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Light has both classical-wave and classical-particle characteristics. In single- and double-slit
experiments light behaves like a wave. In the photoelectric effect light behaves like a particle. Light
may be characterized as an electromagnetic wave with a particular wavelength or frequency, yvet at
the same time light may be characterized as a stream of photons, each carrying a discrete energy, hf.
Since light displays both wave and particle characteristics, perhaps it would be fair to call light a
“wavicle”. It is customary to call a photon a quantum particle, different from a classical particle.

An electron has both classical-wave and classical-particle characteristics. In single- and double-slit
diffraction and interference experiments, electrons behave like classical waves. An electron has mass
and charge. It carries kinetic energy and momentum in parcels of definite size, as classical particles
do. At the same time it has a particular wavelength and frequency. Since an electron displays
characteristics of both classical waves and classical partidles, it is neither a classical wave nor a
classical particle, 1t is customary to call it a quantum particle, but another invented term, such as
“wavicle”, could serve equally well.

The discovery of electron diffraction by Davisson and Germer was a fundamental advance in our
understanding of the motion of material particles. Newton's laws fail to properly describe the
motion of an object with small mass. It moves as a wave, not as a classical particle. Proceeding from
this recognition, the development of quantum mechanics made possible describing the motion of
electrons in atoms; understanding molecular structure and the behavior of matter at the atomic
scale, including electronics, photonics, and engineered materials; accounting for the motion of
nucleons in nuclei; and studying elementary particles,

Any object of macroscopic size—including a grain of dust—has an undetectably small wavelength
and does not exhibit quantum behavior.

A particle is represented by a wave packet of nonzero width. The width necessarily introduces
uncertainty in the position of the particle. The width of the wave packet can be reduced toward zero
only by adding waves of all possible wavelengths together. Doing this, however, results in loss of all
information about the momentum and, therefore, the speed of the particle.

The intensity of electron waves in some small region of space determines the probability that an
electron will be found in that region.



