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Quantum Physics 
Handout 

Introduction 
A revolution in physics took place between 1900 and 1930 driven by Classical 

(Newtonian) Physics’ inability to explain the behavior of matter at the atomic level.  As with any 
revolution, it had its heroes:  Planck, Einstein, Bohr, Schrödinger, de Broglie, Heisenberg, Born, 
and Dirac, to name a few.  What came out of their ideas forced us to interpret our physical world 
in a different, yet consistent, way.  It all started with Blackbody Radiation. 
 
Blackbody Radiation 

A Blackbody is defined as an object that absorbs all the radiation that falls upon it.  A 
good example is a ball with a single opening.  Any incident light that enters the opening will be 
reflected around inside and ultimately absorbed, little if any gets out as you make the opening 
smaller.  The object is then free to radiate the energy it absorbs by means of a temperature 
increase, heat.  The plot of the intensity of emitted radiation versus wavelength of incident light 
shows an increase in intensity with a corresponding increase in wavelength according to Wien’s 
Displacement Law.   
 
            
 
 
 
 
 
 
 
 
 
 
 
 
Problem 

When experiments were carried out the results obtained did not agree with the 
“Classical” predictions.  Something else must be involved and Max Plank was the man with an 
idea.  In 1918, he simply stated two assumptions that were extremely controversial.  

 
1. The vibrating molecules that emitted the radiation may only have discrete amounts of 

energy.  He went on to define an equation to calculate this energy. The equation included 
a special numerical constant that would become known as Planck’s constant, “h”.  Also 
included was the frequency of the molecules vibration “f”, the resulting energy “E”, and 
the integer number “n” which was to become known at the principal quantum number. 

 

nE nhf=  
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2. The discrete units of light energy emitted are given the name quanta, later to be named 
photons.  They do so by jumping from one quantum state to another, changing by one 
unit at a time.  It is a conservation of energy argument.  The energy difference between 
any two adjacent quanta must be the energy of the emitted photon.  As a consequence, 
this energy is zero if the molecule remains fixed in a particular quantum state and the 
molecule or atom will radiate energy only when a change in quantum state is undergone.   
This energy is: 

E hf=  
Solution 

When experiments were carried out this time, the results obtained did agree with those 
described by Plank’s equations.  It is important to mention that Planck himself did not believe 
this quantum state to be a physical condition of reality and he and others continued to look for 
more rational explanations in the years to follow.  
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The Photoelectric Effect 

When a photon of light is incident on the surface of certain metals, electrons are emitted.  
This is known as the Photoelectric Effect, discovered early in the 19th century by a man named 
Hertz.  This effect produced some intriguing problems that did not agree with classical physics 
and therefore forced physicists once again to develop new explanations for its behavior.  The 
problems include the cutoff frequency, intensity independence, frequency dependency, and 
instantaneous electron emission. 
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Cutoff Frequency 
A frequency below which the photons do not have enough energy to eject an electron is 

called the cutoff frequency “fc”.  When the frequency of the photon is less than the cutoff 
frequency the photoelectric effect will not take place.  The cutoff frequency is independent of the 
intensity of the incident light.  This is found to happen experimentally but classical physics 
would predict no such cutoff frequency so long as the intensity of the incident photons is high 
enough. 
 
Intensity Independence 

Classical physics cannot predict the relationship between intensity of incident photons of 
light and a corresponding increase in kinetic energy of the electrons.  In the photoelectric effect, 
the kinetic energy of the photons “KE” is described in the following equation where (e) is the 
charge of the electron and “V0” is the potential difference at which the effect stops occurring, 
called the stopping potential.  

                                                max 0KE eV=  
Frequency dependency 

In the photoelectric effect the maximum kinetic energy of the photons “KEmax” is found 
to be dependent on the frequency of the incident light.  This too was unexplained by classical 
physics. 
 
Instantaneous electron emission 

Finally the observations of any photoelectric emission indicated that the emission of the 
electrons was essentially an instantaneous event.  That is, the electrons were emitted 
instantaneously when the incident photons struck the metal.  Classical physics however predicted 
that it would take some time for the electrons to accumulate enough energy to escape the metal. 
 
The working relationship 

The solution to these discrepancies lies in the combination of Planck’s equation for the 
energy of a photon, Hertz equation for the kinetic energy of the electron, and the discovery of 
another related term later named the work function of the metal used in the photoelectric effect. 
 
Work Function 

The work function “W0” is the value of energy that is required to free the most weakly 
bound electron from the surface of the metal and is therefore defined by the particular metal 
being used in the photoelectric effect.  We simply look up the work function for the material we 
are using or choose the material specifically for the work function we need. 
 

max 0 0
hcK hv W W
λ

= − = −  
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Resolution 
Finally, resolution of the four inconsistencies stated above can be described using this 

new relationship. 
1. Because the cutoff frequency is part of the “hf” term in the KE formula, when the 

“hf” term is less than the “Wo” term then KE will be negative and clearly there will 
be no electron emitted. 

2. Because the intensity of the photons is not represented in any of the terms in the 
equation above and the frequency of the photon is indeed independent of the intensity 
the KE of the electron is independent of the intensity of the incident photon. 

3. Because the cutoff frequency is part of the “hf” term in the KE formula, as the “hf” 
term increases the KE will have to increase because “Wo” is fixed. 

4. Because photons arrive in discrete packets of energy and there is a one-to-one 
interaction between those photons, the electrons that are ejected must be ejected 
instantaneously.  There is no need for the classical “wait” to collect energy before 
ejecting the electron. 

 
Conclusion 

As a final confirmation of the theory you can experimentally graph the KEmax of the 
electron versus the frequency of the incident photons.  The graph produced is linear and properly 
places the KE zero at the cutoff frequency exactly as predicted.  


