Phyx 320
Modern Physics

March 12, 2021
Reading: 39.1 — 39.4
Homework #7 and Reading Reflection Next Thursday 11:59 pm




vdrogen Spectrum

Lyman series Balmer series
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Wave Functions

We used semi-classical theory to describe the hydrogen atom, but
we want to build a full theory of quantum mechanics

To do this we need to solidify the wave-particle duality into a
structure which we will call a wave function

This wave function will let us calculate the probability of finding a
particle in a given state, but we will find that that is all we can know

Quantum mechanics does not allow us to know exactly which state
each particle will be in, only their probabilities

We will use the double-slit experiment as a launching point since it
exhibits both wave and particle properties



Double-Slit Experiment

Let’s revisit the wave description of double-slit
experiment

Electric field waves from each slit follow:

A, = asin(kr; — wt)
A, = asin(kr, — wt)

Total electric wave is the sum of these. Working through
the geometry gives:

A=A +4,=2 mdx
= Aq 2 = 40a COS L

Laser Light
Wavelength = A
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Double-Slit Experiment

Electric field pattern:
mdx
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We don’t see the electric field but instead see the
intensity:
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But the photon model tells us that the power of light: 0w om
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Double-Slit Experiment

Energy of light
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Probability

Let’s say we throw N1 darts at a dart board
blindfolded

We then measure where they landed and want to
predict where the next dart will land

We can’t know exact where it will land but can
calculate the probability it lands in the different
regions




Probability

What'’s the probability of landing in either A or B?




Probability

Once we figure out the probabilities of each
region, how many can we expect to find at N
more throws?

Expected value is the best prediction for the
number of darts that will land in region




Double-Slit Experiment
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Double-Slit Experiment
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Double-Slit Experiment
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Probability Density
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Probability Density
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Quiz 6

1. Neon is the tenth element on the
periodic table (Z=10). If we had a neon
atom with only one electron, what
wavelength would be emitted when the
electron transitions from the m=3 state
to the n=2 state (using the Bohr model of
the atom)?

2. Derive the relativistic version of the de
Broglie wavelength. What is the
wavelength of an electron (m_e=9.11 x
107-31 kg) travelling at v=0.9¢?
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