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position AND its momentum exactly.

The more precisely we determine one, the less we know about the
other.

This is called the Heisenberg Uncertainty Principle.

AxAp = h/2




This means that the uncertainty in the energy of a particle multiplied
by the uncertainty of time is greater than or equal fo a constant.

So for a very short time, the uncertainty in the energy can be large.

This leads into the idea of ...................



Virtual particles

In many decays and annihilations, a particle decays into a very high
energy force carrier particle which almost immediately decays into a
low energy particle.

A particle decays into
a smaller particle and
a virtual force—carrier

particle. This virtual

The conservation of energy seems to be * particle decays into
: : yet another particle

violated by the apparent existence of

these very energetic particles.

and a photon.
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Virtual particles

However, according to the above principle, if the time for a process
is exceedingly short, then the uncertainty in energy can be very
large.

A particle decays into
a smaller particle and
a virtual forcecarrier

particle. This virtual

These high energy force carrier particles particle decays into
.3 : yet another particle
may exist if they are short lived. Ina and a phaton.

sense, they escape reality’'s notice. %
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The more energy we ‘borrow’ the shorter the time we can
have it.



The virtual particles exist for such a short time that they can never
be observed.

Most processes among fundamental particles are mediated by virtual
carrier particles.



The intermediate stages of this process occur in less than a billionth
of a billionth of a billionth of a second, and are not observable.



each line can also be thought of as
representing a particle.

However, in the intermediate stages of a process the lines represent
the virtual particles that can never be observed.

These particles do not obey the required Einstein relationship between
their energy, momentum and mass.

E2 = p2c2 + m2c*



For example, the electromagnetic
inferaction between two charged
particles (say two electrons) is
understood to be due to the
exchange of virtual photons.

This idea of force carrying virtual
particles can be extended to the
other fundamental forces.



Virtual photons are the most numerous as they are the easiest to
'make’, since they have no rest mass.

In the 1940s the Dutch physicist
Hendrik Casimir suggested a way in
which these quantum fluctuations
could be detected.




empty space.

Suppose we place two highly reflective metal plates close to each
other.

Inside the space between the plates, photons will be reflected from
the walls and only virtual waves with certain wavelengths will 'fit' in
the gap; all other modes will be excluded.




erween them.

%
%W

s
VAN

2 NSNAAE

In the vacuum, an infinite number of Only photons that 'fit' between the plates with an
virtual photons can exist in all directions integral number of wavelengths are allowed.
and with all frequencies. There are fewer virtual photons between the

plates than outside.



'vacuum fluctuation pressure’ exerted on them externally.

This force pushes the plates together!




surrounded by a sea of virtual particles.

A recent experiment used a polystyrene
sphere 200 um in diameter coated in
gold. This was brought to within 0.1 um
of a gold coated flat disc.

The resulting attraction between them
was monitored by the deviation of a laser
beam.

The Casimir force was measured to
better than 1% of the expected value.

photodiodes .
laser
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Most processes amongst fundamental particles are mediated by
virtual carrier particles.

This includes the forces between particles.

Experiments to measure the Casimir Effect show that virtual
particles do exist.

The space inside a vacuum is not empty, we are surrounded by a sea
of virtual particles!
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