
Chapter 38

Photons and Matter Waves



The probabilistic description of a light 

wave is another way to view light. It is 

not only an electromagnetic wave but 

also a probability wave. That is, to 

every point in a light wave we can 

attach a numerical probability (per unit 

time interval) that a photon can be 

detected in any small volume centered 

on that point. This probability is directly 

related to the square of the amplitude 

electric field vector at that point. 



Consider the double-slit experiment again. Since an interference pattern eventually builds 

up on the screen, we can speculate that each photon travels from source to screen as a 

wave that fills up the space between source and screen and then vanishes in a photon 

absorption at some point on the screen, with a transfer of energy and momentum to the 

screen at that point.

We cannot predict where this transfer will occur (where a photon will be detected) for any 

given photon originating at the source. 

However, we can predict the probability that a transfer will occur at any given point on the 

screen.

Transfers will tend to occur (and thus photons will tend to be absorbed) in the regions of 

the bright fringes in the interference pattern that builds up on the screen. Transfers will 

tend not to occur (and thus photons will tend not to be absorbed) in the regions of the dark 

fringes in the built-up pattern.

Thus, we can say that the wave traveling from the source to the screen is a probability 

wave, which produces a pattern of “probability fringes” on the screen.



When a molecule in the source emits a 

single photon, does that photon travel

along path 1 or path 2 in the figure (or along 

any other path)? Or can it move in both 

directions at once? 

To answer, we assume that when a molecule 

emits a photon, a probability wave radiates 

in all directions from it. The experiment 

samples this wave in two of those 

directions, chosen to be nearly opposite 

each other.

We see that we can interpret all three 

versions of the double-slit experiment

if we assume that (1) light is generated in 

the source as photons, (2) light is absorbed 

in the detector as photons, and (3) light 

travels between source and detector as a 

probability wave.



38.4: The Birth of Quantum Physics

A debate among scientists started in the 

1900 on discrepancy between theory 

and experiment of black body radiation 

that led to the birth Quantum Physics.







38.5: Electrons and Matter Waves:

de Broglie suggested that p =h/l might apply not only

to photons but also to electrons



38.5: Electrons and Matter Waves:





38.6: Schrödinger’s Equation:

If a wave function, y(x, y, z, t), can be used to describe matter waves, then its space and 

time variables can be grouped separately and  can be written in the form

where w=( 2p f ) is the angular frequency of the matter wave.

Suppose that a matter wave reaches a particle detector; then the probability that a particle 

will be detected in a specified time interval is proportional to |y|2, where |y| is the absolute 

value of the wave function at the location of the detector.

|y|2 is always both real and positive, and it is called the probability density,



38.6: Schrödinger’s Equation:

Matter waves are described by Schrödinger’s Equation.

Suppose a particle traveling in the x direction through a region in which forces acting on 

the particle cause it to have a potential energy U(x). In this special case, Schrödinger’s 

equation can be written as:

For a free particle, U(x) is zero, that equation describes a free particle where a moving 

particle on which no net force acting on it. The particle’s total energy in this case is all 

kinetic, and the equation becomes:

Using the concept of de Broglie wavelength and the definition of wave number,  

The solution to this is:

Here A and B are constants. 



38.6: Schrödinger’s Equation, Finding the Probability Density:

Consider a free particle that travels only 

in the positive direction of x. Let the 

arbitrary constant B be zero. At the same 

time, let us relabel the constant A as y0.


