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Metal-oxide semiconductor field effect transistors
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Charged particle in a magnetic field
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Why don't metals in a B field radiate?
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There are no lower lying states to fall into. We need a quantum description.
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Magnetic force depends on the velocity, not on the position.



Electrons in a magnetic field

Lorentz force law F=q (E +V x I§)
Euler Lagrange equations apob)_ ok _ 0
SHnsE = dt{ ox, ) ox
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Lagrangian: L=1mv’-—qV (F,t)+ qV-A(f,t)

Kittel: Appendix G
http://lamp.tu-graz.ac.at/~hadley/ss2/IQHE/cpimf.php
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Lagrangian
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conjugate variable: P, =——=mv, +gA

kinetic momentum field momentum

v, = %( D, — QA ) (inductance)
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Landau Levels

free particles in a magnetic field
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Landau Levels

free particles in a magnetic field
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Landau gauge A=B,xy.
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The solution has the form

Y = eikyyeik22¢(x).



Landau Levels

1 —h2V2+i2hquxi+ q°B,;x* |y = Ey.
2m dy

The solution has the form
Wy = eikyyeikzz¢(x).

Substitute this into the equation
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Landau Levels

The equation for ¢(X) 1s
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This 1s the equation for a harmonic oscillator
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Landau Levels
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Charged particle in a magnetic field

Bohr - Sommerfeld quantization
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Circular motion 1s harmonic motion. Harmonic motion i1s

quantized. ,

E, :ha)c(v+%)=;—m(kf+kj)

Vv labels the Landau level



Landau levels
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The global density of states in k-space does not change
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In 2-D, the k-volume per k state is: (Tﬁj



Density of states 2D
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The number of states between ring v-1 and ring v 1s
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Spin

In a magnetic field, there is a shift of the energy of the electrons because of their
spin.
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ization of the Schridinger equation for free electrons a magnetic field in 2 and 3 dimensions.

2-D Sclwddinger equation
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3-D Scluddinger equation
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Figenfunction solutions

w=g,(x)exp ik, y)

g,(x) is aharmonic oscillator wavefunction

w=g,(x)exp(ik, y Jexp(ik,2)

£,(x) is aharmonic oscillator wavefun
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