
b i l i n e a r forms

( i ) S c a l a r 4549

( i i ) pseudoscalar 45854T

(530) (iii) ve c to r 4 ) M y r

( i n pseudovector 45858MW

ausgranz
zra

V I I . 4 So l u t i o n o f D i r a c equation

forsomesimple-belapla-
newavergeneratedbylor
entzkatoradiracparticle a t r e s t w e have

( 5 ) 4%,f ) = WTO) e -
I E r m . c a t / h

F - 1,213,4

E n z = + 1 Es ,4 = - 1
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W a t =/!) dort!) Wto)=/!) what!)

Now w e c a n make u s e ofa Lorentztrafo t ogenerate
t h e general so lu t ion Of a free D i r a c parade a t any
M o m e n t a n

LTra to t o f rame w i t h ü

S t ü t z e -
EEE.EE

(5321 1 0 P z C

° ^ E t c .

! "

i .

""""""!" "

E)

^ 0

where

(533) P t = P x ± jpg

Here w e m a d e b e o f

e - ¥

!

E = 1 -EEE

!

¥ .

#!

+. ..
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where

(T.EE d i d kq .v n = j o j i f j k q . c z
I i

=-gigkef.ua =-{(8 i f kam +88*40;)

=-E (2gierig.) = j z
anti-commutator

3 . e . t h e Ser ies separates i n t o e v e n a n d o d d powers

(5341 S = I c o s h ¥ + ¥5sails#
using EE = µ LEAVE + NEE

=:L::)-ein!::o)-¥!!)
O O P t - P z=:b:

" #

( 5 ) WTF ) = SC-¥) WTO ) general
solution

4ITF.tt-wrlp-De-ierPEIJ-
Offree.DE
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The coefficients WTF) f u l f i l l t h e "algebraic"D E

(536)#_Ermoc)WYp

"

w i r (A-Ermoc) = 0

(Here p l no t ß ! I

Th e general s o l u t i o n c a n w e w i l l e n a s
superposition o f t h e E r

(B) D i r a c particle i n a e-dimensional

f i n i t e p o t e n - T

"

× 1-dimensional

↳ < 0

I I I I

stationary solution 49 =

$

e -

i E T H

(534 [ I . ( E - EÄ ) t e Hotßmod)g = E f
-

#

~

e -V
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I
15381(cdxpxtf.mu/q=Epassu-
mespinpdaizahch't"seeeqs.CL/45)soIution:-
4I#=AEEeik*f!g)
(539)

+ B I # e -
" " (Etc)

h-zki-E-m.kz

"

(CLxpxtp.mu?)0=(E-VoIq
So lu t ion

:

$#

A#e "" (¥;-)
15401

.̂
+ A ) Einfüge)
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t i k i =

""

t.no?cz-
boandargcondi
hqjM=0

wavefunction must b e s m o o t h

of t C- E ) I ¢#C-E ) Komp l e x
(5411 equations

¢# ( E ) ±

$ #

(E) } ⇒ + conditions

15421 f ü r

$

Tr )

E c r ) ⇒ 1 condition

assumption o f b o u n d s t a t e s

1543) # ( x → - a ) → 0 01*4→ + • ) - 3 0

2 condit ions

→ only d isc re te energies E

W e w i l l n o t give t h e explicit s o l u t i o n h e r e
which i s however straightforward b u t requires
s o l u t i o n o f t ranscendenta l algebraic equation.

qualitative discussion of solutions N o k Zmoc?
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E ^ scattering states o felectrons

mudM M N M ~ v - i m . c z

•

ß#÷
"

"

" " "

-moi V - n o c h

trofmüüüüüünon
scatteringstates Of positions

KIkleinparalousider
a D i r a c particle impinging o n a

potential step

✓YEMThmfvo-
Ecmocztvuo.IE#*--z



stationary D i r a c equation

"

41=41' + H r

(5441 = ¢ , effPZ-Et) +cfretfpz-
stationary D E

(E-Bmu)4Etihdz%EE-u-
CE-dzp-pmoclo.in= 0(545)

15401 (E-tazp-R.mu)#=o
Wh e r e

#

= p ? + motz$47)

F ) 4 ¥ = 41 = efeIIFZ-EE)

( E I -Pmoc)-tittz

"

⇒
(5481 (ELI -azf-ßmoc)#⇒
Where

#"

12=52

+ m i c ?(549)
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I n o r d e r t o have a r e a l S o l u t i o n f o r 15
(550) Vo E E -m u c h o r Wo? E t m a ?

boundary condition a t z u

( 5 )

$

+ Cfr = Oft
i n

F rom (545)a n d (546)

H D (E-ßmoc)(4.ntor-dzplo.in-of)
F r o m (5481 a n d Leith boundary c o n d i t i o n (557) :

(E-ß much % = (¥ t a z F ) Oft

= (¥ t a z F)

$

t o r )

⇒ (¥ + ↳ F)Hintor) = dzpld.in-tor)
F r o m this w e c a n e x t r a c t t h e r e l a t i o n b e t w e e n Otr
a n d din

[¥ t a z Ip+ F)der = -ff - t z (p-A)]

$

i n

multiply wi th [¥-tz (Dtp)] from t h e leftyields
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a -

##"!!!"

%

W i t h (547) a n d (549)

15531 p?-52 =-FEI?-E)=-¥} + LE I
⇒

← * = E.IE?gE-
iY-!:=roien

• T o ca lcu la te t h e reflected intensity w e n e e d

0 EUR
2

drtdrfy.IE#aif4iItEHzpYoin
(555)

( c number) (matrix)

n o w f-Extzp)? ¥2xp? -LEAP
s o w e n e e d

chintz Oli n
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F r o m t h e stationary D E for

$

e .
eq .HN

chinaz.ro/(E-dzp-pmoc)0;n=O

⇒

¥ ¢ ! dzdiu-cf.IO/inp-cfintdzPmucOin=o

• dzd.in/0in(E-azp-psmuc)=o

⇒

Edinazdin-4inchi n P-0in Pa z mucd.ro
remember t h a t {p.dz} = 0 , s o

4561 dindz

$

in = ¥ 0inchi n

T h i s gives

cnet.EE#IEEE!YiYin-
I55Hdr4r--fIIIiditndin
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reflection coefficient

4 ) R-fvo.%EE.FI?

• s o i f

" "

r e f l e c t i on

✓

• ifvu-E-mocz-EEE.no?=p2
⇒ 5=0 ¥-mich= p ?

p ? (E-muck

"

ma)- ¥

Ema)

EE-ELE.mu]
¥-p? =

"

(E-muc-E-mucf-
zvomot-%Ef.mu

"

Ätz

✓ E U ✓ •
= E - M o c ?
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whathapper.si/
Vo3E-muEmuc2

""

€

(559) ß ? p?_wYE

"

⇒
F i s imaginary i .e . F = ihm f o r

( i ) E t m u c ? > V o > E - h o c 2

t h e r e

(560) 4 ) = of t e-Mz-IET

exponentially decaying amplitude
a s expected f r o m n o n - r e l a t i o n Q M

⇒ R E
however

F b e c ome s r e a l again f o r

( i i ) V u > E t n o c h
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t h e n

R f
t ransmiss ion

(561) i n classically
fo rb idden
regime???

Kleinparadoxouß
✓Cz)

j i n V I Z I j i n > ma c h

j a

"

E

j

" "

E

F I T Z a - Z

I n t h e problem c o u r s e y o u w i l l calculate t h e
c u r r e n t s i n t h e t w o c a s e s a n d w i l l s h o w t h a t

f o
V o > E t M o c

2

(5623 t j a / >lj.is/audjIc0remarh:-
I f t h e potential step gets
s m e a r e d O u t o v e r a d i s t anced
m u c h l a r g e r t h a n t h e Comp to n
length t h e r e i s n o c u r r e n t i n region

"

↳ E t m u c

ds s i e I e

"!

das.
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