
Useful constants and equations

e = 1.602 × 10−19 C 1

4πǫ0
= 9.0 × 109 N m2/C2 e2

4πǫ0
= 1.44 eV nm

c = 3.00 × 108 m/s h = 6.626 × 10−34 J s = 4.136 × 10−15 eV s h̄ = h
2π

hc = 1240 eV nm h̄c = 197.3 eV nm 1 eV = 1.602×10−19 J R∞ = 1.097×107 m−1

me = 9.11 × 10−31 kg = 511 keV/c2 a0 = 0.0529 nm E0 = −13.6 eV
σ = 5.670 × 10−8 W/m2K4

Electromagnetic Waves : for plane waves :

c = λν = ω/k ~E = ~E0 cos(~k · ~r − ωt)

k = 2π/λ ~B = ~B0 cos(~k · ~r − ωt)

E = h̄ω = pc = hc/λ ~B = 1

ω
~k × ~E and E0 = cB0

Particle Waves:
p = h/λ = h̄k

E = hν = h̄ω =
√

(pc)2 + (mc2)2

vphase = ω/k
vgroup = dω/dk|k0

= [vphase + k dvphase/dk]k0

Compton Scattering:

λ′ = λ0 + h
mc

(1 − cos θ)

Blackbody radiation: R = σ T 4 λmaxT = 2.898 × 10−3 mK

Photoelectric effect: E = hν = Ke + Φ = e Vs + Φ

Heisenberg: ∆px ∆x ∼ h̄ ∆E∆t ∼ h̄

Schrödinger Equation:
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P dx = |ψ|2 dx and |ψ|2 = ψ ψ∗
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for wave ψ1 = Aeikx +Be−ikx incident from left on potential step

with: R + T = 1 where T is transmission coefficient

Hydrogen Atom: E =
−13.6 eV

n2
with n = 1, 2, 3, · · · l < n − l ≤ m ≤ +l

Rutherford Scattering: N(θ) = k
(

z · Z

2Ke

)2
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)2
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sin4(θ/2)
with k(= const) ∝ nt

θ = scattering angle n = particle density and t = foil thickness
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