
In[1]:= DuffingODE = x’’@tD + x@tD + ¶ x@tD^3 � 0

Out[1]= x@tD + ¶ x@tD3
+ x¢¢@tD � 0

In[2]:= DuffingIC = 8x@0D � a, x’@0D � b<

Out[2]= 8x@0D � a, x¢@0D � b<

In[3]:= subs = 8x@tD ® x@ΤD, x’’@tD ® w^2 x’’@ΤD<

Out[3]= 9x@tD ® x@ΤD, x¢¢@tD ® w2 x¢¢@ΤD=

In[4]:= DuffingNIC = 8x@0D � a, w x’@0D � b<

Out[4]= 8x@0D � a, w x¢@0D � b<

In[5]:= DuffingNODE = DuffingODE �. subs

Out[5]= x@ΤD + ¶ x@ΤD3
+ w2 x¢¢@ΤD � 0

In[6]:= xse@Τ _D = x0@ΤD + x1@ΤD ¶

Out[6]= x0@ΤD + ¶ x1@ΤD

In[7]:= DuffingNODEN = Collect@DuffingNODE �. 8x ® xse, w ® 1 + w1 ¶< �� Expand, ¶D

Out[7]= x0@ΤD + ¶
4 x1@ΤD3

+ x0¢¢@ΤD + ¶ Ix0@ΤD3
+ x1@ΤD + 2 w1 x0¢¢@ΤD + x1¢¢@ΤDM +

¶
2 I3 x0@ΤD2 x1@ΤD + w12 x0¢¢@ΤD + 2 w1 x1¢¢@ΤDM + ¶

3 I3 x0@ΤD x1@ΤD2
+ w12 x1¢¢@ΤDM � 0

In[8]:= DuffingNICN = Collect@DuffingNIC �. 8x ® xse, w ® 1 + w1 ¶< �� Expand, ¶D

Out[8]= 9x0@0D + ¶ x1@0D � a, x0¢@0D + w1 ¶
2 x1¢@0D + ¶ Hw1 x0¢@0D + x1¢@0DL � b=

In[9]:= IVP0 = 8Coefficient@DuffingNODEN@@1DD, ¶, 0D � 0,

Coefficient@DuffingNICN@@1, 1DD, ¶, 0D � a, Coefficient@DuffingNICN@@2, 1DD, ¶, 0D � b<
Out[9]= 8x0@ΤD + x0¢¢@ΤD � 0, x0@0D � a, x0¢@0D � b<

In[10]:= IVP1 = 8Coefficient@DuffingNODEN@@1DD, ¶, 1D � 0,

Coefficient@DuffingNICN@@1, 1DD, ¶, 1D � 0, Coefficient@DuffingNICN@@2, 1DD, ¶, 1D � 0<

Out[10]= 9x0@ΤD3
+ x1@ΤD + 2 w1 x0¢¢@ΤD + x1¢¢@ΤD � 0, x1@0D � 0, w1 x0¢@0D + x1¢@0D � 0=

In[11]:= sol0 = DSolve@IVP0, x0@ΤD, ΤD

Out[11]= 88x0@ΤD ® a Cos@ΤD + b Sin@ΤD<<

In[12]:= x0p@Τ _D = A Cos@Τ + BD

Out[12]= A Cos@B + ΤD

In[13]:= sol1 = DSolve@IVP1 �. x0 ® x0p, x1@ΤD, ΤD �� TrigReduce

Out[13]= ::x1@ΤD ®

1

32
I6 A3 Cos@B - ΤD + A3 Cos@3 B - ΤD - 6 A3 Cos@B + ΤD -

2 A3 Cos@3 B + ΤD + A3 Cos@3 B + 3 ΤD - 12 A3 Τ Sin@B + ΤD + 32 A w1 Τ Sin@B + ΤDM>>

In[14]:= x1p@Τ _D = sol1@@1, 1, 2DD

Out[14]=
1

32
I6 A3 Cos@B - ΤD + A3 Cos@3 B - ΤD - 6 A3 Cos@B + ΤD -

2 A3 Cos@3 B + ΤD + A3 Cos@3 B + 3 ΤD - 12 A3 Τ Sin@B + ΤD + 32 A w1 Τ Sin@B + ΤDM
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In[15]:= solw = Solve@-12 A^3 + 32 A w1 � 0, w1D

Out[15]= ::w1 ®

3 A2

8
>>

In[16]:= x1pp@Τ _D = x1p@ΤD �. solw

Out[16]= :
1

32
I6 A3 Cos@B - ΤD + A3 Cos@3 B - ΤD - 6 A3 Cos@B + ΤD - 2 A3 Cos@3 B + ΤD + A3 Cos@3 B + 3 ΤDM>

In[17]:= xl@t_D = xse@ΤD �. :x0 ® x0p, x1 ® x1pp, Τ ® 1 +
3 A2

8
¶ t>

Out[17]= :A CosBB + t 1 +

3 A2 ¶

8
F +

1

32
¶ 6 A3 CosBB - t 1 +

3 A2 ¶

8
F + A3 CosB3 B - t 1 +

3 A2 ¶

8
F - 6 A3 CosBB + t 1 +

3 A2 ¶

8
F -

2 A3 CosB3 B + t 1 +

3 A2 ¶

8
F + A3 CosB3 B + 3 t 1 +

3 A2 ¶

8
F >
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