
Chapter 29

Particles and Waves



Particles and Waves

� We saw in the last chapter how the wave 
nature of light was determined

� Diffraction and interference demonstrated 
this

� If particles of light can behave like waves, 
can other particles such as electrons also 
have wave-like properties?

� The short answer is yes!

� This is called the wave-particle duality.



Blackbody Radiation

� Recall in chapter 12 and 13 we 
talked about radiation as a form of 
heat loss. 

� We determined that an object at a 
certain temperature lost energy 
through the emission of photons.

� What was not revealed at that time 
was the fact that the wavelengths 
(frequencies) of light emitted was 
not one value but instead many 
different values of varying intensity

� This is called blackbody radiation in 
reference to the fact that a perfect 
blackbody absorbs all incident 
radiation as well as re-emitting every 
wavelength.



Max Planck and His Constant

� Envisioned that a blackbody was made from 
many oscillators which existed on the 
atomic level.

� Classically, there is not a limit to the energy 
an oscillator may have.

� Planck believed the energy of these atomic 
oscillators could not have any value but 
instead must follow:

� where: n = 1,2,3... and h  is called Plank's 
Constant.

� Planck's Constant h = 6.626 
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Quantized Energy

	 Classically, the oscillator may 
have any value of energy. Here, 
the energy spectrum is said to be 
continuous.

	 Planck stated his belief that the 
oscillators making up matter had 
discrete energy levels


 Far reaching consequences

� System may only lose energy 
in steps:

� Energy carried off by photons 
(light) of a particular frequency 
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The Photoelectric Effect

� In the last of the three revolutionary papers 
Einstein published in 1905, he built upon 
Plank's ideas and described the photoelectric 
effect.

� Light shining on a metal surface may or may 
not kick electrons from the metal

� If the light does not produce electrons from the 
surface, no increase in intensity will produce 
electrons

� To kick electrons from the surface, light must 
have a large enough frequency

� Einstein proposed that photons were packets of 
energy given by:

� where h is Planck's constant and f is the 
frequency of light shining on the surface

E � h f



Photoelectric Effect (2)

V

Incident LightEjected ElectronA

For a photon to liberate an electron from the metal surface, it must overcome the binding 
energy of the electron to the surface. This energy is called the work function of the metal.

Recall Electrical Potential Energy between the two plates is given by:

For the electron to reach the upper plate, it must have a kinetic energy equal to or greater 
than the EPE. Conservation of energy allows us to write the following:

If we adjust the voltage between the two plates and adjust the frequency of light we may 
determine the metal's work function. Remember, the frequency of light must be larger 
than the work function to allow electrons to be ejected in the first place.

EPE � qV
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Massless Photons Carry Momentum

Arthur Compton was performing experiments 
in 1923 where he was scattering light from 
electrons in graphite. He was using x-rays 
since these have a wavelength comparable to 
the size of the atom (10-10 m). He was able to 
show light carried momentum by using the 
Law of Conservation of Momentum.

Without numbers, it is easy to deduce light 
carries momentum. How? 

Prior to the collision, the electron is at rest 
therefore it has zero momentum in both the x 
and y directions. After the collision, it was 
determined that the electron took off an angle 
along with a scattered photon (fully explained 
in class).



Compton Wavelength

We saw in the last chapter that relativistic momentum and energy is given by:

Energy �

m c2

1 � v 2 �

c2
and p �

m v
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dividing p by Energy we find:
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In a vacuum, the speed of light is c, so v cancels one c and: 

p �

1
c

Energy

but we have determined the energy is given by: Energy � h f

so: p �
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The de Broglie Wavelength

! Louis de Broglie suggested, in 
1923, that if light showed particle-
like behavior, then couldn't particles 
show wave-like behavior? 

" It turns out that particles do exhibit 
wave-like behavior and is evident 
by electrons interfering with each 
other as they pass through a double 
slit.

# The wavelength of particles is given 
by:

where p is the 
relativistic 
momentum
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The Heisenberg Uncertainty Principle

Physics on the very small scale is governed by the branch of physics called quantum 
mechanics. This description of nature is very counter intuitive to what we have been 
taught based upon what is now called classical mechanics.

For instance, classically, there is no problem knowing a particles position and momentum 
to any degree of accuracy. If you need more accuracy, you perform a better measurement.

In quantum mechanics, no matter how accurate you may measure, you cannot know both 
the position of a particle and its momentum exactly. There is a fundamental limit placed 
upon the measurement of both simultaneously. This is called the Heisenberg Uncertainty 
Principle.
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Thanks

,  I have really enjoyed lecturing this semester to all of you.

-  I hope you have gained a little insight into what the subject called 
physics is. I hope it was not as dreadful as everyone makes it out to be. 

. I could not have provided lecture notes without a wonderful, free, 
cross-platform office suite called OpenOffice.


