Question
Compute the coefficients in the perturbation series solution of the equation

Y =y+exy, y0) =1

Answer

v =y+exy, y(0) =1

Try y(z;) = yo(@) + eyi (z) + O(e?) = 2o yne”
Substitute into equation:

> (yn'e™ —ype™) = > xyue”
n=0 n=0

Balance at O(g"):

n=0:y,— Yy =0=yo= Ae”

Boundary condition: yp(0) =1 =1=Ae’ = A=1=yy=¢"
n>0:y, — Y, =TYp1

e.g.,
Y=y = xet
= i (e’xyl) = x
dx
n=1 B 2
ety = —+c
x% x X
Y1 = ?e + ce
Boundary condition: y;(0) =0
0=04ce®*=c=0
72
Therefore y; = Eex
/ 333 T
Yo — Y2 = ze
N d ( —r ) T
thenn=2: dx 24
= e " =
e tyy = —+c
h/
Yo = gex + ce”

Boundary condition: 3,90) =0=c=0
4

Therefore y, = %e"”

Spot the pattern.
In general:



—y, = >1
In =Y on1(n— 1)l =
yn(0) =0
N B I2n6x
Yn = 2|

Thereforey = ) FL e (%)

Compare with exact solution
i (eff(1+€x)dxy) — 0= y = Ce:rJr%

dz
y0)=1=c=1
2 n.2n
Therefore y = ™% = e” 3%, % = (%) v/v/ (Convergent for all finite
!
)



