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tha t

relativistic
w a v e equations h a v e t h e potentialdifficulty t h a t
a l o c a l i z a t i o n o f a w a v epacket t o length scales
Of t h e Compton length c a n produce particle
pa i r s . T h i s w o u l d l e a d t o a violation o f particle
n u m b e r conservation a n d i s incompatible w i t h
a single-particle quantum mech a n i c s . S o w e
h a v e t o d i s c u s s i n w h a t respect a n d a n d e r

w h a t cond i t i ons s u c h a picture i s v a l i d .

a reminder :

non-relativist ic Q M Schrödinger w a v e mechanics
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1 4 # D = ÜA t om t o d
w i t h ihdaIH.to = ÄÜHHH
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⇒ wha t i s t h e correspondence f o r a Klein-Gordon field?

CAtormalrelativisticquantummechanis-

gness: u s e Schrödinger representation

(sst i t #E = ÄH I T = (¥)
b u t : . H t t # i .e . Ä n o t Hermitian ( i n t h eoriginal

-

sense)
• w e h a v e s e e n t h a t t h e charge density

c a n b e represented a s

9 = 4+6z
• t h e charge
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Def expectation v a l u e
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Det.: a n operator Ü i s ca l l ed d-unitary
o r generalized unitary i f f
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i .e . t t
W t f z u = Gz
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o r using G E I
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Def a n operator I i s c a l l e d ¢-hermitian
o r generalized hermi t i an
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The Hamiltonian (oft h e Schrödinger representation)
Of the K - G field, eq.BE)

¥Ä = (Gzt i bg.) Emo
+ Gz M o d

fulfills t h i s condit ion

(405) Htt= (6z-ibgIEII-bzmod.bzÄ t z V

expectationvaluesofahermitianoperat
orseva lua ted according t o eq . 6400) a r e r e a l

proof <E )¢ = foix 4 ) EL I
L E )¥ = Sdk 4ft E H E = (E )¢
s i n c e G z [Gz = I t o r 6 ¥ = Übt

remark: I f Ö i s d -hermit ian t h a n

(406) Ö=6z

!

i s h e n n i t i a n i n t h e u sua l sense !

Ö t= #Ö l t = Ö f z = b zÖ = Ö a
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F r o m t h e s e consideration w e c a n n o w formulate
t h e analogy t o formal quantum mech a n i c s

( i ) observables a r e d - hermitian
operators

( i i ) t h e dynamics i s described by a
⑦-unitary transformation±*ö**u

!

(407)

dort i t d t WITH = Ä E H )
Host a n d 5 A ) = e -

i # T H
i s ¢ unitary
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CBITraesingtenpartideobservables-

Question: A r e a l l of-hermitian operators observables
o f a relat ivist ic single-particle quantum
mechan ics?

rem inder : Solutions o f K G E w i t h positive frequencies
→ particle

So lu t ions o f K G E w i t h negate frequencies
→ anti-particle

To preserve t h e single-particle picture w e a r eOhlgakowedtocousideroperat
asthatdonm i x posit ive a n d negative frequency components!

Def L t H # I C H t h e Hilbert-subspaces o f
states w i t h positive/negative frequency.
A n operator Ö i s c a l l e d t r u e single-particle
operator o r e v e n i f

<4*10^14%3=0 ¥ 4ft, E -(410)
2Pa C -Ha t

exampt . Ä= (6ztibglfzhf.es) + b zm o c z

• § = TEE a r e t r u e single
p a r t i c l e operators
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however

#

i s n o t ⇒ problem session

Deff A n operator Ö i s c a l l e d o d d i f f

(4N 4 h 1 6 14%) =live.IO/4kD=o-
forahI4%DEHc+, a n d 14%) C-Ha ,

Everyoperator Ö c a n b e decomposed i n t o
a n e v e n a n d O d d pa r t

A N Ö = [ Ö ] + {Ö3
wherlöiseuenands
dis
• I f o n e constructs [ Ä ] o n e f i n d s that i t s eigenstates

have t h e asymptotic fo rm

④3) WIE(E) ~ ¥ , e -
?

z = FIFI
a n d n o t 5¥-g) .

3 . e . t h e eigenstateso f [ E ) a r e
s m e a r e d O u t o v e r t h e Compton length

IF-51 ~ ¥ = %

Relativist ically i t does n o t make s e n s e to Ta l k about
a l o c a l i z a t i o n i n space better t h a n R e
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