
Chapter 38

Photons and Matter Waves



38.1: The Photon, the Quantum of Light:

In 1905, Einstein proposed that electromagnetic radiation (or simply light) is quantized 

and exists in elementary amounts (quanta) that we now call photons.

According to that proposal, the quantum of a light wave of frequency f has the energy

Here h is the Planck constant, which has the value





Example, Emission and absorption of light as photons:



38.2: The Photoelectric Effect:

We then vary V until it reaches a certain value, called the stopping potential Vstop , at 

which point the reading of meter A has just dropped to zero. When V =Vstop, the most 

energetic ejected electrons are turned back just before reaching the collector. Then Kmax , 

the kinetic energy of these most energetic electrons, is

I- First Photoelectric Experiment:



II- Second Photoelectric Experiment:

If the frequency f of the 

incident light is varied and the 

associated stopping potential 

Vstop is measured, then the 

plot of Vstop versus f as shown 

in the figure is obtained. The 

photoelectric effect does not 

occur if the frequency is 

below a certain cutoff 

frequency f0 . This is so no 

matter how intense the 

incident light is.

The electrons within the target are held there by electric forces. To just escape from the target, 

an electron must pick up a certain minimum energy f, where f is a property of the target 

material called its work function. If the energy hf transferred to an electron by a photon 

exceeds the work function of the material (if hf >f), the electron can escape the target.







38.3: Photons Have Momentum: Compton Effect:



Fig. 38-4 Compton’s 

results for four values of 

the scattering angle f. 

Note that the Compton 

shift Dl increases as the 

scattering angle increases.

38.3: Photons Have Momentum, Compton Effect:



As a result of the collision, an x ray of wavelength ĺ  moves off at an angle f and the electron 

moves off at an angle q, as shown. Conservation of energy then gives us

38.3: Photons Have Momentum, Compton Effect:



Here hf is the energy of the incident x-ray photon, hf’ is the energy of the scattered x-ray 

photon, and K is the kinetic energy of the recoiling electron. Since the electron may recoil 

with a speed comparable to that of light,

The quantity h/mc in Eq. 38-11 is a constant called the Compton wavelength.





Example, Compton Scattering of Light by Electrons:


