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Physics of Stellar Remnants

Neutron Stars

R Black Holes
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Quantum Pressure in Stellar Remnants

o often called: degeneracy pressure”

Regular gas: many
unfilled energy levels,
Farticles free to move
about and change
energy levels.

Degenerate gas: all
lower energy levels
filled with two particles
each (opposite spins).
Paricles locked in
place.

Mass < 1.4 solar masses
GRAVITY

v 4 solar masses
butmass < 3 solar masses pass > 3 solar masse
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White Dwarf Neutron Star Black

Elecirons run out of room to move  Electrons + protons combine
around. Electron vent further  to form neutrons. Neutronsrun  Mothing
collapse. Prot . heutrons still out of room to move around. collapse.
free to move around, rent further

tAuch smaller!
Stronger gravity == more compact,




How are Compact Objects born?

Brief Overview of Stellar Evolution
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Core helium exhaustion
45,000 B.C.
(Homo saplens)
Carbon ignition
10,000 B.C.
{Agriculture)
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15 Mo 1983: Oxygen Ignition
1987: Silicon Ignition (13 Feb)
1987: Supernova (23 Feb)
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Supernova (SN) Explosions

» extremely energetic and violent events

Remnant =hock
core wave

Explosion




Albert Einstein: Revolutionary of Physics

e 1879 im) — 1955 (Princeton)

| j * revolutionized concepts of
space, time, and gravity
- Special Relativity (1905):

- General Relativity (1915):

» co-founder of quantum theory




General Theory of Relativity (1915-16)

 Principle 1: “Matter tells space how to curve”

e matter creates dimples’ in otherwise flat spacetime!




General Theory of Relativity (1915-16)

 Principle 2: “Curved space tells matter how to move”

e particles move through spacetime along paths of
least resistance (technically: geodesics’)!




General Theory of Relativity (1915-16)

* Einstein’s Field equations:

e a tensor equation’ quite complicated
(10 coupled non-linear differential equations)




Solving Einstein’s Equations of GR

e 1916: Karl Schwarzschild predicts black holes

A snn: ULARITY
W

EYENT HORIZOHN




Gravitational Collapse of Massive Star

e surprising result:
for far-away observer,
star’s surface freezes’
at event horizon
(l.e., never crosses over)

* however: for observer
riding on top of
collapsing surface, this
only takes a finite time!




Quantum Mechanics of Black Holes

 Hawking radiation

Black Holes slowly evaporate!




The First Stars

e formed at the end of the Cosmic Dark Ages’

FIRST STARS




The First Supernova-Explosion

» E\~10~3ergs

e« Complete
Disruption
(PISN)




The First Stars
e forging the first heavy elements (beyond helium)

Metal-Free
(PopIII) Stars

Massive Stars
exploding as
core-collapse H/SNe

Big Bang Present-Day
Nucleosynth931i///////£7 Protogalaxy Galaxy

ENe Ia

Very Massive Stars SNe II P/L, Ib, Ic

—

exploding as
Pair-Instability SNe Hypernovae

l - non-exploding stars

Peter Erni




COURSE WEBSITE:

www.as.utexas.edu/astronomy/education/spring07/oromm/353.php

e announcments/updates

e lecture notes




