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What constitutes a paradox?

par·a·dox
noun
A statement or proposition that, despite sound (or apparently sound) reasoning from
acceptable premises, leads to a conclusion that seems senseless, logically
unacceptable, or self-contradictory.
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Why is the sky dark at night?

Historic paradox named after Heinrich Wilhelm Olbers (1758-1840):

If the universe is static, homogeneous at a large scale, and populated by an infinite
number of stars, any sight line from Earth must end at the (very bright) surface of a
star, so the night sky should be completely bright.
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Easy resolution?

Does the fall off of a star’s apparent brightness with distance resolve the paradox?

Number of stars N within a shell of width dr
is:

N = n ·
(

4πr2dr
)

Apparent brightness F varies like:

F =
L

4πr2

Adding up all contributions to the total
brightness:

dJ = N · F =
n4πr2L

4πr2
dr = nLdr

J =

∫ ∞

0
nLdr =∞
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How about a universe of finite age?

Surely now, there are plenty of sight lines going back all the way to a time before there
were stars and the paradox is solved. Or is it?

Not quite. Looking out further, the universe at the time of recombination was just as
bright as any sun. So why is the night sky dark after all?
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Redshift!

The night sky isn’t dark at all. The expansion of the universe has simply redshifted
the bright light of the recombination era from the visible spectrum to microwave
wavelenghts.
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Conclusion

Assuming a static homogeneous universe the paradox holds and the night sky
cannot be dark

Steady state theory can also resolve the paradox (however not the heat death
paradox)
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Aharonov-Bohm effect

electrons

B

screeninterference

pathone pathtwo

An electrically charged particle is affected by an electromagnetic field (E, B), despite
being confined to a region in which both the magnetic field B and electric field E are
zero.
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Affected how?

A particle with electric charge q travelling along some path P in a region with zero
magnetic field B, but non-zero A (by B = 0 = ∇× A), acquires a phase shift φ:

φ =
q
~

∫
P

A · dx

Two particles following paths one and two respectively will acquire a phase difference:

∆φ =
qΦB

~

⇒ Interference pattern
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The twin paradox

There exist identical twins, one of whom makes a journey into space in a high-speed
rocket and returns home. Both twins see the other twin as moving and expect them to
have aged more slowly due to time dilation.
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Spacetime diagrams

To decide on which twin is
in fact older consider the
spacetime diagrams of
both frames, with proper
time:

dτ2 = −dt2 + dx2

In both frames, the
traveling twins’ proper
time is shorter!
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But what happens at the turn-around?

There is acceleration involved, do we need general relativity to really understand the
twin paradox?
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What if we could avoid synchronization and
acceleration?

Consider a world with a compact space dimension.

There is no turn-around, no change of inertial
frame. Both twins move symmetrically.
Could it be the twin paradox holds for a closed
universe?
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