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22.1 Energy and momentum of a photon
A LEVEL Photon energy

E = hf
E = hc / λ

E  —  photon energy  (J)
h  —  Planck constant  (J s)
f  —  frequency  (Hz)

A LEVEL Photon momentum
p = E / c

p  —  momentum  (kg m s⁻¹)
E  —  photon energy  (J)
c  —  speed of light  (m s⁻¹)

22.2 Photoelectric effect
A LEVEL Photoelectric equation

hf = Φ + ½mv²max
hf  —  photon energy  (J)
Φ  —  work function  (J)
½mv²max  —  maximum kinetic energy of the electron  (J)

22.3 Wave–particle duality
A LEVEL de Broglie wavelength

λ = h / p
λ  —  de Broglie wavelength  (m)
h  —  Planck constant  (J s)
p  —  momentum  (kg m s⁻¹)

22.4 Energy levels in atoms and line spectra
A LEVEL Transition between energy levels

hf = E₁ − E₂
E₁, E₂  —  the two energy levels  (J)
f  —  frequency of the emitted photon  (Hz)
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