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Series arise when you use
perturbation theory

Perturbation theory for a HARD PROBLEM:

Step 1. Insert a small parameter &:
HARD PROBLEM(¢)

Step 2. Expand answer as a perturbation series in powers of €:

o0
ANSWER(e) = Y ane™
n=0

wotep 3. Set e=1 and sum the series — this IS not SO easyd-ous



Simple example

HARD PROBLEM: Find the positive root of
2 +z =1
ANSWER: ¢ = 0.75487767 - --

Step 1. Insert &: z° + exr = 1 (Strongcoupling)
o0

Step2. x(€) = Zan(—:”
n=>0

CL():l
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Match powers of ¢

oa, + 1
2ao + 10(1% -+ &1
5a3+—20a1ag+—ag-F10a?

day + 20aia3 + a3 + 10a§ + 30a%ag + 5a“f

1 1 1
a), = ——. B — T ==3 U3 — T aah
5 29 125
) 21 78
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The perturbation series...

=1Lt Lo la 2 5 T 4
re) = 1——€— —€ — —¢ S € :
| 5 25 125 15625 = 78125

Step 3. Sum the series at x =1

Rad1us of convergence of this series: 1.64938...

Sixth-order result x(1) = 0.75434 e
XA
Exact answer x = ().75488 \’/
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Another way to insert €

Step 1. Insert & : 6.’155 e — ] (weak coupling)

Step 2. Perturbation series

r(e) = 1 — €+ 5e® — 35€> + 285¢* — 2530€® + 23751€% — - - -

Step 3. Sum the series atx = 1

Radius of convergence of this series 0.08192

Result: x(1) = 21476 ° o

irsa: 10110030 ' i — - Page 97/119
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