
Modern Physics 

de Broglie Waves 
 

Problem 1.- 

 

a) Calculate the wavelength of a slow neutron (you can use non-relativistic equations) whose 

kinetic energy is 75 eV. 

 

b) Calculate the wavelength of a fast neutron (you need to use relativistic equations) whose 

kinetic energy is 1.8 GeV. 

 

Solution:  
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b) Using relativistic momentum:  
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The de Broglie wavelength is: 
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Problem 2.- Calculate the theoretical maximum resolution (comparable to the de Broglie 

wavelength) of an electron microscope that uses electrons accelerated to 3MeV. 

 

Solution: We can safely say that the resolution limit is of the same order of magnitude as the de 

Broglie wavelength of the electrons used.  

Since the kinetic energy is larger than the rest energy of the electron, we should use relativity to 

get the momentum: 
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In this equation, E is the total energy, kinetic plus energy at rest. Solving for p we get: 
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Plugging in the values of the problem: 
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Now, the wavelength: 
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Problem 3.-Consider the argon atoms present in air. As an average, when are their de Broglie 

wavelengths shorter, in winter or summer? 

 

Solution: The higher the temperature the higher the average momentum and so the shorter the 

wavelength, so the right answer is summer. 

 

Problem 4.- The wavefunction of a free electron is given by: 
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Solution: The wavefunction is a sine function, so the de Broglie wavelength is obtained directly 

for that function: 

 

nm54.1=λ  

 

The momentum will be: 
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Problem 5.- The wavefunction of a free electron is given by: 
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Find its momentum, kinetic energy, and de Broglie wavelength. 

 

Solution: We can re-write the wave function as follows: 
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This is a linear superposition of two wave functions with opposite momentum, so the expected 

value is zero. However the absolute value is 

 

( )( )34 10 1 241.055 10 Js 2.5 10 m 2.64 10 kgm/sp k − − −= = × × = ×�  

 

The kinetic energy is: 
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We are justified in using the non-relativistic equation because the kinetic energy is very small 

compared to the rest energy of the electron (511 keV). 

 

To get the de Broglie wavelength we identify the wavenumber: 
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Problem 6.- A free particle with kinetic energy E and de Broglie wavelength λ enters a region in 

which it has potential energy V. What is the particle’s new de Broglie wavelength? 
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Solution: The kinetic energy will be E-V in the region and the new momentum will be smaller 

than before by a factor (1-V/E)0.5, so the de Broglie wavelength will be longer by (1-V/E)-0.5 

 

Answer: E 


