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Flelix Nebula
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Etched Hourglass

Basic Question

What is likely to account for the vast range
of shapes (many beautiful) of these ejecta?
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Successive
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fusion burning
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all with
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shallow H-R loops
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“alpha capture ”
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helium fusion Even numbers

favored !

carbon fusion
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mass per nuclear particle

P
FUSION FISSION

atomic mass (number of protons and neutrons)

Iron does NOT release energy when it fuses !

Red Giant
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Iron does NOT

Neither fusion nor fission
releases energy from iron
because it has the lowest when itfuses !
mass per nuclear particle.

uranium

FISSION

0 50

100 150 200 250

atomic mass (number of protons and neutrons)

Several fates
for massive star

1. Strong winds shrink
star, may end as
WHITE DWARF

2. Or core burns to Fe,
eventually sudden

FINAL FATE OF MhSSVE STaR
TWO PosSsiBILITIES . . . .

1. Loses enouch MAST IN
WIND / PLanemRY NEEULA
< 1.4 My, LEFT = WHITE DWARF
( W.D. Compose of HERUIEST ELEMENTS Plopucep)
2. ENTIRE CoRE BURNS TO IRON
NO MoRE NucLenk ENERGY ChN BE ReLensen!
AND > 1.4 M, LeFT
ColLhpse CANNT B Sroseep By
ELecTRoN  DEGENEZACY PRESTURE
= NEUTRON STAR
OR
Bthck Hoe




“Core collapse ”
(massive star)
SUPERNOVA

Neutron degeneracy
pressure stiffens
collapsing core =~

+ push of neutrinos

envelope ‘bounces’ !
->SHELL BLOWS OFF
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STELLAR CoLeapsE  (very RanD )
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CANNOT BURN , SoNo RESISTANCE

1. ELEMENTS DISMINTLED
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“Pulsar”
= rotating
neutron star

Fierce magnetic fields

+ sizzling electrons
+ fast rotation
-> finest “lighthouse ”

Magnetic fields:
10° to 10 G

PULSARS :
INGREPIENTS . ... NEUTRON STAR WITH

1. RAPID SPIN Difecr RESUT
2. FIERCE MIGNETIC FIELD
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explosion creates
elements heavier
than iron:

magic of

1.3 sec period
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More massive,
smaller in size!
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Synchrotron
radiation

15,000 K star
the Sun (5,800 K)

3,000K star

10°
wavelength (nm)
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Crab’s pulse
patterns
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infrared

radio

_optical

Gradual slowing
down of
pulsar rotation

Energy emitted
in pulses comes
from rotational
kinetic energy
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is very much alive !
Mass transfer in

binaries adds jazz...

white dwarfs,
neutron stars
or black holes
-- all can play !

MASS EXCHANGE BETWEEN BINARY STARS .
... EXAMPLE 0F How Evousmion of g SUPERNOVAE in

S i s e ! Other Galaxies

Stages in
mass exchange
in binary syst

Neutron Star

Here consider
two massive stars
-~ clock runs fast

light-curve timescale
“stretch-factor” corrected -




On to the Sun in Lecture 3
with Mark Miesch from HAO

Kepler’s SNR (.

MASS TRANSFER
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