Elektricky Bohm — Aharonuyv jev



Historicke okénko

neintuitivni dusledky prechodu od klasické fyziky ke kvantové

* 1949 zminuje Ehrenfest
O deset let pozdéji rozpracovavaji Bohm se svym studentem (Aharonov)
e 1.8.1959 —vychazi ¢lanek v The Physical Review ,, 0 vyznamu potencialtd“



Potencialy

» v klasické fyzice — potencial = , nefyzikalni“ veli¢ina = pouze nepfimy
fyzikalni vyznam prevedeny na pole
* Aharonov, Bohm: , Pole ma vliv na c¢astici i kdyz vymizi
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“ YN classical electrodynamics, the vector and scalar
& potentials were first introduced as a convenient
“mathematical aid for calculating the fields. It is true

*dhe potentials are needed. Nevertheless, the funda-
gmental equations of motion can always be expressed
ectly in terms of the fields alone.
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*‘ 1. INTRODUCTION

N classical electrodynamics, the vector and scalar
patentlais were first introduced as a convenient
thematical aid for calculating the fields. It is true
‘that in order to obtain a classical canonical formalism,
)¢ potentials are needed. Nevertheless, the funda,-
tal equations of motion can always be expressed
tly in terms of the fields alone.

V klasické elektrodynamice byl zaveden skalarni a
vektorovy potencial pouze jako pohodlny
matematicky nastroj pro vypocet poli. Ano, pro
potreby kanonického formalismu jsou sice tyto
potencialy vyZzadovany. Nicméné pohybové rovnice
Ize vzdy vyjadfit primo pomoci poli samotnych.
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N cdassical electrodynamics, the vector and scalar
& potentials were first introduced as a convenient
thematical aid for calculating the fields. It is true

the potentials are needed. Nevertheless, the funda-
s ‘mental equations of motion can always be expressed
idirectly in Lerms of the fields alone.

V klasické elektrodynamice byl zaveden skalarni a
vektorovy potencial pouze jako pohodlny
matematicky nastroj pro vypocet poli. Ano, pro
potreby kanonického formalismu jsou sice tyto
potencialy vyZzadovany. Nicméné pohybové rovnice
Ize vzdy vyjadfit pfimo pomoci poli samotnych.

NE TAK V KVANTOVE FYZICE
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;-_.' N classical electrodynamics, the vector and scalar
& potentials were first introduced as a convenient
mathematical aid for calculating the fields. It is true

aibe potentials are needed. Nevertheless, the funda-
etal equations of motion can always be expressed
% directly in terms of the fields alone.

V klasické elektrodynamice byl zaveden skalarni a
vektorovy potencial pouze jako pohodlny
matematicky nastroj pro vypocet poli. Ano, pro
potreby kanonického formalismu jsou sice tyto
potencialy vyZzadovany. Nicméné pohybové rovnice
Ize vzdy vyjadfit pfimo pomoci poli samotnych.

NE TAK V KVANTOVE FYZICE

(napf. se ukazuje Ze Lorentzlv vzorec pro silové plsobeni jen aproximaci)



Elektricka verze
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F1G. 1. Schematic experiment to demonstrate interference with
time-dependent scalar potential. 4, B, C, D, E: suitable devices
to separate and divert beams, H’., Hi": wave packets. My, M,:
cylindrical metal tubes. F: interference region.
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_F1o. 1. Schematic experiment to demonstrate interference with
time-dependent scalar potential. 4, B, C, D, E: suitable devices
to separate and divert beams, Wy, Wa: wave packets. My, M::
cylindrical metal tubes. F: interference region.

I(y)=I,(1+V-cosAD)

AQ =1 [ di (y(D)-V,(D))



Elektricka verze

reseni SR bez potencialu
V(1) =20 (2.0) " (2.0)

a s potencialem jako funkci pouze ¢asu
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Si1= Ef:pﬂff, Sa= Efq,:?grff.
_ F16. 1. Schematic experiment to demonstrate interference with

time-dependent scalar potential. 4, B, C, D, E: suitable devices

to separate and divert beams. W,, Ws: wave packets. M, M;: 5na f3

cylindrical metal tubes. F: interference region. Zmena faze

(e/R) S edt
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reseni SR bez potencialu
V(1) =20 (2.0) " (2.0)

a s potencialem jako funkci pouze ¢asu
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_ F16. 1. Schematic experiment to demonstrate interference with

time-dependent scalar potential. 4, B, C, D, E: suitable devices

to separate and divert beams, W), Wi: wave packets. My, M,: 5na f3

cylindrical metal tubes. F: interference region. Zmena taze

(e/R) S edt

BEHEM POBYTU UVNITR VALCU (Wien(v filtr) NA CHVILI (u jednoho) ZMENIT
POTENCIALzOna V
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reseni SR bez potencialu
V(1) =20 (2.0) " (2.0)

a s potencialem jako funkci pouze ¢asu
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_ F16. 1. Schematic experiment to demonstrate interference with

time-dependent scalar potential. 4, B, C, D, E: suitable devices

to separate and divert beams. W,, Ws: wave packets. M, M;: 5na f3

cylindrical metal tubes. F: interference region. Zmena taze

(e/R) S edt

KDY ale sepnout a KDY vypnout???

ergo kdy je klubko dostate¢né uvnitr?



Elektricka verze

reseni SR bez potencialu
V(x.0) =¥ (2.0) -+ (2.0)

a s potencidlem jako funkci pouze casu

¢=¢Iﬂr131f#+¢gﬂrtﬁm H’
F16. 1. Schematic experiment to demonstrate interference with
1 dent scalar potential. A, B, C, D, E: suitable devices

-.‘.l‘:[:'ﬂfqmdf, 3'1=Eflpaﬂrf.
to separate and divert beams. W,, Wi: wave packets. My, M,: v ,
cylindrical metal tubes. F: interference region. zmena faze

(e/R) S edt

KDY ale sepnout a KDY vypnout???
TECHNICKY JE TO

UTOPIE

presto se lze docist, ze elektricky AB jev byl pozorovan...



Magneto elektricka verze

Ocekavali bychom, Ze podobné jako je spjato elektrické a magnetické pole, najdeme i
néjaky experiment, kde se uplatni jak magneticka tak elektricka predstava zaroven...

Sl mikrometrove prstence

magneticky AB jev
elektricky prispévek???

bohuzel ve vodivych prstencich vytvofit néjaky potencidlovy schod je obtiZné



Magneto elektricka verze

Ocekavali bychom, Ze podobné jako je spjato elektrické a magnetické pole, najdeme i
néjaky experiment, kde se uplatni jak magneticka tak elektricka predstava zaroven...

g mikrometrové prstence

magneticky AB jev
elektricky prispévek???

bohuZel ve vodivych prstencich vytvotit néjaky potencidlovij schod je obtizZné a
tedy pozorovat tento prispévek neni mozné



ovSem pokud prstence prerusime...




Elektrony zleva (obsazené stavy) mohou tunelovat skrz bariéru doprava (volno)

TO JE EKVIVALENTNI TVORBE PARU elektron-dira

pak nastava difuze elektront a dér v opacnych polovinach prstence
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Elektrony zleva (obsazené stavy) mohou tunelovat skrz bariéru doprava (volno)

TO JE EKVIVALENTNI TVORBE PARU elektron-dira

pak nastava difuze elektront a dér v opacnych polovinach prstence

PRAVE TEHDY JE VYTVORENA
 — UZAVRENA SMYCKA

U

pravé tehdy se uplatni
magneticky AB jev

_11.{153 = UjA -dr = 27eBS/h

Pravdépodobnost rekombinace
viny elektronu a diry je tedy
nenulova! b




A LE eee diky rozdilu napéti

vznikne i rozdil fazitl!!



A LE eee diky rozdilu napéti

vznikne i rozdil fazitl!!

Pro srovnani vzorec odvozeny na prednasce pro elektricky AB jev:
_elL ,_L
v v

a z prvni folie:

(e/h) S dt

AD
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Figure 3 Aharonov-Bohm conductance as a function of magnetic field 8 at |
T = 20mkK for bias voltages separated by 0.48 pV. The traces have been offset by
53 with respect to the conductance-axis for clarity. The Aharonov-Bohm
conductance G g has been extracted from G by rejecting the Fourier components
of G for magnetic frequencies smaller than 0.1 mT-" The bold traces a-c in the Fiaure 4 MNormalized correlation function versus AB/Ban at T=20mkK.
rectangular box show an example ofthe combined manifestation of the magnetic

and electrostatic Aharonov-Bohm effect.




Deékuji za pozornost!
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Bohm - Aharoniv jev

prednasky z predmeétu F4110



