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https://ophysics.com/em?2.himl
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Electrons in Fields
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https://ophysics.com/em6.html

Magnetic
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Magnetic Field Sources

https://ophysics.com/em8.html
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Electrons
Humans
and the Sun

1.39 Billion m @

5.64 Femto m
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Stern-Girlach Experiment







Electron Spin

A tale of a blind man,
two tiles
and a desert!




Simple Harmonic Oscillator

e Particle in a parabolic potential:

e Governed by Schrodinger equation:

* Energy levels are quantized:

.....

~ Harmonic oscillator
classical .
* limits potential ?nd
wavefunctions




Quantum Hall Effect

) Magnetic
Fn, = magnetic field
<— force on +
negative charge +
carriers.
dy = electric force
Yy from charge
I Direction of conventional buildup
electric current
a , b
Classical Quantum

resistivity p
resistivity p
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e Hamiltonian with B field resembles QHO:

1
H= _"(p+eA)’
2m

* Energy levels are equally spaced:

where w, = % Is the cyclotron frequency.

* Just like QHO: discrete, equally spaced levels.
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2D - Electron Gas
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High Frequency Single Electron Pumps
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Magnetic Field Effects

-0.25

220

~02 -0.15 -0.2 —ois 02 -015 -02 -0.15

-y of C
{\eﬂ(s\w e %

N ‘L,‘
> e o
g il
G o
% 7]

",

exnt

Wright, S. J et al. Enhanced current quantization in high-frequency electron pumps in a perpendicular magnetic field. PhysRevB.(78)23 3311 (2008)
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Ahronov Bohm Effect

In the paths the electrons are to take, we have:
B=VxA=0

From Stokes theorem we have:
f A.dr=f(VxA).dS= fB.dS= o,
c S S

Cis the contracted path of integration around the rings and @, is the total magnetic flux through the ring. The
vector potential then takes on the form:

Magnetic flux

Electron

r, is the distance from the centre axis through the ring.

Classically we do not expect the electron motion to be affected by the enclosed magnetic field since the
electrons are in fact not moving through the magnetic field. The particles wave function is however affected by
the existence of the enclosed flux and a total phase difference between the two paths can be shown to be
equal to:

Ap=-d,,=m (d%)) where, &, = L; know as the quantum flux

Interference is therefore periodic in the number of flux quanta passing through the loop. It is constructive
when @ is a multiple of ®; and destructive halfway between.
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Multiplexor Devices
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Applications

Quantum Metrology

Quantum Spin Selection
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Spin-0rbit Coupling (Summary)

*A relativistic effect where an electron’s spin interacts
with its orbital motion.

*The electron’s spin magnetic moment feels the
magnetic field created by its own motion around the
nucleus.

*This interaction shifts atomic energy levels and affects
the electron’s spin behavior in electric fields.







