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Fig. 1. Comparison of quasi-soliton solution (11) with the classical solion solution (9). Wave param-
eters are selected as V3 =1, Vo = —1, V =1, § = 1 and coefficients of the KdV eqation are A = 6,

B =1.
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Fig. 2. Two soliton interaction given by equation (14).
Wave parameters are selected as V3 = 1.25, Vo = 0.75,
¢ = 0.75 and coefficients of the KAV eqation are A = 6,
B=1.
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Fig. 3. Variation of the ion acoustic (IA) quasi-soliton structure with respect to the electron superthermality .
Wave parameters are e = 0.1, m = 0.02, 6 = —1, V; = —V5 = 0.05, 2 =0.3, 0 = 0.01, I = 0.5 and [, = 0.3.
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Fig. 4. Variation of the IA quasi-soliton structure with respect to the ion to electron temperature ratio o for € = 0.05,
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Fig. 6. Variation of the IA quasi-soliton structure with respect to obliqueness [, for ¢ = 0.1, m = 0.02,
§=—-1,Vi=—Vo =004,z =05, 2=03,0 =001 and x = 3.
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) 0] 5 7 HEDIOL PR B B . AR SC4A
) DT 7~ i ] 97 FH 280) 40 B 2 f A 22 4003 437 2,
AR AEDIL TR “ AR INSL T, HFAE SRS

HEAAE R TS b 45 4 G TR Z IE.

ff A
Hy Al Hy AR FE N
Hy = 26a1v/m(1+m)(1 —mS*)*CD
— az(1 +m*S®) + 2a3mS*(1 + m>S*)
- 2a4m254,
Hy = dm(1 4+ m)*S*(1 + m>S*)
—46v/m(1 +m)(1 —mS?)?
— (m® 4+ 6m 4+ 1)(1 +m*S®)
—2m?*S*(Tm? + 10m + 7).
Hi W, a1, az, asz Al aqg ATRIEA:
a1 = (Tm® +18m + T)Vi — (5m” + 22m + 5)Va,
az = (2m* + 36m® + 52m* + 36m + 2)V;
— (1 +m)*(m® + 30m + 1)V,
as = (17m* + 52m® + 118m> + 52m + 17)V4
— (13m* 4 52m® 4 126m* + 52m + 13)Va,
as = (20m* 4+ 116m* 4+ 112m> + 116m + 20)V;
— (13m®* 4 120m® + 118m” + 120m + 13)Va
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and its application in ion acoustic waves”
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Abstract

Investigation of interaction between solitons and their background small amplitude waves has been an interesting
topic in numerical study for more than three decades. A classical soliton accompanied with oscillatory tails to infinite
extent in space, is an interesting quasi-soliton, which has been revealed in experimental study and really observed.
However, analytical solution of such a special quasi-soliton structure is rarely considered. In this paper, two branches of
soliton-cnoidal wave solution as well as the two-soliton solution of the Korteweg-de Vries (KdV) equation are obtained by
the generalized tanh expansion method. The exact relation between the soliton-cnoidal wave solution and the classical
soliton solution of the KdV equation is established. By choosing suitable wave parameters, the quasi-soliton behavior of
the soliton-cnoidal wave solution is revealed. It is found that with modulus of the Jacobi elliptic function approaching
to zero asymptotically, the oscillating tails can be minimized and the soliton core of the soliton-cnoidal wave turns closer
to the classical soliton solution. In addition, the quasi-soliton structure is revealed in a plasma physics system. By the
reductive perturbation approach, the KdV equation modeling ion acoustic waves in an ideal homogeneous magnetized
plasma is derived. It is confirmed that the waveform of the quasi-soliton is significantly influenced by the electron
distribution, temperature ratio of ion to electron, magnetic field strength, and magnetic field direction. Interestingly, the
amplitude of the quasi-soliton keeps constant due to the (2-independence of nonlinear coefficient A. The width of the
soliton core and the wavelength of the surrounded periodic wave become constant with the further increase of 2. The
explicit soliton-cnoidal wave solution with quasi-soliton behavior obtained here is applicable to many physical scenarios.
For instance, the quasi-soliton structure can be viewed as a classical soliton with perturbations, and can correct the

classical soliton in both theoretical and experimental study.

Keywords: Korteweg-de Vries equation, soliton-cnoidal wave, quasi-soliton behavior, ion acoustic wave
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