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Blackbody Radiation
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Concept Test

• A blacksmith heats an iron rod which 
starts to radiate, beginning red, then 
orange, then yellow, and ultimately 
white. As the iron becomes hotter, the 
color changes because

• Red light has a longer wavelength 
then blue light

• Red and blue light have the same 
wavelength

• Blue light has a longer wavelength 
then red light

Image: http://www.saunalahti.fi
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Planck’s Formula

Max Planck
1848-1947

Nobel Prize 1918

I(λ, T ) =
2πc2h
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Image: http://wikipedia.org

Light comes
in discrete

quanta! Photons

E∝Frequency!
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Planck’s Constant

1 V = 1 J/C
e≈1.6 x 10-19 C

1 eV≈1.6 x 10-19 J



Light Quanta?

Image: http://www.electrical-res.com, wikipedia.org

Classically: 
EM Radiation = Waves
Energy ∝ (Amplitude)2

James Clerk Maxwell
1831-1879
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Classically: 
EM Radiation = Waves
Energy ∝ (Amplitude)2

Photoeletric Effect I

Image: Thornton and Rex

Heinrich Hertz

Phillip Lenard
1862-1947

Nobel Prize 1905
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Photoelectric Effect II

Image: Thornton and Rex
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Concept Test
• In the photoelectric effect, if a fixed 
frequency of light shines on a metal, as the 
intensity of the light is increased

• the number of electrons ejected 
increases

• the energy of the ejected electrons 
increases

• both the number and energy of the 
ejected electrons increases



Photoelectric Effect III

Albert Einstein
1879-1955

Nobel Prize 1921

Einstein extended Planck’s hypothesis
to explain the photoelectric effect!



X-Ray Production
Inverse photoelectric effect:

Images: Thornton and Rex

Maximum frequency
related to maximum energy✓

Duane-Hunt limit 
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Compton Scattering I
Classical Picture of Scattering of Light:

Light scatters off all electrons in metal, and 
scattered frequency same as incident frequency

Electron accelerates, 
and reradiates



Concept Test

• Light is a transverse wave: the direction of the
oscilliating E and B fields is perpendicular to the
direction of propagation. What is wrong with the
diagram above?

• Light doesn’t have to be blue

• The electron is moving in the wrong direction

• The scattered light is not a spherical wave

• Electrons aren’t green



Compton Scattering II

Quantum

A quantum of light scatters of an electron, and 
can change energy and hence frequency



Compton Formula

Image: http://wikipedia.org
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Arthur Holly Compton
1892-1962

Nobel Prize 1927
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Positronium (eet) decay at rest
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two photons
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A useful process for PET
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Summary
• Planck’s formula, E=hν, explains

• Blackbody Spectrum

• Photoelectric Effect

• X-ray Production

• Compton Scattering

Light behaves both like a particle and a wave!

Light “particle” - Photon




