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An equation associated with the electron (or, a property 
of the electron) that may be used to calculate the 
probability of finding the electron at a particular 
location.

Wave function:

To understand the concept of a wave function, it is useful to 
think of an analogous function that describes the behavior 
of particles undergoing simple harmonic motion

Total Energy:
Square of the amplitude of displacement 
function is . . . 
proportional to total energy of particle

Simple Harmonic Motion

Displacement Function:

proportional to probability of finding the electron at 
a particular location.

Example of an Electron Wave
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1.  A particle has a wave function shown by the graph at 
right.  Where is the particle most likely to be found?

2.  The wave functions of three different particles are shown 
below.  Indicate on each graph where each particle is most likely 
to be found.
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Where P (r) =  probability of finding particle at distance r

            |ψ|2 = square of amplitude of wave function

            ΔV = small volume

Probability Density Function

P(r) =|ψ|2 ΔV

In a simplified (one-dimensional) versions of the quantum 
mechanical hydrogen, the position of the electron is undefined 
but it would be detected somewhere between the nucleus and 
“outside edge” of the atom.  These are shown as the boundaries 
of a standing wave – the electron’s wave function for each energy 
level. 
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A plot of the probability density function (including square of the 
wavefunction) can show where the electron is most likely to be found.
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Wave functions for more complex versions of a quantum 
mechanical atom and the associated plots of the probability density 
functions are shown

How can wave functions help to explain electron diffraction?
While it is not possible to specify in advance where 
a particular electron will hit the screen after passing 
through one or the other slit, one can predict the 
probability of it hitting at a certain location.  Bright 
fringes correspond to places where electrons have a 
high probability of landing, and thus over time many 
electrons do hit there as shown below, and dark 
fringes correspond to places where electrons have a 
low probability of landing.  The wave function 
associated with each electron can thus be seen as a 
probability wave.
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position/momentum or energy/time
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A beam of electrons is fired into an open box.  If they are shot 
primarily horizontally then there will be very little uncertainty 
about their momentum Δp.  But since the opening of the box is 
so large the electrons could be entering at any point, so the 
uncertainty in their position Δx is also very large.

Electron Diffraction

To reduce the uncertainty in position, the opening of the box is 
made smaller.  As a result, however, some electrons are now 
deflected up or down vertically by the edges of the opening.  
(Alternatively, if the electrons are thought of as waves, one can 
say that they are now diffracted.)  This increases the uncertainty 
in their momentum.
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Electrons passing through a single slit can be diffracted up 
or down within the central maximum as far 
as the location of the first minimum (dark fringe) – 
neglecting the other bright fringes.  This means that 
although the electron originally had no momentum in the 
vertical direction before entering the slit, now it may
 have a vertical momentum component as large as Δpy.  
Thus, the uncertainty in its momentum is only in the vertical
 direction and is equal to Δpy..  Its horizontal momentum 
component remains constant at px and so Δpx = 0.

NOTE: uncertainty in the momentum is perpendicular to its original 
momentum

uncertainty in the momentum is perpendicular to its 
original momentum
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2.  The diagrams below show the variations with distance x of 
the wave functions ψ of four different electrons.  For which 
electron is the uncertainty in momentum the largest?

range of wavelengths, predict 
thickness of spectrum lines
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c) What is the uncertainty in the electron's position?

d)  What is the minimum uncertainty in the electron's 
momentum?
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Estimate:
a)  the energy of the ground state of an atom

When an electron is known to be confined within an atom the 
uncertainty in its position must be less than the size of the atom L.

b) Estimate the impossibility of an electron existing within a 
nucleus


