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Recitation 15
Outline:

Spring 2012

Final Exam Toolbox Review
1. Quantum Mechanics

a) Fundamental Postulates & Schrodinger’s Equation

b) Fundamental Systems by Hamiltonian

c) Periodic Potentials: Bloch Waveforms & Electronic Band Diagrams

2. Solid State Physics

a) Density of States & Fermi-Dirac Distribution
b) Charge Carrier Density in Semi-Conductors (Intrinsic & Extrinsic)

¢) p-nJunction Devices: Solar Cells & LEDs
3. Electrodynamics, Optics, & Magnetism

a) Maxwell’s Equations, Constitutive Relations, & The Damped Harmonic Oscillator
b) Optical Constants, Boundary Conditions, Snell’s Law, & Light Interaction with Matter
c¢) Origins of Magnetism, Magnetic Hysteresis, & Magnetic Exchange Energy

1. Quantum Mechanics

a) Fundamental Postulates & Schrodinger’s Equation
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b) Fundamental Systems by Hamiltonian
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c) Periodic Potentials: Bloch Waveforms & Electronic Band Diagrams
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2. Solid State Physics
a) Density of States & Fermi-Dirac Distribution
Finding an nD system density of states:
First calculate the total number of states N
nD k — space volume of entire Brillouin Zone

N = # of Fermi State (Based off of spi
of Fermions per State (Based off of spin) nD k — space volume between atoms
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Next use free electron energy to express N as a function of E

n
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Divide N by the nD real space volume to get the volume state density n
n
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Finally, find g(E) by taking the derivative of n with respect to E

n
dn c(2m)z n
g(B) =— =T22 (@m)? p -1

dE (2mh)N
The Fermi-Dirac distribution gives the probability at a temperature T and energy E that a fermion will occupy

that state. Electrons are fermions, so we apply this distribution when calculating total charge carrier densities.
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b) Charge Carrier Density in Semi-Conductors (Intrinsic & Extrinsic)
General formula to calculate the electron charge carrier density in material with lowest conduction energy Eo.
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Extrinsic SC
p-type material (dopant is electron acceptor)
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¢) p-nJunction Devices: Solar Cells & LEDs
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3. Electrodynamics, Optics, & Magnetism
a) Maxwell’s Equations, Constitutive Relations, & The Damped Harmonic Oscillator
Maxwell’s Equations
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b) Optical Constants, Boundary Conditions, Snell’s Law, & Light Interaction with Matter
Optical Constants & Relations
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c) Origins of Magnetism, Magnetic Hysteresis, & Magnetic Exchange Energy
Origins of Magnetism

Total Angular Momentum
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Magnetic Hysteresis
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Courtesy of Wayne Storr. Used with permission.

Hard Magnets = High Coercivity
Soft Magnets = Low Coercivity


http://www.electronics-tutorials.ws/electromagnetism/magnetic-hysteresis.html
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Magnetic Exchange Energy
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J_. >0= exchange energy is minimized when §, 11 § s

T T T T T T Large spontaneous magnetization at T < T,

Anti-ferromagnetic:

J_ <0 = exchange energy is minimized when S, 1| § )

Ferrimagnetic:

J,, <0 = exchange energy is minimized when §,. 1S 7

spontaneous ordering at T <7,

T v
l T No net magnetization, but ordering at 7 < T,

T Reduced net magnetization (as compared to ferromagnetic materials),
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