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Chapter 38: Light Waves Behaving as 
Particles

 Photoelectric Effects
 X-ray Production
 Compton Scattering & Pair 

Production
 Heisenberg Uncertainty 

Principle
 Wave/Particle Duality



Quantum Nature of Light

 By the end of the 19th century, most physicists (Maxwell, Hertz, 

and others) have firmly established that electromagnetic waves are 

waves which exhibit interference and diffraction (Ch. 35-36).

Two seemingly paradoxical nature of light (EM waves):

 But newer experiments on the emissions and absorptions of EM 

waves have shown behaviors which CANNOT be explained with light 

being a wave… It requires a radical new thinking of light as quantized 

packets of energy called photons (as particles).



Quantum Nature of Light

X Rays Production, Compton Scattering, & 
Pair Production:
X-rays were discovered in 1895 in high-voltage 
electric discharge tubes but no one understood the 
process in their production and what determine 
their wavelengths.  In particular, when x-rays 
collide with matter, the scatter rays act non-
classically.

Photoelectric Effect: When light struck a metal 
surface, some electrons near the surface will be 
emitted.  The absorption and emission process 
can only be explained by assuming light is 
quantized into packets of energy.



Absorption of Light as Particles:
The Photoelectric Effect
An experimental demonstration of the particle nature of light.

Observation: Light causes the cathode to emit 
electrons (photoelectrons), which are pushed 
toward the anode by the electric-field force.

Electrons on the metal surface 
(cathode) are normally bounded to 
the positive ions on the surface.

If an electron absorb enough energy from the 
incident radiations to overcome the potential-
energy, it can be ejected.
The potential energy which an e needs to escape 
the surface is call the work function f

Rationale:

and i is called the photocurrent 



The Photoelectric Effect

is basically a direct measurement 
of the maximum KE (Kmax) of these 
electrons and they are related by,

Above a certain potential strength     , 
NO e- can reach the anode!

max 0K eV

The minimum     needed to stop all e-
getting across to the anode is called 
the stopping potential V0 and
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The Photoelectric Effect

Unexpected Results:

•No electrons are ejected if f < f0

(threshold frequency) independent of 
light intensity

•Even at very low intensity with f > f0, 
emission is immediate

•V0 is independent of intensity

Classical Expectation: 
• Energy of EM wave depends on intensity 
 emission will monotonically depend 
on intensity

• For low intensity light, emission is 
expected to be delayed

• Energy of light not dependent on f



Photoelectric Effect

The dependence of V0 (Kmax

of the ejected electrons) on f
is also another unexpected 
(unexplainable by classical 
physics) result.

 Energy of light was NOT 
expected (classically) to 
depend on its frequency f.

More Unexpected Result: 



Einstein’s Photon Explanation

In 1905, Einstein published his theory on photoelectric effect which resulted 
in his Nobel prize in 1921.

Built upon Max Planck’s hypothesis of quantized light (photon).  [later]

hc
E hf


  (energy of a photon)

34where 6.626 10h J s   is a universal constant called Planck’s Constant.

Note the smallness of this number.


