Endpoints of Stellar Evolution
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Fast-moving material from the
pulsar creates shock waves,
forming X-ray-emitting rings.

The Crab
pulsar

The pulsar’s magnetic field
funnels outgoing material into
1light-year two oppositely directed jets.




MAIN PULSE "OFF" PHASE

PULSAR IN THE CRAB NEBULA
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The solid curve shows the
- observed spectrum:The dips
are caused by absorption

of X-ray photons by the

-1 neutron star’s atmosphere.

The dashed curve shows
the expected X-ray
spectrum of neutron star
1E 1207.4-5209.
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Period (s)

The neutron star’s Pulsar glitch: The neutron
rotation is gradually star’s rotation suddenly speeds
slowing down, so up and the period decreases.

A the pulsar period

increases.
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0.089235 - After the glit'ch,the.
neutron star’s rotation
resumes its slowdown

0.089234 - -and the period again
increases.
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1. The Black Widow pulsar
emits intense X-radiation

and a strong wind of matter
and antimatter.

3. A wind of evaporated
material streams from
the companion star.

4. Interactions between
the two stars’ winds form
a shock wave that emits

2. The radiation and wind even more X rays.

from the pulsar cause the
companion star to evaporate.

An illustration of the pulsar and its companion
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Binary pulsar

In 1974, Russell Hulse and Joe Taylor discovered a pulsar in
a close binary system. From analysis of the arrival time of the
pulses, they determined that the orbit was eccentric (e = 0.62),
with a period of 7.8 hours.
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FIG. 12. The complete velocity curve for PSR 1913+ 16 from
the discovery paper, fitted with a Keplerian orbital solution.
The orbital phase is the fraction of a binary orbital period of
7"45™ (from R. A. Hulse and J. H. Taylor, 1975a).
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Accumulated shift of orbital phase (s)
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Orbit shrinks by ~3 mm
per orbit of the binary
system.

FIG. 10. Accumulated shift of the times of periastron in the
PSR 1913+ 16 system, relative to an assumed orbit with con-
stant period. The parabolic curve represents the general relativ-
istic prediction for energy losses from gravitational radiation.

ASTR 3730: Fall 2003






1. Gases from the supergiant are captured
into an accretion disk around the black hole.

Black hole

2. As gases spiral toward the black hole,
they are heated by friction: Just outside
the black hole, they are hot enough

to emit X rays.

A schematic diagram of Cygnus X-1




Gas Disk in Nucleus of
Active Galaxy M87

Hubble Space Telescope
Wide Field Planetary Camera 2
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Ben Bromley (Harvard CfA)
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