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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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s quite easily and gather
2m together and make them
— electricity (upto 1880s).

| In 1909 Millikan had worked out the
chamber. smallest charge you could add to an
oil drop — one electron.. He knew it’s
charge and mass.

oooooooooooooooooooooooooooo

...........................
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ell understood (Maxwell’s

-

ind ith an electric field

Originally a note keeping device —
- “what force would another charge
here feel”...

They became real since energy is
transferred through them

Light is an electromagnetic wave
that can exist independently of
charges...



remains is more and
nore precise
measurement.
Lord Kelvin (never

1o be discovered in
physics now. All that #

way...

In fact you get discrete

spectra out (and a maximum
energy)... Balmer Spectrum of H 1880s



... and breath...

Q7 for 10 minutes...




Light and Matter

The Photo-Electric Effect

Light can provide energy to kick electrons out of a metal

Light e

1905

Metal

If light intensity is lowered so there is less energy, we expect the
evicted electrons to have less energy... but they don't... we just see
fewer electrons of the same energy...

The energy in light comes in lumps!



The Photo-Electric Effect

*The size of the energy lumps depends on
the frequency of the light

Light e

¥ W
h=6.6x10""Js ,

Metal

oIf we reduce the frequency too much then the
electrons don’t receive enough energy to escape the

metal surface.



Light Quanta

The energy in light comes in lumps

We can think of light as
particles in our detector —
photons

The wave describes the photons
probability distribution!



Black Body Radiation

What is a black body?

Something that absorbs and emits all light at all wave lengths

At low temperatures it looks black...




An Infinite Number of Modes

Any number of oscillations
provided vanishes at the
edge...

In classical physics at a
temperature T each “degree
of freedom” has equal
energy kT...

Planck proposed E=nhfsoif kT<hf thestate
doesn’t contribute...



guessed if light was particulate that electrons

L A=h/p

ie (19
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Propaguation
velociry

Description of
the transverse
maorion.
E; 2rnf=w
A‘ “

. 21
y(x,r) = Asin 7(3‘ — V1)

2n

A

o dy
v (x,0)= I = WACOS

2
5
.S

a,x,t)= -

(x = v}

Y s . . 2T
=)y = - A smT{x - Vi)




ike (light)

s can have any number of
0 you can build up the wave...

For fermions there can
only be one quantain a
given state so they always
look bitty...



... and breath...

Q8, Q9 for 20
minutes....




edinger Equation

: m‘pwn‘ﬁequation which
ives...
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ngm...

We used the photon energy
relation...

But magically this is right!



We solve
with V=0

We require the wave to vanish at the
edges x=0,L




mm) o127 Ent/h

Substitute it in to
check




L

Position

So these are our solutions plotted at t=0....

The big problem is that they are complex... the magnitude
though is real..

y*y = (a-ib) (a+ib) = a2 + b?



L

Position

We interpret the second plot as showing us the probability of

the particle being at each point in space when we make an
observation....

The theory predicts probabilities... and we’ll return to this oddity
next time...



Corrals

These days we can
ake quantum
wells... and

h photograph the
wave function using
electron microscopy!

People engineer
guantum wells (dots)
to control the
frequency/colour of
light they emit....



. and breath...
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