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Wave function:

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.

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

Simple Harmonic Motion Total Energy:

— Square of the amplitude of displacement
' function is . . .
proportional to total energy of particle
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Quantum
Mechanical Example of an Electron Wave
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Square of amplitude:

proportional to probability of finding the electron :
a particular location.
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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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Probability Density Function
Where P (r) = probability of finding particle at distance r

|\|/|2 = square of amplitude of wave function

AV = small volume

P(r) =y’ AV

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.

energy/eV
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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.

“electron
Hlous : 0 f Most probable
probability distnron for
for the first the electron
electron
energy level

What is the significance of location r = a?
wz

plot of the square of
the wave function
(probability) versus ’
radial distance from
the nucleus for the
electron in its lowest
energy state




March 9, 2020

Wave functions for more complex versions of a quantum
mechanical atom and the associated plots of the probability density
functions are shown
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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 o l
through one or the other slit, one can predict the e e ll
probability of it hitting at a certain location. Bright B ll
fringes correspond to places where electrons have a \I

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.

Beam of




March 9, 2020

Heisenberg’s Uncertainty Principle
Werner Heisenberg (German physicist, 1901-1976) won a Nobel prize in 1932 for the

development of his uncertainty principle which identifies a fundamental limit to the possible
precision of any physical measurement.

Uncertainty Principle
1) Both the position and momentum of a particle cannot be precisely known at the same time.

2) Both the energy state of a particle and the amount of time it is in that energy state cannot be
precisely known at the same time.

conjugate quantities: position/momentum or energy/time

Implications

a) The more you know about one of the conjugate quantities, the less you know about the other.

b) If one of the conjugate quantities is known precisely, all knowledge of the other is lost.

Mathematical Representations of the Uncertainty Principle

Position-Momentum
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Electron Diffraction

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 Ap. But since the opening of the box is
so large the electrons could be entering at any point, so the
uncertainty in their position Ax is also very large.
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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. © A

\>

| smaller Ax

IA' °o— {\9‘_’ | | larger ap

larger dot




March 9, 2020

First dark fringe
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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 Ap,,.
Thus, the uncertainty in its momentum is only in the vertical
direction and is equal to Ap,. Its horizontal momentum
component remains constant at p, and so Ap, = 0.

NOTE: uncertainty in the momentum is perpendicular to its original

momentum

h < A‘Y",’ o\/

1. Ifthe width of the slit is 1.5 x 10" m, find the minimum uncertainty in the:

AN

a) horizontal component of the momentum

b) vertical component of the momentum
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NOTE:

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 y of four different electrons. For which
electron is the uncertainty in momentum the largest?
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2. An electron stays in the first excited state of hydrogen fora time of approximately 1.0x 10 s.

A%

a) Determine the uncertainty in the energy of the electron in the first excited state.

aBot>h
Y7 15 Total energy, £
LU SR ATAN
Yot Y /0": -0.54 eVf————n=5
b) Discuss what implications this ~0A5 e n=4
uncertainty will have for photons 151 eV n=3
emitted as an electrons transition
from the first excited state to the
ground state. -3.40 VY n=2
E=bh,
A
range of wavelengths, predict nd
thickness of spectrum lines -13.6eV n=1
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1. The wavefunction y for an electron confined to a “box” of linear size 1.0 x 10™° mis shown in the

graph asa standing wave.
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a) Where is the electron most likely to be found?

b) What is the electron’s de Broglie wavelength?
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c) What is the uncertainty in the electron's position?

d) What is the minimum uncertainty in the electron's
>\
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momentum?

n
[N

N

W x0T 25
UroX Y 109 ‘S'SX\DV?%




March 9, 2020

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