
S E C  T I O N  3 4 - 4 Electrons and Matter Waves 

set of energies. Conservation of energy then implies that if an atom absorbs or 
emits a photon, its internal energy changes by a discrete amount, which is ± the 
energy of the photon. In 1913, this led Niels Bohr to postulate that the inter
nal energy of an atom can have only a discrete set of values. That is, the internal 
energy of an atom is quantized. If an atom radiates light of frequency f, the atom 
makes a transition from one allowed level to another level that is lower in energy 
by t:..E = hf Bohr was able to construct a semiclassical model of the hydrogen 
atom that had a discrete set of energy levels consistent with the observed 
spectrum of emitted light.t However, the reason for the quantization of energy 
levels in atoms and other systems remained a mystery until the wave nature of 
electrons was discovered a decade later. 

3 4 . 4  E l e c t r o n s  a nd M a t t e r  Wa v e s  

In 1897, J .  J .  Thomson showed that the rays of a cathode
ray tube (Figure 34-6) can be deflected by electric and 
magnetic fields and therefore must consist of electrically 
charged particles. By measuring the deflections of these 
particles, Thomson showed that all the particles have the 
same charge-to-mass ratio q/m. He also showed that parti
cles with this charge-to-mass ratio can be obtained 
using any material for the cathode, which means that 
these particles, now called electrons, are a fundamental 
constituent of all matter. 

The de Broglie Hypothesis 
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Since light seems to have both wave and particle proper
ties, it is natural to ask whether matter (e.g., electrons, 
protons) might also have both wave and particle charac
teristics. In 1924, a French physics student, Louis de 
Broglie, suggested this idea in his doctoral dissertation. de 
Broglie's work was highly speculative, because there was 
no evidence at that time of any wave aspects of matter. 

FIG U R E 3 4  -6 Schematic diagram of the cathode-ray tube 
Thomson used to measure qlm for the particles that comprise 
cathode rays (electrons). Electrons from the cathode C pass 
through the slits at A and B and strike a phosphorescent screen S. 
The beam can be deflected by an electric field between plates D 
and F or by a magnetic field (not shown). 

For the wavelength of electron waves, de Broglie chose 
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DE BROGLIE RELATION FOR THE WAVELENGTH OF ELECTRON WAVES 

where p is the momentum of the electron. Note that this is the same as Equa
tion 34-7 for a photon. For the frequency of electron waves, de Broglie chose the 
Einstein equation relating the frequency and energy of a photon. 

34-14 

DE BROGLIE RELATION FOR THE FREQUENCY OF ELECTRON WAVES 

These equations are thought to apply to all matter. However, for macroscopic 
objects, the wavelengths calculated from Equation 34-13 are so small that it is 
impossible to observe the usual wave properties of interference or diffraction. 
Even a dust particle with a mass as small as 1 f..Lg is much too massive for any 
wave characteristics to be noticed, as we see in the following example. t We will study the Bohr model in Chapter 36. 




