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Fig. 1. Variations of dispersion relation w = w(k) for the nonlinear dust acoustic waves with different parameters «, p, and mgq,

respectively.

140505-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % ¥R Acta Phys. Sin. Vol. 75, No. 14 (2026) 140505
1.4 1.4
y=1, 04 =0.01 (a) y=1,01=03 (b)
ey =1, 04 =0.1 -y =1,0;=0.6
12F--—-7v=1,04=0.2 1.2+ -—-7=1,0=0.9
v~ 1.67, 04 = 0.01 v~ 1.67,0;=0.3
— yx1.67, 04=0.1 — vy~ 1.67, 0;=0.6
1.0F — v~ 1.67, 04 =0.2 1.0 — = 1.67,01=0.9

=06, mn=0.6,a=0.1
0.4 pn=20.6, mq=0.6, 0;=0.9
0 0.2 0.4 0.6 0.8 1.0
k

0.4 ©n=0.6, mgq=0.6, 0q=0.1

K2 FEETHRRESE oq, o MAELRMERFEEREER w=w(k) M52

Fig. 2. Variations of dispersion relation w = w(k) for the nonlinear dust acoustic waves with different parameters o4 and oy,

respectively.
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Fig. 3. Variations of the nonlinear coefficient A in KP equation with different parameters p, mq, o4 and oj, respectively.
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Fig. 4. Variations of the dispersion coefficient B in KP equation with different parameters p, o4 and o, respectively.
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Fig. 5. Variations of the system phase diagram with different values of the nonthermal ion parameter o under isothermal (v =1)
and adiabatic (y = 5/3) conditions, respectively.
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Fig. 6. Variations of the system phase diagram with different values of p under isothermal (v = 1) and adiabatic (v =5/3) con-
ditions, respectively.
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Fig. 7. Variations of the system phase diagram with different values of the dust grain mass mg under isothermal (v =1) and
adiabatic (v = 5/3) conditions, respectively.
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Fig. 8. Variations of the system phase diagram with different values of o4 under isothermal (v =1) and adiabatic (v =5/3)
conditions, respectively.
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Propagating characteristics of (3+1)-dimensional dust acoustic
waves in an unmagnetized warm dusty plasma

LIN Maimaif WANG Yaping CHEN Fuyan  CUI Haibo

(College of Physics and Electronic Engineering, Northwest Normal University, Lanzhou 730070, China)

( Received 14 January 2026; revised manuscript received 11 March 2026 )

Abstract

Based on the magnetohydrodynamics (MHD) theory, the propagating characteristics of (3+1)-dimensional
nonlinear dust acoustic waves (DAW) have been studied in an unmagnetized warm dusty plasma containing
dust particles, electrons, and ions with nonthermal distribution. Firstly, the dynamic evolution of (341)-
dimensional nonlinear DAW has been investigated by deriving the dispersion relation via the linearized method,
the Kadomtsev—Petviashvili (KP) equation via the reductive perturbation method, and the Sagdeev potential
function via the Sagdeev potential technique. Secondly, numerical simulations have been performed to
investigate the effects of various system parameters on the nonlinear dispersion relation, the KP equation,
phase-space structures, Sagdeev potential profiles, and the dust acoustic solitary waves under the isothermal
(v=1) and adiabatic (v =5/3) conditions. Finally, the results indicate that the propagation properties of
nonlinear rarefactive dust acoustic solitary waves are influenced by various system parameters. Moreover, the
frequency, amplitude, width and waveform of the DAW are affected by nonthermal ions, and particle’s

temperature in an unmagnetized warm dusty plasma under both isothermal and adiabatic states.

Keywords: unmagnetized warm dusty plasma, (3+1)-dimensional nonlinear dust acoustic waves, linearized

method, reductive perturbation method, Sagdeev potential method
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