Is the Universe Infinite?
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Monday, October 26

Next Planetarium Shows: Tue, Wed, at 6:30 pm

Newton’s view of space:
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rectilinear & rigid
(not expanding or
contracting)

Think of a bug
crawling over stiff
graph paper.

Einstein’s view of space:

curved & wavy
(can also expand
or contract)

Think of a bug

crawling over a

rumpled rubber
sheet.




Einstein’s view of space is
mathematically complicated.

However, it’s better than
Newton’s when gravity is
strong (near massive objects).

Einstein’s triumphs:
Gravitational lensing by the Sun.
Orbit of Mercury (closest planet to Sun).

Space is curved by the presence of
mass and energy.
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General rule: high density (of either mass
leads to highly curved space.
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Black holes cause extreme curvature.




What's a black hole?

Newton:

a black hole is an
object whose escape
velocity is greater than
the speed of light.

Earth: escape velocity = 11 kilometers/second
Sun: escape velocity = 600 km/sec
black hole: escape velocity > 300,000 km/sec

What's a black hole?

Einstein:
a black hole is an
object smaller than its
event horizon.

EMVMENT HORIZON

What's an “event horizon”?

A surface such that photons (& other
particles) inside the event horizon can’t
ever move outside.

“What happens inside the event horizon
stays inside the event horizon.”




Black hole as lobster trap: once an object
enters the event horizon, it can’t exit.

Size of event horizon is proportional to
mass of black hole: for Sun’s mass, it’s
3 kilometers (about 2 miles).

If black holes are compact and (by
definition) black, how do we see them
against the blackness of the sky?

We can detect their gravitational influence
on luminous matter — like stars.

Stars near the Galactic Center (8000 parsecs
away) orbit a massive, compact, dark object.

Mass = 2 million times the Sun’s mass







