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Lecture 8: Summary and Conclusions
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The Quantum State 
Machine Builds the 
Universe!

Looking Back
ÅOver the past seven lectures we 

have discovered that
ÅQuantum mechanics 

predicts probabilities.
ÅThe Quantum State Machine 

evolves quantum states.
ÅDetection events reveal 

actual outcomes.
ÅThe Quantum State Machine 

built the hydrogen atom.
ÅToday we ask one final 

question...
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Can the Quantum State 
Machine Build Everything Else?

Hydrogen was only the 
beginning.
ÅCan the same mathematics 

build:
Åhelium?
Åcarbon?
Åoxygen?
Ågold?
Åuranium?
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The Two-Electron 
Quantum State

ÅWe Began with Hydrogen in 
the last lecture
ÅOne proton
ÅOne electron
ÅThe simplest atom.

ÅThe Quantum State Machine 
predicted
ÅAn electron shell with its 

energy levels
ÅIts spectrum.
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What If We Add 
One Neutron?

Then we let the Quantum State 
Machine predict Deuterium:
ÅDeuterium
ÅOne proton
ÅOne neutron
ÅOne electron

ÅChemically,
Åit behaves almost exactly 

like hydrogen.
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What If We Add 
Another Neutron?

And moved on to let the Quantum 
State Machine predict Tritium:
ÅTritium
ÅOne proton
ÅTwo neutrons
ÅOne electron
ÅStill hydrogen.

The number of protons
Åhas not changed .
ÅIt still acts chemically like 

hydrogen 6



What Makes 
a Chemical 
Element?

The identity of a 
chemical element is 
determined by
Åthe number of 

protons.
ÅThis number is 

called the atomic 
number.
ÅThat is the number 

shown on the 
Periodic Table
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Let's Add 
One More 
Proton

Now the nucleus 
contains
ÅTwo protons

To remain electrically 
neutral,
Åthe atom must 

also gain
Åa second 

electron.
We have created
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Let's Add 
One More 
Proton

Now the nucleus 
contains
ÅTwo protons

To remain electrically 
neutral,
Åthe atom must 

also gain
Åa second 

electron.
We have created
Åhelium. 9



The Quantum State Machine 
Has a New Problem

Where should the second electron go?
ÅThe Answer:
ÅThe electron exhibits free will 

within the probability 
constraints predicted by the 
Quantum State Machine.
ÅPhysics cannot tell us where 

any individual electron will go
ÅInstead, physics will give us 

probability distributions.
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The Quantum State Machine is 
Perfect for Calculating those 
Probability Distributions

We have seen this before.
ÅIn the single-slit experiment the 

Quantum State Machine predicted
Åregions of high probability 
Åregions of low probability 
Åeven regions where detections 

were very unlikely. 
ÅMany photons revealed the 

pattern.
ÅOne photon at a time.

The Quantum State Machine predicts 
where detections are likely to occur.
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Around a Nucleus the Same Thing 
Happens

With a positively charged nucleus.
ÅThe Quantum State Machine 

now predicts
Åregions where an electron is 

likely to be detected 
Åregions where it is unlikely to 

be detected. 
Instead of a pattern on a screen,
ÅThe pattern surrounds the 

nucleus.
ÅSame mathematics
ÅDifferent physical situation 12



The First Shell Is a 
Probability Distribution

The first shell is not an orbit.
ÅIt is the first stable probability 

distribution produced by the 
Quantum State Machine.

If we repeatedly detected the 
electron,
ÅThe detections would gradually 

build this pattern.
ÅExactly like the single -slit 

experiment.
ÅThousands of tiny detection 

dots building the cloud.
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The Pattern Changes, But the Idea Does Not
In the single-slit experiment

Åthe Quantum State Machine 
predicted alternating regions 
Åof high probability 
Åand low probability 
Åacross a flat screen. 

ÅAround a nucleus

Åthe Quantum State Machine 
predicts alternating regions 
(shells)
Åof high probability 
Åand low probability 
Åsurrounding the nucleus. 

ÅThe mathematics is doing 
exactly what we have learned 
to expect. 14



Key 
Concept:

ÅThe bright fringes on the 
single-slit screen and the 
electron shells around an 
atom are the same kind of 
thing. 

ÅBoth are stable probability 
distributions produced by 
the Quantum State Machine 
under different physical 
conditions.

ÅBoth are examples of 
particle free -will within 
constraint.
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Different Probability 
Distributions Have 
Different Energies

Why?
ÅBecause each stable probability 

distribution is a different 
solution of the Quantum State 
Machine.
ÅSome probability 

distributions require more 
kinetic energy to maintain 
their shape.
ÅOthers have lower potential 

energy because they are 
closer to the nucleus.

ÅThe Quantum State Machine 
balances these effects 
automatically.
ÅThe result is a ladder of 

stable energy levels.



Organizing the Probability Distributions

The Quantum State Machine does not produce
just one stable probability distribution.
ÅIt produces a whole family of them.

These probability distributions are organized by
Åenergy 
Åsize 
Åshape 

These become the electron shells and orbitals.
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The Shell Numbers
Physicists give names to these shells and orbitals:
The shells are numbered
Å1
Å2
Å3
Å...

The shell number tells us
ÅApproximately how far the probability 

distribution extends
from the nucleus  and
ÅIts energy level.

As the shell number increases,
Åaverage distance increases 
Åenergy increases. 18
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Each shell begins with
Åone spherical probability 

distribution.
ÅfƣШŔƚШĦċũũĲĬШƣőĲШљƚњШŸƖĤŔƣċũЮ
ÅљƚњШƚƣċŰĬƚШŉŸƖШљƚőċƖƓњЯШĤƨƣШŔƣШůŔŊőƣШ

be more useful to think of it as 
љƚƓőĲƖŔĦċũњЮ

Each orbital can hold
Åtwo electrons.

Therefore
ÅShell 1
Å1s
Å2 electrons

Helium with atomic number 2 has only 2 
electrons that fill the 1s shell.

Every Shell Begins 
ìŔƣőШċŰШљƚњШ§ƖĤŔƣċũ



The second shell begins the same way.  It 
has
Åone spherical orbital
Å2s

But now the Quantum State Machine also 
predicts
Åthree additional probability 

distributions with equally energetic 
orbitals.

These are called
Å2px
Å2py
Å2pz

EċĦőШƓŸŔŰƣƚШŔŰШċШĬŔŉŉĲƖĲŰƣШĬŔƖĲĦƣŔŸŰШыљƓњШ
ƚƣċŰĬƚШŉŸƖШљƓƖŔŰĦŔƓũĲњШĤƨƣШŔƣШůŔŊőƣШĤĲШůŸƖĲШ
ƨƚĲŉƨũШƣŸШƣőŔŰťШŸŉШŔƣШċƚШљƓŸŔŰƣŔŰŊњЮ
ÅEach has a dumbbell -shaped 

probability distribution.
ÅThe p orbitals point in the x, y and z 

direction.
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Shell 2 Introduces 
New Shapes


