.9 i, fEIAERAfL#A 1R
EETRRGH, MM SR 5, 200 B s SR 55 i 3 1%

10



FRAE; SUEIRIIT, 78 PO i BT o A A 2 Ve S 3RE It A R IE s S35k, I L
T B[R] U [R)AE PO S5 R0 X U5 B TR R G R R I T =R
TH I =P, B2 JEZ 1 BA AN B I e i . 3, BRIRIE—2D R
Bi% nonthermal &5 4N, FRGEAR 23 18] o (1) = AR B IE BTt I8 (14 4 2 7] [X 35
2 ISR L % . B 5(d)~ () MO T y=5/3MAHARIL T, KRG
BB RIS S 2Rk %s . 4% EFTIR, nonthermal B T30t dERALH R 2 4555
T R G = RAH PG AEAH 7 (8] H AR AE DX R AN 3

VA E&5 105 O ST Q+ D4R 2t A 5 A I 1 B B 7R 45 SR B2, |
HHE LS R e m e s B B AR R R X, G4
FRLR PR AN FE P R R HRIE /N T R AR AL, 1K 5 2+ D) 4R T “1X
FEERIE R T Z R R8I0 IR EAE.

(a)y=1,u=03 5 b)vy=1,u=0.6

(f) v~ 1.67, = 0.9 5

:{7
v

Bl 6 iR (y = DYFZaii(y = 5/3)YRE T, RGAMEBESH 1 0L

Fig. 6. Variations of the system phase diagram with different values of 4 _under

isothermal (y =1) and adiabatic (y = 5/3) conditions, respectively.

K 6 487 1 AH EIBE A P ATIRAS T A9 75 B T RO L p R AL,
a=0.1, m;=06, 0,=0.1, 0,=0.9. MEHAHEH: 7Ey=11FHREM
y=53MLEHRE T, RERGIRESH W BUE S A, HIZERNE—4
Hrl sy — AN R S RE IR A R R A, BRI S AR R AR AR

11



Wo SZAFRE, =IFPUEFAAAERMHER XIS R RS w27 2R

PRI RONE o TX U B 12 2R G P RSB ) 0 1 B0 S PR AR AR A2 ik AR i 7S
P P B GO 2

(&) y=1, mq=0.3 s (b) vy =1, mq =0.6 s (c)’y—l md—09
Z / Z

s () v~ 1.67, mq =09 ?

B 7 %R (y = D)F4adi(y = 5/3)IRE T, RGO EIBE A2 B BRI 5 m, 1035 A6 LA

Fig. 7. Variations of the system phase diagram with different values of the dust grain mass m,

under isothermal (y = 1) and adiabatic (y = 5/3) conditions, respectively.

B 7 45 T 4 A RS B S IR ORI m, AR
a=0.1, u=0.6, 6,=0.1, 6, = 0.9 . NEH ] LLFE HIEEHR(y = 1)Ly =5/3)
FIFRA R, % F & nonthermal B IERIML M RIRER K RIS, HN
FRER R R A PRI R 25D P A R B R I TR LT AP RS
1543 52 B A VRIGURL I B m, (FREE o 30 R 0 K 1 A R 2 43 1 55 R G 1Y
FELRAE T VG, AE AT IO (¥ A 4328 58 25 5 SR AR 7E 50 1 X B Ay, AT 56
U IR 5 R P B P R R R

K8 A T B TIRESHa=01, =06, m =06, ¢,=09K, &
o, AU 4B IG RGMEIE . BURER: RGUIRESE o, W AAPUIRE
TRGAMEREAEANNE . BEBlo, =T, /T , HE B S T U E,
E£ % nonthermal 25 AR AL R AR A B 7 oy, AR BRI 5 85 71 BE 2 TR 7Y

12



ECAE R Sl ) J A AT I e ) FA TR Y IR 2RV« AR 3
FARSLIEAEAN RN BE LE R R I — & 2] o

(a) vy =1, oq = 0.01 " (b) vy =1, 04 =0.1 = (¢) vy=1, 04 =0.2

b1
5 (f) v = 1.67, 0q = 0.2

%i*ﬁ ;4‘

B8 %if(y =D)fdash(y=5/3YRE T, RGMERESH o, MELIHE

Fig. 8. Variations of the system phase diagram with different values of o, _under

isothermal (y = 1) and adiabatic (y = 5/3) conditions, respectively.

5 (a) vy=1,0,=0.3 . 5 (b)) vy =1, 0y = 0.6

Z 7 30

25

20

1S

10

5

0

-5
-10
-15

9 25 (y = DRIy = 5/3)RE T, RGBS o, LI
Fig. 9. Variations of the system phase diagram with different values of ¢, under
isothermal ( y = 1) and adiabatic ( y = 5/3) conditions, respectively.

B9 4t AR IR PIAUIRES S, 2800, 0 4k B A R GUAH B R 120

1$’ EEF‘OC=01, lu=06’ md=06’ O'd=0.lo %Ulﬁ\%uﬂl'fﬁo:;’ 067 09 HTJ"
13



EHAC AR EE B AR R, ot i B S SR IR UE AP AE . 2P
b, BARERET: ZeE . ARERNE R IIE LA R 16 BUE P A A XA 2 ) X 2 A

o, IE D K 2 BZBCAE B 3 o I 10 I &1 A i 7R 22 LU AN R &

G AL A A IR P I R AN A AE — 18 22 e I 2
X (16) IR 7r—k, T15 Sagdeev # J7F2:

1(dgY _
2(d6j +V(¢1) 0 (18)
Hr Sagdeev H R HECHW T IEA:

C(k*+1*)—mu A
Vid)= | 2Bm)4 0¢12+6Bm2¢13 (19)

Bk, BRTEE TR REZFIRESE Sagdeev H R E1I A8 B

dr(¢)

1

A FIF TR TR B 24 Sagdeev % BRALH 2 6,=0 iF, 7 (¢,)=0, =0 H

d£?1)<05’3$1¢, RGAFAEILE . MBS T, rIsREanE 10 A1

K11 iy, BT . nonthermal &0 42 BT T 4 R ) AR R AL P A2 e A
THRRGH, Sagdeev H eV (4) B2 FIRES AL

20 e 20 T 20 T -
AR\ (a) p = 0.6, mq = 0.6 \ (b)yax = 0.1, mq = 0.6 W\ (c)a=10.1, p=0.6
A\ \ oa =0.1, o1 = 0.9 \ ogqa=0.1, 01 = 0.9 W 1 oqa=0.1, 0y =0.9
\
10 PN\ 10 P\ 10 F \
\\\‘ TN\
S 1\”“:"
0 0 ) of
= 10 ) = .10 = .10
B YW S \ B
YL\\‘ “s:;&
20F N 20} \ 20}
y=1,a=0.3 4% ‘\ - \ o o
- = y=1,a=06 \\ “‘ -- \\ o o4
— — y=1,0=09 \, - — 4y=1,2=09 \v -
30} z% l.(??,a 08 \ \‘\ 30}f L \\ 30 1
4 A~ 1.67,0 = 0.6 IRV v 167;—0() \
v~ 1.67,a =0.9 LW\ v~ 1.67,u=0.9 \
-40 -40 -40
=1 0 1 2 = 0 1 2 = 0 1 2
b1 > [

K10 SIRMAPRAET, Sagdeey BEEV (4) B, p, my RGN

Fig. 10. Variations of the Sagdeev potential V(¢ ) _under isothermal and adiabatic conditions

with different parameters o, g _and m,, respectively.
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Fig. 13. The waveform variations of solitary waves ¢, ((9) with different parameters o, _and

0, . respectively.

5. 4518

ASCHRV T AR A AR RS 1A P B+ )RR 2R 1tk 2R 4 7 AN A 1 s
fib, HAiZ ARG HHE T nonthermal &7 FIAEBBURI T K. B, HEST I
TARRFE WA IE OO R WE, AL EENEAHES, 82 HRRAL MR
AR ek AR e P a8 S A R (1) KP U7 2, JFa8 & BUERI AT 4 3818 14k
WM N ARG TR RGAL T A5 IRAN L P RIRZS I, ANEZHonf KP J5 AR
LMk AR MO R B SRRy, 5S4k BR R EEsh /14T NI T4l
RN Z5EE TR RG T RN AL . ARZ A I A Bl AL o 4%
TR, XS Sagdeev H R BN T4 RAhE : AAFERAMGAPIMIRE T, RGH
SAFEIRIE /N T2 R RN, 1R AL TV E IR . a2 1
FEART IR R TS T 5 TG . nonthermal & 15 &L RN T
R T 5 RRNRE S L DN RESEL, e W ARS8 T R
RIS FE PP IRNE T8 RAR RPN, FLR AR RIS T 2

17



PN

[1] Rosenberg M, Kalman G 1997 Phys. Rev. E 56 7166

[2] Gill TS, Bains A S, Bedi C 2010 Phys. Plasmas 17 013701

[3] El-Taibany W F, El-Bedwehy N A, El-Shamy E F 2011 Phys. Plasmas 18 033703

[4] Sabry R, Moslem W M, Shukla P K 2009 Phys. Plasmas 16 032302

[5] Singh K, Kaur N, Saini N S 2017 Phys. Plasmas 24 063703

[6] Ghosh S, Bharuthram R, Khan M, Gupta M R 2004 Phys. Plasmas 11 3602

[7] El-Taibany W F, Wadati Miki, Sabry R 2007 Phys. Plasmas 14 032304

[8] Ghosh U N, Chatterjee P 2012 Indian J. Phys. 86 407

[9] Seadawy A R, Lu D 2016 Results Phys. 6 590

[10]Bhakta S, Ghosh U, Sarkar S 2017 Phys. Plasmas 24 023704

[11]Igbal M, Seadawy A R, Lu D, Zhang Z D 2019 Mod. Phys. Lett. B 38 2341016

[12]1El-Bedwehy N A, El-Taibany W F 2020 Phys. Plasmas 27 012107

[13]Bliokh PV, Yaroshenko V V 1985 Sov. Astron. 29 330

[14]Goertz C K 1989 Rev. Geophys. 27 271

[15]Alam N, Mannan A, Mamun A A 2023 AIP Adv. 13 105104

[16]Shahzad M A, Aman-ur-Rehman, Ahmad M, Sarfraz M, Bilal M, Mahmood S
2024 Phys. Lett. A 502 129397

[17]Rao N N, Shukla P K, Yu MY 1990 Planet. Space Sci. 38 543

[18]Barkan A, Merlino R L, Angelo D N 1995 Phys. Plasmas. 2 3563

[19]Xie B S, He K F, Huang Z Q 1999 Phys. Plasmas 6 3808

[20]Schamel H 1986 Phys. Rep. 140 161

[21]Gao D N, Zhen X J, Lin S M, Zhao L 2025 Phys. Plasmas 32 112113

[22]Lin M M, Song C G, Wang M Y, Chen F Y 2024 Acta Phys. Sin. 73 075201 (in
Chinese) [MZ %2, Rjgdt, FMH, PREHE 2024 Y)H 2R 73 075201]

[23]Bezbaruah T, Karmakar P K 2024 Chin. J. Phys. 89 1611

[24]Naeem S N, Qamar A, Rahman A, Albalawi W 2023 Z. Naturforsch. A 78 1081
[25]Lin M M, FuY J, Song Q Y, Yu T X, Wen H S, Jiang L 2022 Acta Phys. Sin. 71
095203 (in Chinese) [#A3232, AIRi#E, REKF, THE, SCHEIY, #7E 2022

18



VPR 2A4R 71 095203]

[26]Singh K, Kakad A, Kakad B, Kourakis 1 2022 Astron. Astrophys. 666 A37

[27]Dubinov A E, Kitayev I N 2023 High Temp. 61 11

[28]Gogoi P, Chutia B, Sut P, Bailung Y, Adhikary N C, Bailung H 2024 Phys.
Plasmas 31 023706

[29]Mamun A A, Cairns R A, Shukla P K 1996 Phys. Plasmas 3 2610

[30]Cairns R A, Mamun A A, Bingham R, Bostrom R, Dendy R O, Nairn C M C,
Shukla P K 1995 Geophys. Res. Lett. 22 2709

[31]Mamuna A A, Russell S M, Cesar A, Mendoza-Bricefio C A, Alamb M N, Datta T
K, Das A K 2000 Planet. Space Sci. 48 163

[32]Kalita B C, Kalita R, Das S 2024 Astrophysics 67 80

[33]Baluku T K, Hellberg M A, Kourakis I, Saini N S 2010 Phys. Plasmas 17 053702

[34]Sahu B, Tribeche M 2012 Astrophys. Space Sci. 338 259

[35]Saha A, Tamang J 2018 Adv. Space. Res. 63 1596

[36]Pakzad H R, Tribeche M 2012 J. Fusion Energy 31 611

[37]Kadomtsev B B, Petviashvili V 1 1970 Sov. Phys. Dokl. 15 539

[38]Singh K, Sethi P, Saini N S 2018 Phys. Plasmas 25 033705

[39]Mir A, Bandyopadhyay P, Choudhury M, Kumar K, Sen A 2025 Phys. Rev. E 111
065201

[40]Arshad M, Seadawy A R, Tanveer M, Yasin F 2023 Fractal Fract. 7 691

19



The Propagating Characteristics of (3+1)-Dimensional
Dust Acoustic Waves

in an Unmagnetized Warm Dusty Plasma
Lin Mai-mai’ Wang Ya-ping Chen Fu-yan Cui hai-bo
(College of Physics and Electronic Engineering, Northwest Normal University,
Lanzhou Gansu 730070, China)
Abstract: Based on the magnetohydrodynamics (MHD) theory, the propagating

characters of (3+1)-dimensional nonlinear dust acoustic waves (DAW) have been

studied in an unmagnetized warm dusty plasma which containing with the dust
particles, electrons, and nonthermal distributed ions respectively. Firstly, the dynamic

evolution of (3+1)-dimensional nonlinear DAW has been invesgated with the

dispersion relation, the Kadomtsev—Petviashvili (KP) equation and the Sagdeev

potential function by the help of the linearized method, the reductive perturbation

method and the Sagdeev potential technique, respectively. Secondly, the numerical

simulations have been performed to research the effects of various system parameters
on the nonlinear dispersion relation, the KP equation, the phase-space structures, the

Sagdeev potential profiles, and the dust acoustic solitary waves for the-isothermal

(y=1) and adiabatic (y=5/3) conditions, respectively. Finally, the results can be

concluded that the propagating properties of the nonlinear rarefactive dust acoustic

solitary wave can be influenced by the various system parameters. Moreover, the

frequency, the amplitude, the width and the waveformof DAW have been effected by

the nonthermal ions. the partical’s temperature in an unmagnatized warm dusty

plasma under the isothermal and adiabatic states, respectively.

Keywords: unmagnetized warm dusty plasma, (3+1)-dimensional nonlinear dust
acoustic waves, linearized method, reductive perturbation method, Sagdeev potential

method
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