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Analysis of Nonlinear Behavior in Fractional Van der Pol Equation with Periodic External
Force and Fractional Differential Equation
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ABSTRACT

Van der Pol’s oscillators is non-conservative oscillator that having nonlinear damping phenomena. The energy of its system is
dissipative at a high amplitude whereas its system creates the energy at low amplitude. This paper deals with the Van der Pol
oscillator model with a fractional order when the external force apply into Van der Pol oscillator. This paper confirms the status of
variation for the limit cycle according to the parameter variation of fractional order in the Van der Pol oscillator that can be

represented by fractional differential equation.
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Fig. 1 Time series and phase portrait when u =1
and periodic external with 5sin (27t)

. 2Rt 7/ 2242 J1E Van der
Pol 2HZIZ|0M o] BRI HEto| 2|6t
HIME HS sl
H =8oAE= Van der Pol 221712 ¥dg3g A5
2}<=9] fractional Van der Pol ©37]|& 21(4)3} 2]

A g}

2 o}

A NP P LA OB S0 S
dt dt*

A ()l A c‘”;i“)

tﬂ

o} o] FA|EE fractional v

kg alel s Riemann® Liouville[21]0] 2] 3}o]
2(5)7} 2ol Folzitk

Cryop(s) — 1 d\" [t f(ndr
ath(t)_ F(n—a)(dt) /0 (t_T)afn-%—l (5)

w ErellAE Hd)E E7] fste] 46)e] A
S o] gsta FuE u=1 2 AL afS W}

AAES W AFE AlEdold S Fs

21 a=01¢ 4
A@@)NM a=0192 v AALdolE 9} 94

o]
=
ey 29 2 FUE Ao

o

o]
P



9129 72 Van der Pol 27104 ¢] 148 A% 34

Time Series

o 10 20 30 40 50 B0 70 an <0 100
4
2 d|
= 0 H
2
“a 10 20 30 40 50 60 70 a0 90 100

(@) AlAIY dlolg]
(a) Time series

Phase Portrait

(b) ¢4 32
(b) Phase portrait
3% 2. =01 ©f F7(H 52 I8 AA L0t

9 ezt

Fig. 2 Time series and phase portrait with periodic
external force when a=0.1
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Fig. 3 Time series and phase portrait with periodic
external force when a=0.2
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Fig. 4 Time series and phase portrait with periodic
external force when a=0.5
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Fig. 5 Time series and phase portrait with periodic
external force when a=0.8
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Fig. 5 Time series and phase portrait with periodic
external force when a=0.9
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