
> > 

> > 

(7)(7)

(4)(4)

> > 

> > 

> > 

(2)(2)

> > 

(6)(6)

> > 

(1)(1)

> > 

> > 

(3)(3)

(8)(8)

> > 

(5)(5)



(19)(19)

(10)(10)

(15)(15)

(13)(13)

> > 

(11)(11)

(9)(9)

> > 

(17)(17)

> > 

> > 

(14)(14)

> > 

> > 

(16)(16)

> > 

> > 

> > 

> > 

> > 

(18)(18)

(12)(12)

0

0



> > 

(20)(20)

(27)(27)

> > 

(22)(22)

(23)(23)

(24)(24)

(9)(9)

(28)(28)

(26)(26)

> > 

(21)(21)

> > 

(29)(29)

> > 

> > 

(25)(25)

> > 

> > 

> > 

> > 

> > 

secular_terms:= 4*diff(Phi(sigma), sigma) = 1/4;

 



> > 

> > 

> > 

(20)(20)

(34)(34)

> > 

> > 

(9)(9)

(32)(32)

(31)(31)

(33)(33)

> > 

> > 

> > 

> > 

> > 

(30)(30)

> > 

> > 

0

# tmp:=fsolve(subs(epsilon=1/2,{xansatz(0)=2.0})); # we set 
epsilon=0.5 and solve for phi in equation (31) with initial 
conditions

xapprox:=subs(epsilon=1/2,subs(tmp,xansatz(t))); # substituting 
epsilon =0.5 and phi = .1396823540, the xansantz is 

with(plots): # we call the plot command
pnum:=odeplot(foo,t=0..50,refine=1,color=red): # plot numerical 
integration of the van der Pol in red
pexp:=plot(xapprox,t=0..50,color=green): # plot the linearized 
solutions in green
display(pexp,pnum); # display both graphs
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Figure 5.0(a) numerical integration of the van der Pol in 
red vs approximate solution in green by the 3-timing 

method for phi = 0.2 and epsilon = 0.5
pnum2:=odeplot(foo,[x(t),D(x)(t)],t=0..10,refine=1,color=red):# 
phase plot of numerical integration of the van der Pol in red
pexp2:=plot([xapprox,diff(xapprox,t),t=0..10],color=green): # 
phase plot of linearized solutions in green
display(pnum2,pexp2); # display graphs



> > 

> > 

(20)(20)

> > 

(30)(30)

> > 

(9)(9)

x
0 1 2

D(x)(t) 1

2

Figure 5.0(b) phase plot of the numerical integration of 
the van der Pol in red vs approximate solution in green by

the 3-timing method for phi = 0.2 and epsilon = 0.5


