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The Quantum State
Machine Builds the
Universe!

Looking Back

A Over the past seven lectures we
have discovered that

A Quantum mechanics
predicts probabilities.

A The Quantum State Machine
evolves quantum states.

A Detection events reveal
actual outcomes.

A The Quantum State Machine
built the hydrogen atom.

A Today we ask one final
guestion...
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From Quantum Possibilities to the Reality We Experience.
One State at a Time.



Can the Quantum State
Machine Build Everything Else?

Hydrogen was only the
beginning.

ACan the same mathematics
build:
Ahelium?
Acarbon?
Aoxygen?
Agold?
Auranium?




The TweElectron
Quantum State

AWe Began with Hydrogen in
the last lecture

AOne proton
AOne electron
AThe simplest atom.
AThe Quantum State Machine
predicted
AAnN electron shell with its

energy levels
Alts spectrum.




What If We Add
One Neutron?

Then we let the Quantum State
Machine predict Deuterium:
ADeuterium

AOne proton

AOne neutron

AOne electron

AChemically,

Ait behaves almost exactly
like hydrogen.




What If We Add
Another Neutron?

And moved on to let the Quantum
State Machine predict Tritium:
ATritium

AOne proton

ATwo neutrons

AOne electron

AStill hydrogen.

The number of protons
Ahas not changed.

Alt still acts chemically like
nydrogen




What Makes
a Chemical
Element?

The identity of a
chemical element is
determined by

Athe number of
protons.

A This number is
called the atomic
number.

A That is the number
shown on the
Periodic Table

H He
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Let's Add
One More
Proton

Now the nucleus
contains

ATwo protons

To remain electrically
neutral,

Athe atom must
also gain

Aa second
electron.

We have created
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Let's Add
One More
Proton

Now the nucleus
contains

ATwo protons

To remain electrically
neutral,

Athe atom must
also gain

Aa second
electron.

We have created
Ahelium.
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The Quantum State Machine
Has a New Problem

Where should the second electron go?
AThe Answer:

AThe electron exhibits free will
within the probability
constraints predicted by the
Quantum State Machine.

APhysics cannot tell us where
any individual electron will go

Alnstead, physics will give us
probability distributions.
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The Quantum State Machine is
Perfect for Calculating those l
Probability Distributions

We have seen this before.

Aln the single-slit experiment the
Quantum State Machine predicted

Aregions of high probability
Aregions of low probability

Aeven regions where detections
were very unlikely.

AMany photons revealed the
pattern.

AOne photon at a time.

The Quantum State Machine predicts
where detections are likely to occur.




Around a Nucleus the Same Thing
Happens

With a positively charged nucleus.
AThe Quantum State Machine  —

High
(probabliny)

now predicts —
Aregions where an electron is  “m— I
likely to be detected — .

0 w
(prebabililly) (probabilily)

Aregions where it is unlikelyto ~ —
be detected.

Instead of a pattern on a screen, a5 Chize i)
AThe pattern surrounds the e ———
nUCIeUS L Different physical situation J

A Same mathematics
ADifferent physical situation 12



The First Shell Is a
Probabillity Distribution

The first shell is not an orbit.

Alt is the first stable probability
distribution produced by the
Quantum State Machine.

If we repeatedly detected the
electron,

AThe detections would gradually
build this pattern.

AExactly like the single -slit
experiment.

AThousands of tiny detection
dots building the cloud.
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The Pattern Changes, But the Idea Does Not

In the single -slit experiment

Athe Quantum State Machine
S - predicted alternating regions

ioh A of high probability

{probabliny)

I Aand low probability

High
(prebabililiy)

A across a flat screen.

= A Around a nucleus

(pruhgbilily)
Athe Quantum State Machine
predicts alternating regions

(prebablilly)

[ Sing;;;?li:}f:i’:ﬂ::‘ent ] [ Probalgii:/urzngicﬁzgzur(nft; i)lcleus ] (Sh e I IS)
[ o R—— J A of high probability
Different physical situation A and |OW prObablhty

A surrounding the nucleus.

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



Key
Concept:

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

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

A Both are examples of
particle free -will within
constraint.

i e

mmmaiiash

[

Single-Sut Screen
Bright Fringes

)

High

3 .\ farebalviby)

- Low
" // (probablioy)

15



Different Probability

Distributions Have
Different Energies

Energy Levels in Atoms
(Up Through the d Subshell)

Why?

A Because each stable probability
distribution is a different
solution of the Quantum State
Machine.

A Some probability
distributions require more
Kinetic energy to maintain
their shape. | © s subshell

 psubshell

A Others have lower potential | _—" - @ d subshell
energy because they are @ d subshell

closer to the nucleus. |

A The Quantum State Machine
balances these effects
automatically.

A The result is a ladder of
stable energy levels.



Organizing the Probability Distributions

The Quantum State Machine does not produce
just one stable probability distribution.

Alt produces a whole family of them.

These probabillity distributions are organized by
Aenergy
Asize
Ashape

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

A1l
A2
A3
A ..
The shell number tells us

A Approximately how far the probability
distribution extends
from the nucleus and

A Its energy level.

As the shell number increases,
A average distance increases
A energy increases.




Every Shell Begins
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Each shell begins with

A one spherical probability
distribution.
Af qWRY WHRc OGO Wad 1JLW
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be more useful to think of it as
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Each orbital can hold 1s shell
A two electrons.

Therefore
A Shell 1 Helium with atomic number 2
Als has only 2 electrons that fill the 1s shell.

A 2 electrons

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



Shell 2 Introduces
New Shapes

The second shell begins the same way. It
has

A one spherical orbital

A2s

But now the Quantum State Machine also
predicts

A three additional probability
distributions with equally energetic
orbitals.

These are called

A 2px

A 2py

A 2pz
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A Each has a dumbbell-shape
probability distribution.

A The p orbitals point in the x, y and z
direction.
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