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a. Using multiple scales, with t1 = t and t2 = εt yields: 
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Now inserting a perturbation series of the form: 
 

𝑦 = 𝑦0 + 𝜀𝑦1 +⋯ 
 
gives: 
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Collecting terms in 𝜀0 gives: 
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hence the solution: 
 

𝑦0 = 𝑎0(𝑡2)𝑒
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b. Collecting terms in 𝜀1 gives: 
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Substituting the answer from part (a) into the RHS then gives: 
 
𝜕2𝑦1

𝜕𝑡1
2 + 𝑦1 = 𝑒𝑖𝑡1 [𝑖𝑎0(1 − 2𝑎0𝑏0) + 𝑖𝑎0
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The secular terms, i.e. the square brackets on the RHS, must be zero for the solution to be bounded: 
 

2
𝑑𝑎0
𝑑𝑡2

= 𝑎0(1 − 𝑎0𝑏0) 

2
𝑑𝑏0
𝑑𝑡2

= 𝑏0(1 − 𝑎0𝑏0) 

 

The initial conditions come from the solution to part (a) and y(0) = 1 and 
𝑑𝑦

𝑑𝑡
(0) = 0. Hence: 

 
𝑎0(0) + 𝑏0(0) = 1 
𝑖𝑎0(0) − 𝑖𝑏0(0) = 0 

 
and thus: 𝑎0(0) = 𝑏0(0) = 1/2. Note that the question does not ask for a solution. 
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