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A complicated concept in physics—quantum tunneling—can be tackled by employing an historical, philosophical, 
 descriptive approach to effectively mask challenges otherwise posed by complex mathematical analyses.  Drawing on 
Plank, Bohr, de Broglie, Schrödinger, and Born, I develop four tools for analyzing and presenting my solution to the 

quantum tunneling phenomenon: Plank’s constant, the matter wave, Schrödinger’s equation, and the probability wave. 
 
 Physics is a difficult science.  For some people, 
the word physics summons up ideas of complex 
mathematics, seemingly elaborate concepts, or 
images of Robinson Crusoe scientists.  While a true 
grasp of the underlying nature of physics does rely on 
mathematical foundation, we can approximate this 
understanding by means of a conceptual, descriptive 
analysis.  The ancient Greeks demonstrated this with 
their various schools of philosophical thought 
devoted to such issues as matter divisibility: can 
matter be divided into smaller pieces endlessly?  We 
will pursue a conceptual approach to a complex 
problem, in which quantum mechanics will be 
presented with little or no mathematics.  Such an 
approach will demonstrate that although physics may 
be difficult, it can be grasped with some effort.  First, 
a question will be posed with respect to quantum 
tunneling.  Then the conceptual tools to the problem 
will be given.  Finally, these elements will be unified 
to present a readily accessible solution to the puzzle 
posed in the question. 
 Consider the following scenario: a particle is 
approaching a science fiction force field.  We will 
call the particle a charged particle, perhaps an 
electron, and the field will be constructed of energy. 
If any object with less energy than the force field 
touches the field, this object will be reflected away.   
 

 

Potential Barrier with Particle 

 We might expect that throwing a baseball directly 
at the barrier will merely cause the ball to be 
reflected backwards in our general direction.   
 

 
            Classical Particle Reflection 

 
 However, there is a case within the realm of 
quantum mechanics whereby our particle can 
approach the barrier, only to appear on the other side!  
How can a particle approach a barrier that repels 
objects and yet come to appear on the other side?  We 
will need to develop some tools. 
 The first tool will be taken from a household 
kitchen.  Let’s imagine an object we might think of as 
a black body.  This object allows incoming radiation 
such as light waves to enter, but the object keeps 
most radiation from being emitted: the oven.  
Radiation can enter through a small glass opening 
into the oven and be reflected around the walls of the 
oven until it is either absorbed by the walls or finds 
an exit through the glass opening again.  As the walls 
of the oven absorb the radiation, they then radiate 
both heat (a form of electromagnetic radiation) and 
other waves of their own.  As long as the radiation is 
contained within the oven, the oven appears black, 
thus giving us the term black body.  When a black 
body releases radiation outward, the energy of the 
radiated waves depends upon the temperature of the 
black body.  Starting from a certain temperature, we 
might expect increasingly larger intensities if we 
increase the frequency of our radiation. Thankfully, 
this is not the case, as we can see if we imagine the 
intensities of objects such as fire.  While a fire’s 



temperature may increase (and thus the intensity), the 
intensity of the radiation peaks for these various 
temperatures: a fire of a certain temperature will have 
peak intensity at a given frequency, but only by 
increasing the temperature will we be able to see 
higher frequencies with a higher peak intensity.  This 
maximum intensity is noted by Plank’s constant, 
denoted by the letter “h.”  Plank’s tool is the idea that 
emitted radiation can only have frequencies of 
discrete (specific) values.  We might think of the 
energy associated with these frequencies as rungs on 
a ladder.  If we stood on the top rung of a ladder, and 
then hopped to a lower rung, we would “radiate” a 
wave.  In this case, we radiate a sound wave of a 
certain frequency.  If we stood on the top rung and 
jumped down to an even lower rung, we would emit a 
higher frequency wave with more energy; however, 
we find we can only radiate when we jump specific 
levels downward. 
  The second tool is taken from Bohr and de 
Broglie.  Bohr tells us that there is only so far we can 
go before we reach the bottom rung of our ladder.  
More specifically, Bohr tells us that there is some 
minimum energy that our particle, the electron, may 
have while it is moving around an atom.  However, 
when we combine this idea with Louis de Broglie, we 
have the foundation of our second tool.  Louis de 
Broglie showed that our electron also behaves like a 
wave.  This means that matter behaves in a fashion 
called a matter wave.  This is a very important tool 
and idea.  If matter behaves like a wave, especially 
on an atomic level, then that means particles have 
wavelike characteristics, such as being able to pass 
through our window opening in the oven.  We will 
call this tool a matter wave. 
 

 
   Bohr’s Atom with de Broglie Electron-wavelengths 
 The third and fourth tools are an extension of the 
matter wave.  Schrödinger gave us the third tool, 

which is an equation to describe a matter wave, but 
Max Born’s physical interpretation of the 
Schrödinger equation is the fourth tool.  Born has 
shown that the wave equation can be used to 
determine the probability wave of finding the particle 
described by the wave. Thus, we will view the 
waveform in terms of probability.  Examining the 
Bohr atom and de Broglie electron-wavelengths, we 
determine that the wavelengths determine the average 
probability, but not specific locations, of finding the 
electrons.  Consider the concept in Schrödinger’s Cat.  
There are many states, many waves that describe the 
condition of the cat when we are not observing the 
feline directly.  There is a superposition of states, and 
in this case, can be simplified to various probability 
waves of one wave describing the “cat as alive” and 
another wave describing the “cat as not alive.”  The 
superposition of these waves and when we open the 
box will determine the state of the cat.  Likewise, we 
do not know the exact locations of the electrons in 
our Bohr-de Broglie atom, but if we look and 
pinpoint the exact location directly, we then do not 
know precisely where the electron was before we 
looked (whether it has always been in the same spot 
or elsewhere), as we did not know the condition of 
the cat before we looked.   
 Using these tools we can now unify them and 
provide a solution to our particle barrier problem: 
 

 
                  Matter Wave consideration 
  
 The particle is a matter wave with some 
probability of existing on either side of the barrier.  
When the electron appears upon the other side, we 
call this quantum tunneling.  The tunneling becomes 
less likely to occur as we make our object larger (as 
in our baseball earlier.)  Furthermore, we can apply 
this concept further.  If matter can be seen as a matter 
wave, and these waves are waves of probability, then 
we can logically expect money to appear in our 



wallets.  By opening and closing our wallets and 
looking inside them intermittently, given enough 
time, there is the probability that money should 
appear within the wallet.  We should note, however, 
that the chance of some currency appearing within 
our wallet will take some amount of time beyond the 
lifetime of the universe.  There is a non-zero 
probability that the money might appear during the 
course of time, but the time needed for this large of 
an object is more time then we have time to offer. 
 We have shown many complicated concepts that 
have shaken the foundations of classical physics and 
placed a foundation for quantum mechanics.  
However, we have shown the quantum tunneling in 
aspects that did not require rigorous, if any, 
mathematics.  Throughout this treatise, we have 
demonstrated that although physics is a difficult 
science, a grasp of mathematics’ technicalities allow 
for a communication of both simple and complex 
concepts.  We have found a science that affects both 
the seen and the unseen, and that the realm of physics 
can be enjoyable to just sit in ponder or a place to 
rigorously advance our understanding of the universe. 
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