
eigenvalues o f

1kt)-ZIEH)-ZIEH) = E
2 5

!

= | o - E E ) - f A z ) = - E(3321

-

§

!!

Triplett

!!

singlet
w / o hyperf ine hyperfine

VI.co/3iracsea-Thean-
boudednessfrombe/ow

o f t h e e n e rg y
spectrum o f t h e D i r a c equation c r e a t e s a
prob lem:

a n electron c a n e m i #
modC o n -

energy a n
continue:

!!!!!

t o f a l l d o w n i n t h e
s p e c t r um

continuum
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So lu t ion : D i r a c s e a

"vacuuwist-
akstc.baw i t h negative energy a r e occupiedandtheparhdesarefevmiousi.
ee/0beyth#P a u l i e x c l u s i o n principle

consequences

absorption o fphoton H w > imac?

! " ! "

..

energy s e a

generation o f a pa i r o f particle a n d
"hole"

e n e r g y o f ho l e

(333) Endep=
E vacuum-L-Ep) = E p

i f w e s e t Evacuee = 0

h o l e I

(334) L-aposihont-c-p-2-mocFU-ar.li-particle
w i t h positiv E n .
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momen t um o f ho le

#

5 ) PIosihu-PFacm-
PI-TSOZE-pp.siFei (pa i r creation)

charge o f ho l e

9-posik = Quae - 9 -d

(336) qposiht-
fdechov.ve/ocity-
EEII--cEI=EfE!E.

f o r negative energy s o l u t i o n s

I I I . - ö
f o r a position (hde)

(3371 faIIercEnosin
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vacuum-polarization

e lech . charges c a n polarize t h e v a c u u m

$! !!

.

!

⑦
ho le theory i s a many-particle theory
a n d w e h a v e t o give u p t h e interpretationofthediracwa.ve/-
unctichassinparticle probability amplitude

CAIchaugewnjagation-
partide charge g-

"" Ä H antiparticle charge-g
?

(it#-EA-mal 49 = 0 e lec t ron
③38)
City + EH-mochte = o positron

439) 4 4

!

2 T
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h o w

(it!"#= -ih#µ b a t Ai-Am
i .e .

ÄH-E#-motzt]#=
= [fit#µ-E)8MW-man]#⇒

⇒

fit#µ + E ) 8M¥mo)

#

*⇒

⇒ c o n s i d e r

③o ) U = ( g o
t h e n w e require

(341 Uy t i k "

!

-GM
s ince t h e n

ffitfyu-EAHUGMUImucJUYE.co
"

<ffih-fxm-EA.HN-ma]M*-o

%

D i r a c eg . . '
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t h u s

(344 4%44oxt-C.jo#=(q-
charge conjugation

D i r a c equation w i t h " * "for 4 h
⇒ D i r a c equation w i n k e " f o r 4 k

W h a t
T O fu l f i l l (341)

- genug#U

!

Grog#Ego) "

= Egogiepoc"
h o w w e remember

sci-f i !) g :p : ( I I )
i e .

8°F#Jo = glut③43)
i .e .

-8µF ¢ " )

"

( T

s i n c e j T = -J" y

#

= g.
2

g.D=-[3
g o t = /
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follows

KT 8 ) = Kings] = 0

944)
{ c t . j o } = { d i r ? } - o

t h i s t h e n gives fo r t h e 4 × 4 matrix C

( = i f f
°

= - C -
^ = - ( + = - C T

4 4 = 4 4 ¥ ( g o 41 * = ( j u k u
s u

③45) 4k=ij2K
charge conjugation
o f D i r a c b i spinch

i t holds

( 4 )⇐ ( i f? 4*1, = i f f y ?# *
4461

= y 2g?
* 4 9 = 4h ✓

expectation va lues i n charge conjugateds ta te

( Ö ) , = für 4kt Ö 4k
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= 3 Light) ö l i g # )
= fürzpxttgztjgzzptx-
fdrzrtgogyoo.gr?#
(343)

=-fazzpxttjo.ge#
= - [für z i t t r i g 4*4]

*

= - ( y

"

g )

*

i .e .

947) hÖ)e=-LgÖj

!

examples:

< ß ) , = -Sp ) < D ; > = E d i )

< F ) = <E)<=-<E)
4 8 ) < E ) . =-<E) ( E ) = - ( E )

E ? = - ( E )
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CBITimerevev-HDHYF.tt/
=TUCrTtI=4dCr.-t-Tmust

beantinuitarg
(350) T i T f

t h e n f o r a t i m e reversal CTRL i n v a r i a n t Ä

(357) T H T - ' = #

(352) ih#Re)-HIV)

TitfzTIVD-THT.TV')

-ih#⇒ H d ) = H I V ) identical t o
(352)

(353) T = ⑦ H E U "

homework K I W I - I UßH I ß
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w i t h t h i s

(354) F-idndsk-ti.me
i n v e r s i o n

K IPa r i t y i n ve r s i o nand
w e h a d already d iscussed t h e parity-trafo
Operator

(355) ßV=ei9go

!

which leaves D i r a c equation i n v a r i a n t

O n e f i n d s t h a t t h e combination o f parity trafo,
t i m e r e v e r s a l a n d charge conjugation i s
again asymmetry o f t h e D i r a c theory

(356) 41pct#PCT 47×1 = ie"98541-x)

i s again solution o f D E !

T h i s i s a general feature o f
re l a t i v i s t i c t h e o r i e s

P C T symmetry
-
2 2 5 -


