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Fig. 3. Transversals of truncated series solution Z?:o ug for (k=0,1,2,3) whenn=3,a=1,h(t) =t m=05¢c=1¢=0.1,
a=2band t=0,y=0.
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Abstract

This paper is devoted to constructing series solutions to one kind of perturbed Kadomtsev-Petviashvili
(KP) equations, of which the perturbation terms are of all six-order derivatives of space variable z and y.
First, by making the series solutions expansion with respect to the homotopy parameter ¢, the homotopy model
of the perturbed KP equations can be decomposed into infinite number of approximate equations of the general
form. Second, Lie symmetry method is applied to these approximate equations to achieve similarity solutions
and the related similarity equations with common formulae in three cases. Third, for the first few similarity
equations in the third case, Jacobi elliptic function solutions are constructed through a step-by-step procedure
and are also subject to common formulae for each equation of the whole kind of perturbed KP equations.
Finally, one kind of compact series solutions for the original perturbed KP equations is obtained from these
Jacobi elliptic function solutions. The convergence of these series solution is dependent on perturbation
parameter e, auxiliary parameter # and arbitrary constants {a,b,c}, among which the most prominent is
decreasing arbitrary constant c¢ or perturbation parameter €. For the perturbation term in perturbed KP
equations, given the derivative order n of u with respect to y, smaller (greater) |a/b| causes the improved
convergence provided n <1 (n > 3). Nonetheless, the decrease of arbitrary constant |c| or |a/b| leads to the
enlargement of period in a certain direction and thus should be specified appropriately. This paper also
considers the perturbed KP equations with more general perturbation terms. Only if the derivative order of the
perturbation term is an even number, do Jacobi elliptic function series solutions exist for perturbed KP

equations. The existence of series solutions can serve as a criterion of solvability for perturbed equations.

Keywords: approximate homotopy symmetry method, perturbed Kadomtsev-Petviashvili equation, series

solutions, convergence

PACS: 02.30.Jr, 02.30.1k, 05.45.Yv DOI: 10.7498/aps.68.20190333

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11505094, 11775116) and the Natural
Science Foundation of Jiangsu Province, China (Grant No. BK20150984).

1 Corresponding author. E-mail: jiaoxiaoyu@nufe.edu.cn

140201-8


http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1016/S0020-7462(98)00056-0
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1023/A:1008373627897
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1017/S0022112001007169
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1088/0256-307X/26/4/040202
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.1111/sapm.2015.134.issue-3
http://dx.doi.org/10.7498/aps.68.20190333
mailto:jiaoxiaoyu@nufe.edu.cn
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

