
Regular Perturbation

Given scaled(!) equation: ẍ = − 1
(1+ εx)2

, 0 < ε � 1.

1. Perturbation Assumption: x = x0 + εx1 + ε2x2 + . . .

2. Insert into equation, expand as power series in ε:

ẍ0 + εẍ1 + ε2ẍ2 + · · · = − 1(
1+ ε(x0 + εx1 + . . . )

)2

= −1+ 2ε
(
x0 + εx1 + . . .

)
− 3ε2

(
x0 + εx1 + . . .

)2
+ . . .

= −1+ ε2x0 + ε2(2x1 − 3x2
0 ) + . . .

3. Equate terms of same order in ε to find equations for x0, x1, . . . :

O(1) : ẍ0 = −1
O(ε) : ẍ1 = 2x0

O(ε2) : ẍ2 = 2x1 − 3x2
0

5. Solve these equations recursively for x0, x1, x2, . . . .
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