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B1 BT REARSE p2(2)= sech(2), q1(2)=1,
ro(z)= —exp(z), bi1= 0.05, ba= 0.3, c1= 0.06, ca= 0.7,
di= 0.07, do= 04, y =1, z =1, k1= 0.8, ko= 0.68,
a=0.18

Fig. 1. Specific parameters of bright solitons. pa(z)=
sech(z), qi1(2)= 1, ro(z)= —exp(z), bi= 0.05, ba= 0.3,
c1=0.06, ca= 0.7, d1=0.07, d2=04, y=1,2=1, k1=
0.8, k2= 0.68, o= 0.18.
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B2 BAEWMTHEESHECEENEHEGESIMTIEEEM  (a)p2(2)= 0.5(tanhz2)?, a= 0.222; (b)p2(2)= 0.5
[tanh(0.52)]2, o = 0.222; (¢) p2(2) = 0.5[tanh(1.52)]2, o = 0.222; (d) p2(z) = 0.5(tanhz)?, o = 0414, HAZH q1(2)= 0.5 2, ro(2)=
—exp(z), b= 0.45, bo= 0.47, c1= 0.25, co= 0.24, d1= 0.67, do =044, y =1, 2z =1, k1= 0.8, ko = 0.68; (¢) x = 0 i}, F &
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Fig. 2. Effect of specific parameters of mixed solitons and spectral filtering function on the morphology of mixed solitons. (a) p2(z) =
0.5(tanhz)?, a= 0.222; (b)pa(z)= 0.5[tanh(0.52)]%, a= 0.222; (c)p2(z)= 0.5[tanh(1.52)]?, a = 0.222; (d) p2(z)= 0.5(tanhz)?,

a = 0414, other parameters qi1(z)= 0.5 z, r2(2)= —exp(z), bi1= 0.45, ba= 0.47, c1= 0.25, ca= 0.24, d1 = 0.67, do = 0.44, y =
1,2=1, k1= 0.8, k2 = 0.68; (¢) when z = 0, ulse contrast of panel (a) and (b); (f) when z = 0, pulse contrast of panel (a) and (c).
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Fig. 3. Effect of nonlinear gain-absorption coefficient function on the morphology of mixed solitons. (a) g1 (z)= 2z; (b) ¢1(z)= 0.3 7,
other parameters pa(z)= O.L’)(tanhz)27 ro(z)= —exp(z), bi= 0.45, bo= 0.47, c1= 0.25, co= 0.24, d1= 0.67, do= 044, y = 1,
z=1, k1= 0.8, ko= 0.68, a= 0.222; (c) when z = 0, Fig. 2(a) and Fig. 3(a) pulse contrast; (f) when z = 0, Fig. 2(a) and
Fig. 3(b) pulse contrast.
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K4 28 aREIMFESIEN  (a) a=0.282; (b)a= 0.182, HAZ M p2(2) = 0.5(tanhz)?, q1(2)= 0.5 2, r2(2) =—exp(2),
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Fig. 4. Effect of parameter o on morphology of mixed soliton. (a)a = 0.282, (b) a = 0.182, other parameters pz(z)= 0.5(tanhz)?,
q1(2)= 0.5z, r2(2) =—exp(z), b1= 045, bo= 0.47, c1= 0.25, ca= 0.24, d1=0.67, do= 044, y =1, 2= 1, k1= 0.8, ko= 0.68;
(¢) when z = 0, pulse contrast of Fig. 2(a) and Figs. 4(a), (b); (d) partial magnify figure.

100504-5



¥ 1B ¥ Acta Phys. Sin.

Vol. 72, No. 10 (2023)

100504

(b)

10

B 5  #HHAEEIMHEASINT RS () b = 0.9, ba= 047, ¢c1= 0.25, ca= 0.24, d1 = 0.67, da= 0.44; (b) by = 0.45, ba= 0.47,
c1= 0.6, ca= 0.24, d1= 0.67, da= 0.44; (c) by= 0.45, ba= 0.47, c1= 0.25, ca= 0.24, d1= 0.9, do= 0.44; (d) by = 0.45, by= 0.7,
c1=0.25, ca= 0.24, d1 = 0.67, do= 0.44; (e) by = 0.45, ba= 0.47, c1= 0.25, ca= 0.6, d1= 0.67, da= 0.44; (f) b1 = 0.45, ba= 0.47,
c1=0.25, co= 0.24, d1 = 0.67, do= 0.6, RS KA pa(2)= 0.5(tanhz)?, ¢q1(2)= 0.5z, ra(2)= —exp(z),y=1,2=1, k1= 0.8,

ko =0.68, oo = 0.222

Fig. 5. Effect of constant variable on morphology of mixed soliton. (a)bi= 0.9, bao= 0.47, c1= 0.25, ca= 0.24, di1= 0.67,
d2= 0.44; (b)bi= 0.45, ba= 047, c1= 0.6, ca= 0.24, d1= 0.67, do= 0.44; (c) bi= 0.45, ba= 0.47, c1= 0.25, co = 0.24,
di= 0.9, dy= 0.44; (d)b1= 0.45, b= 0.7, c1= 0.25, co= 0.24, dy = 0.67, da= 0.44; () b1 = 0.45, by= 0.47, c1= 0.25, co= 0.6,
di= 0.67, do= 0.44; (f)by= 0.45, ba= 0.47, c1= 0.25, ca= 0.24, d1= 0.67, do= 0.6, other parameters p2(z) :0.5(tanhz)2,
q1(2) = 0.5z, r2(2) =—exp(2),y=1,2=1, k1= 0.8, ko= 0.68, a = 0.222.
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SPECIAL TOPIC—Nonlinear system theory and its frontier applications

Propagation characteristics of bright and mixed solitons based
on the variable coefficient (3+1)-dimensional cubic-quintic
complex Ginzburg-Landau equation”

Yang Jia-Qi  Liu Wen-Junf
(School of Science, Beijing University of Posts and Telecommunications, Beijing 100876, China)

( Received 24 December 2022; revised manuscript received 18 January 2023 )

Abstract

In the study of telecommunication system, the variable coefficient (3+1)-dimensional cubic-quintic complex
Ginzburg-Landau equation is used as the optical solitons transmission model, which not only explains the
physical meaning of the existing model with quintic terms, but also has more nonlinear dynamics characteristics
of the higher dimensional system than the lower dimensional system. In this paper, the analytical soliton
solutions of the (3+1)-dimensional cubic-quintic CGL equations with variable coefficients are obtained by using
the modified Hirota method. By selecting certain parameters of the nonlinear coefficients and spectral filtering
terms, a special kind of mixed soliton solution is obtained, which has the characteristics of bright soliton, dark
soliton and kinked soliton at the same time. Subsequently, the influence of changing the nonlinear, spectral
filtering, linear loss parameters and other parameters on the transmission characteristics of solitons is discussed
respectively, so as to realize the control of optical solitons, which can not only control the propagation of optical
solitons in different forms, but also can realize the adjustment of the amplitude and pulse width of the pulse
and control the propagation direction and energy of the pulse for the mixed solitons of a particular form. The
research results of high dimensional CGL system in this paper can be applied to nonlinear optical system, ultra-

fast optical digital logic system and other different experiments and application fields.
Keywords: optical solitons, Ginzburg-Landau equations, modified Hirota method, soliton control
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