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Matter and Waves I 
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Introduction 
 Much is known about the properties of waves including: frequency, wavelength, period, 
velocity and their energy.  It is also known that a photon can and does behave like both a particle 
and like a wave.  This characteristic of photons is known as the particle-wave duality of light.   

Around 1925, during the infancy of quantum mechanics, a physicist named Louis de Broglie 
decided to test how well this new mechanics behaved when applied to the macro level of matter.  
He wanted to determine if all matter could and, in fact, have a wave component to its existence.  
With the work of Planck, Einstein and Bohr firmly at his side, he forged forward to what for 
most would be a rather confounded conclusion.  He called his solution “Matter Waves”. De 
Broglie first developed a few logical concepts that were not so clear to others at the time. 
1. The matter in question must have zero rest mass.  This is necessary to maintain a non-

infinite mass relativistically according to Einstein’s equation below where m is mass, m0 is 
the rest mass, v is the velocity and c is the speed of light. 

 

                             0 / 1 ( )m m v c= −  
 

2. The matter in question must also have a finite energy.  This is necessary to maintain a non-
infinite energy relativistically according to Einstein’s equation where E is the total energy. 

 

                                        
2E mc=  

3. The matter in question here must obey the Conservation of Energy and Momentum Laws. 
When this is true, the total energy and relativistic momentum are related as follows with p is 
the momentum. 

 

                              
2 2 2 2 2

0( )E p c m c= +  
 
For m0 approaching zero, the energy simplifies to: 

 
                                   E pc=  
   

The energy can also be written in the form of a wave.  With h equal to Planck’s constant, f equal 
to the frequency of the wave and λ equal to the wavelength of the wave, this equation becomes: 

 

                                   E hf hc λ= =  
 

Combining these two equations leads to the following conclusion. The momentum of a single 
photon can be directly related to its wavelength. 

                                     
E hf hp
c c λ

= = =  
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 Historically this was no giant leap in human understanding.  It was simply the logical 
conclusion to some very carefully executed mathematical operations.  However, hidden in this 
final statement is the relationship that would spark years of debate among physicists.  Solving 
this relationship for the wavelength, λ, what results is a simple relationship that represents de 
Broglie’s waves. 

h h
p mv

λ = =    

 

That is, it must be multiples of a fixed value. Bohr determined this value to be: 
2
h
π

=h  

 After repeated mathematical calculations and comparisons to the spectra of the hydrogen 
atom,  de Broglie went on to argue that if the electrons were to stay in fixed orbits then the wave 
that is associated with them must be a standing wave.  That is, a wave that travels a fixed 
distance and reinforces itself upon returning to its starting point.  This is remarkable, yet there is 
no reason that it had to be true.  All de Broglie needed to do was to show mathematically that the 
accepted circular orbits that Bohr’s model allowed would in fact support standing waves, and 
that these standing waves would be integer multiples of some “standard” wavelength.  To do 
this, he applied the following process. 

1. The circumference of any circle is  c=2πr 
2. If a standing wave fits on the circumference, its length 

must be l=nλ, with n = an integer. 
3. Setting the two equal to each other yields c=2πr= l=nλ . 
4. Finally λ = (2πr)/n 

 
 
 

5. Using the above relationship with the de Broglie equation for wavelength: 
 

                                                     
2 r h

n mv
πλ = =  

 
6. And substituting the definition of angular momentum, l = mvr, and rearranging: 

                   
  or   
 
 We find that the allowed orbits in an atom have integer multiples of some value of angular 
momentum.  The integer, n, corresponds directly to the number of full waves in the standing 
wave.  As a final conclusion, this integer number also corresponds to the Principle Quantum 
number of the orbit that Bohr’s model initially predicted. (i.e. n= integer multiple of his constant 
h/2π.)  Further, the amplitude of the de Broglie wave is related to the location of the electron 
itself at any given time. 
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