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Laser light passing through double slit 

(Laboratoire AiméCotton, Orsay)
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Laser light passing through diffraction grating 

(Laboratoire AiméCotton, Orsay)
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Single electron double-slit experiment (Hitachi Global)
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Single electron events build up to form an interference pattern 

(Hitachi Global)
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At microscopic scales, everything has both particle-like 

and wave-like properties

is the quantum-mechanical wavefunction

It is a function of the position x and is complex-valued

gives the probability per unit length that the object is 

found between and x and x + dx
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What about time dependence?

For non-interacting object with mass m, the quantum 

wavefunction satisfies the time-dependent Schrödinger 

equation

We do a little bit of mathé
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Solve by separation of variables

Then

becomes

Divide both sides by
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Now we have

One side is a function of t and the other side is a function 

of x.

Only way they can be equal is if they equal a constant 

function independent of t and xé call it E
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For the time-dependent part

For the space-dependent part 
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We define the de Broglie wavelength
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If we decrease L then the momentum p gets larger

The more we constrain the location of object, the greater 

the spread in momentum 

Heisenberg uncertainty principle
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In three dimensions we have

If we use the relation

then
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One particle in a box

18



0

Temperature (K)

19



0

Temperature (K)

20



0

Temperature (K)

21



Six identical bosons in a box
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Bose-Einstein Condensation

A macroscopic number of bosons occupy the 

lowest energy state

They share the same quantum wavefunction

They can flow together without colliding with each 

other and losing energy (zero viscosity)
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Persistent flow
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Wall climbing

Superfluid
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(from Absolute Radiometer for Cosmology, 

Astrophysics, and Diffuse Emission, NASA)

Fountain effect (Helium-4)

superfluid &

normal fluid

normal fluid
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Superfluid vortex

x

f
y

wavefunction vanishes at origin

complex phase changes by 2�S
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