An Introduction to Quantum Physics:

When common sense broke!

Where did guantum mechanics come from? What is it?

Why is it weird and should we do anything about it?
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Square well solutions....

We interpret the second plot as showing us the probability of
the particle being at each point in space when we make an
observation....



For fermions there can
only be one quantain a
given state so they always
look bitty...
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We beautifully explain the periodic table
pattern by stacking fermions in orbitals...
except we need an extra 2 fold
degeneracy... intrinsic spin...

Beautifully predicts the Balmer spectrum
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Don’t ask (Copenhagen
Interpretation)

All things happenin a
multiverse (Many Worlds)

We’re missing something
(Hidden variables)




easurement that collapses

If a probabilistic qguantum
process controls a real life
event then a cat can become
50% alive and 50% dead....

In a quantum lottery every ticket wins in some part of the wave
function (is that better?)



S that no one has ever thought of
orobes this (and wow have people
experiment where QM doesn’t work.

| periment the wave function collapses and
| : s the probabilities perfectly... end of.



he polarizations... the photon is 50%
ing right... an observer “collapses the
wave functio e or the other...

BUT when it does so the spin of the other guy is fixed also.. that
collapse has happened potentially very far away... this leads to
faster than light “communication”...

Except that you can’t send information this way.... So again
nothing quite breaks...



... and breath...




Adding several waves of different wavelength
together will produce an interference
pattern which begins to localize the wave.
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But that process spreads the wave number k
values and makes it more uncertain. This

is an inherent and inescapable increase

in the uncertainty Ak when Ax is

d d.
ecrease A/\A\' - ]

Heisenberg’s Uncertainty Principle A X A P > h
Or equally A t A E > h



Dver Histories

certainty Principle into a
icle paths...

he classical path becomes
smeared by other paths that the
Uncertainty Principle allows

 These are very wild on short time
scales but much less so over day
to day time intervals...

You can have multiple destination points also... and then the
theory returns probabilities for the final position... doh.. Wave
function collapse is back...



larger systems become more

)W in some time gets spread
rticles in a system so each lies a

ch other... and may explain why the large
er classical...




... and relax...
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gS can happen on short distance scales

ire of particles...
Wave function

inside A = h/p Exponential decrease
}\ inside barrier

o~ Potential barrier
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Quantum tunnel _
Wave function

outside A = h/p



oy Potential barrier

’
, Wave function We ve
4 inside A = h/p Exponential decrease
inside barrier seen
solutions
Quantum tunnel =
Wave function N free
outside A = h/p
space

2gion assume V= constant which is greater
particle (classically it can’t pass)

In t

- than the E‘f t

It’s an
exponential
decay but not
u = Ae—V2m(2m)/hV/V—Ex Zero...



Wave function
inside A = hip Exponential decrease
inside barrier

Quantum tunnel

Wave function
outside A = h/p

This is how radioactive alpha-decay happens....

Protons wouldn’t fuse in the sun without tunnelling through the
Coulomb repulsion...

.... And its used by some electronics components now...



