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c o n s i d e r again a hamiltonian
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where t h e spectrum o f H o separates i n dearly
d is t i nc t energy regions a n d H r i s a perturbation
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Cons ide r projectors o n t o subspaces o f Ho
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Assume further t h a t

(Eo) / E H Ö l = IÄHNQI
i s s m a l l compared t o

m i n (IQH Q 1 - 1PAPI) ~ S E

I f t h e init ial s ta te of a quantum evolution
i s a l o w energy s ta te s u c h t h a t
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(G) 12Pa) = IP 1443

t h e n t h e t i m e evolution rema ins approximately
i n t h eSubspace of low-energy s ta tes spanned
by # a n d w e c a n d e i n e a n effective
Ham i l t o n i a n

i h d Ä1 4 1 A ) = ⑤H I N A B
d t
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a n d

it#ÖHM =
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H A H N

= (QH P + Q HQ) t u t
(6)

=QHPPHHD-IQHQQIKHDsince.at
Q i s a high energy,w e c a n approximate.

(64) IQ#QQ14AM D I ih#QRest

⇒
Q HAD =-(QHQ)
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substituting i n to 162)yields
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(651 ihdztPRHD-LPHP-PHQIQHQTQHPJ.PK)

⇒
Th is gives a n effective Hami l ton ian fo r t h e s l o w

low-energy dynamics

(6) HqzPHP-PHQFOHF.to#
effective Ham i l t o n i a n i n ad iaba t i c a ppa i m .

where w e u s e d t h a t P a n d a a r e orthogonal
projectors t o subspacess p a n n e d by H o

I.Photons.hn
t i l n o w w e have c on s i d e re d chargedquantum

particles i n external, i .e . prescribed electromagnetic
f i e l d s . Th i s i s n o t completely satisfactorily

c o n s i d e r e .g . Lorentz force

classical physics E =-FI
$
quantumphysics ? = -II operator?!
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