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The Hamiltonian of a particle in a magnetic field

charged particle in a magnetic field. The Hamiltonian of such system is:
| 2 .
H=—(p—¢cA)y +Vir). (1)
2m

where A is the vector potential of the magnetic ficld B and V(r) is a confining potential.
The Hamiltonian of a charged particle in a magnetic field reads,

(p—eA)?

2in,

where j is thdMheke coes this Hamiltentanicomefnom?

and V' the spatial confining potential. If the magnetic field is axial and constant,

B = Byk, we may choose the potential vector A [—%_r; By, %r By.0) so that the

H= +V, (1)

The Hamiltonian for an electron in the two-dimensional Within the effective mass and envelope function approxi-
(x,¥) plane, in the presence of a magnetic field, reads (in mations, this Hamiltonian for a system in the (x. v) plane is, in
4 ll.! b alomic units,

H= (p+A)7+ Vix, v). (h
2m*

| y
=—(p+A)" + Vlx.y). (1)
2m 2 . e .
where m* stands for the electron effective mass. A is the vector

where m” stands for the effective mass. A is the vector po- potential and Vix, v) represents a finite scalar potential which

motion of the electron in the ring. In atomic unils, the coordinates of the QR and write the Hamiltonian in
Hamiltonian may be written as: atomic units as

H= o+ AP+ Viry "= AP+ Py 1

_th-.—.-\l + Vix, ¥, (n _W[p+; ¥+ Fix, ), (1

where m* stands for the electron effective mass, p is the where m* stands for the electron effective mass, A is the

-anonical g Ve sy o uace el tontisl xvector potential and T o) represents o finite sealar




Classical Mechanics:
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Lagrange function in this case?
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Hamiltonian
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Gauge

B=VAA ' A=A+VX = B=VAA
T 7k
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We may select y:

Coulomb Gauge :

V(A1 +Vy)=VA=0

VA =0

Hamiltonian (coulomb gauge)
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Axial magnetic field B & coulomb gauge
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Confined electron pierced by a magnetic field

Spherical confinement, axial symmetry g — Bgl_(;
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Competition: quadratic vs. linear term




Electron in a spherical QD pierced by a magnetic field
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Electron in a QR pierced by a magnetic field
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Aharonov-Bohm Effect

Y. Aharonov, D. Bohm, Phys. Rev. 115 (1959) 485

* Classical mechanics: equations of motion can
always be expressed in term of field alone.

» Quantum mechanics: canonical formalism.
Potentials cannot be eliminated.

* An electron can be influenced by the potentials
even if no fields act upon it.

Semiconductor Quantum Rings

Litographic rings
GaAs/AlGaAs

A.Fuhrer et al., Nature
413 (2001) 822;

M. Bayer et al.,
Phys. Rev. Lett.

90 (2003) 186801.
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self-assembled rings

InAs J.M.Garcia et al., Appl. Phys. Lett.

71 (1997) 2014

T. Raz et al., Appl. Phys. Lett 82
(2003) 1706

B.C. Lee, C.P. Lee, Nanotech. 15
(2004) 848




Toy-example : Quantum ring 1D
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