
Classical

F = ma

E =
mv2

2

Efield =
δV

δx
Drift: j = σ × Efield

Diffusion:

jn = qDn
δn

δx

jp = −qDp
δp

δx

Waves

vphase =
ω

k
= λf

ω = 2πf

k =
ω

vphase

λ =
2π

k

Plane wave: = Aei(kx−ωt)

Plane wave absorbtion factor: = e
−αx

2

Transverse: E · k = 0

Quantum

E = ~ω
p = ~k

Free electron: E =
~2k2

2m
−~2

2m
∇2Ψ + VΨ = EΨ

Devices

Excitation over a barrier: ≈ e
qVb
kT

Diode: I = I0e
qV
kT −1

Transistor: Ic = βIb

Optical Amp/Laser:

I = I0e
−αx

α ≈ n1 − n2

1


