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black holes

Black holes

Sirius and
White Dwarf

Sirius B, a white
dwarf, at the five
o’'clock position

Both are hot
blackbodies and
strong emitters of X
rays

Nova Herculis
1934
Shortly after peak

brightness as a
magnitude -3 star.

Two months later,
magnitude +12.

Caleium

An X-ray picture
of Cassiopeia A
taken by Chandra

Radio image
produced by the
Very Large Array
(VLA)

Mass Exchange between Close Binary Stars

May result in Super nova type la

Structure of
an Old High-

Mass Star

TABLE 13-1 Evolutionary Stages of a 25-M,. Star

_Helium-fus

Central Cenral Duraien

Stage temperature (K} densiry (kg/m') of stage
Hydrogen fusion 4% 10 % 10 7 R0 yr
Helim fusion 1x 10 7x 107 § X107 yr
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Structure of neutron stars
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The neutron star’s Pulsar glitch: The neutron
rotation is gradually | star’s rotation suddenly speed

g down, 5o up and the period decreases.
e pulsar period
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LO89236
E 0089235 — After the glitch, the
E neutron star's rotation
E resumes its shbowdown|
T 0089234 and the period again

Light photans from lamp
as seen from ground have
velocity = 1¢

Velocity = 0.5¢

View from the ground

As seen from the ground

igght photons from lamp
& seen from car have \
clociry = 1¢ :

The Speed of Light Is Constant

The faster an object
moves, the shorter it
becomes in its direction of
motion as observed by
someone not moving with
the object.
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View from the car

As seen from the car I
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Schwarzschild
(Non-rotating),
Kerr (Rotating)
Black Hole
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“In the absence of “In the presence of " This pulls the two
any matter in the matter, spacetime masses toward
spacetime, straight curves. each other.

lines are straight.

Evaporation of a Black Hole

Pairs of virtual particles
made real by the black hole’s
gravitational tidal force
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Event horizon

Because the gravitational energy used to create the particles
came from the black hole, the hole loses mass and shrinks,
eventually evaporating completely.




