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Stellar windsStellar winds
from hot starfrom hot star

MIDMID--POINTPOINT
LECTURELECTURE

Today’s “Bizarre” EventsToday’s “Bizarre” Events
•• Evolution of Evolution of massive stars massive stars through through giant and giant and 

supergiantsupergiant phasesphases:  fusion occurs in `successive :  fusion occurs in `successive 
layers of onion’layers of onion’

•• End life asEnd life as supernova explosionsupernova explosion, leaving behind , leaving behind 
either either neutron starneutron star or or black holeblack hole

•• Supernova can createSupernova can create neutron starsneutron stars
•• ConsiderConsider “pulsars” “pulsars” –– fast spinning neutron stars fast spinning neutron stars 

with fierce magnetic fieldswith fierce magnetic fields

•• ReadRead 18.4  Black Holes 18.4  Black Holes with some care with some care 
•• Come see us if need help with Come see us if need help with HW # 6HW # 6
•• Homework # 5Homework # 5 returned graded + answer sheetreturned graded + answer sheet

Binary Systems: The Binary Systems: The AlgolAlgol ParadoxParadox

•• AlgolAlgol is a is a binary systembinary system consisting of a 3.7 consisting of a 3.7 
solar mass solar mass main sequence starmain sequence star and a 0.8 and a 0.8 
solar mass solar mass red giantred giant.  Why is this strange?.  Why is this strange?

•• A.A. A 3.7 star should have become a red giant 
before a 0.8 solar mass star

•• B.B. Binary stars usually have the same mass

•• C.C. 0.8 solar mass stars usually never become 
red giants

A.A.

Clicker Puzzle:  Clicker Puzzle:  AlgolAlgol Binary SystemBinary System

•• A.A. Binary stars can Binary stars can 
have different masses have different masses 
but usually ARE but usually ARE 
formed at the same formed at the same 
time. time. 

•• More massive starMore massive star
should have had a should have had a 
shortershorter main main 
sequence lifetimesequence lifetime

What happened?What happened?

•• The 0.8 solar mass star once The 0.8 solar mass star once 
was more massive (3.0), with was more massive (3.0), with 
a 1.5 mass companiona 1.5 mass companion

•• As it became a As it became a red giantred giant, it , it 
swelled and poured material swelled and poured material 
onto its companion (lost 2.2)onto its companion (lost 2.2)

•• The The red giantred giant (0.8) is now (0.8) is now 
less massive than its less massive than its 
companion (3.7)companion (3.7)

•• FutureFuture: when the other star : when the other star 
becomes becomes red giantred giant, it may , it may 
pour gas back…?pour gas back…?

Binary Mass ExchangeBinary Mass Exchange

3.03.0 1.51.5

--2.22.2

0.80.8 3.73.7

early MSearly MS

nownow

Overview reminder:Overview reminder: Life track of lowLife track of low--mass starmass star
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LuminosityLuminosity
(solar units)(solar units)

TemperatureTemperature

101066

1010--44

40,00040,000 2,0002,000

Now considerNow consider
evolution of evolution of 
massive starsmassive stars
after MSafter MS

Evolution ofEvolution of
massive starsmassive stars

Clock Clock runs fasterruns faster,,
can burn heaviercan burn heavier
elementselements

First First 4 steps4 steps prettypretty
familiar, but familiar, but nono
helium flashhelium flash

1.1.

2.2.

3.3.

4.4.

SuccessiveSuccessive
core & shellcore & shell
fusion burningfusion burning
of C, O, of C, O, NeNe, , SiSi ....

all with all with 
“alpha capture”“alpha capture”
(or He)(or He)

stars make manystars make many
shallow Hshallow H--R loopsR loops

5.5.

6.6.

Many “layers of onion” in massive starMany “layers of onion” in massive star

Core structure from successive burning stages:Core structure from successive burning stages:
lesser elements on outside, heavier on insidelesser elements on outside, heavier on inside

•• Helium nucleus (2 protons) is Helium nucleus (2 protons) is absorbedabsorbed, energy , energy 
is releasedis released

•• Elements are created going up periodic table in Elements are created going up periodic table in 
steps of 2steps of 2

Fusion by Fusion by “alpha“alpha--capture”capture” (He  nucleus) (He  nucleus) 
burns C, O, burns C, O, NeNe, Mg, , Mg, SiSi ....

•• Elements of higher Elements of higher 
mass mass fusion burnfusion burn
successively,successively,
releasing energy releasing energy 
to support the star to support the star 
against gravity.against gravity.

•• Reactions may Reactions may 
change change too fast for too fast for 
outer layers to outer layers to 
respondrespond, so last , so last 
zig/zagszig/zags are smallare small

HighHigh--mass mass zigszigs and and zagszags in Hin H--R diagramR diagram
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BIGBIG
EvolutionaryEvolutionary
SWINGSSWINGS

Cross theCross the
pulsationalpulsational
instability strip:instability strip:
CepheidsCepheids

Massive Massive 
red giant red giant 
or or supergiantsupergiant::

Fierce hotFierce hot
winds and winds and 
pulsed pulsed ejectaejecta

HubbleHubble

Wildest of all !Wildest of all !

ETA CARINAEETA CARINAE

SupermassiveSupermassive
star (100 Mstar (100 MSUN SUN ))
late in life,late in life,
giant outburst giant outburst 
150 yr ago150 yr ago

Violent bipolarViolent bipolar
ejectaejecta + disk+ disk
at equatorat equator Star V838Star V838

MonocerotisMonocerotis
HSTHST--ACSACS

`Light Echo’`Light Echo’
from pulsefrom pulse

Red GiantRed Giant
or SG withor SG with
intenseintense
brighteningbrightening

Evolution of V838 Light Echo (HST)Evolution of V838 Light Echo (HST) Creation of elements from HeCreation of elements from He--capture ?capture ?

•• Mixture of elements in our near universe follows the Mixture of elements in our near universe follows the 
pattern of pattern of HeHe--capture fusioncapture fusion reactions, reactions, up to ironup to iron

•• Even Even heavier elementsheavier elements are made by are made by nucleosynthesisnucleosynthesis
during supernova explosion during supernova explosion 

Even numbersEven numbers
favored !favored !
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““OnionOnion--shell fusion burning” stops with   shell fusion burning” stops with   
IRON  IRON  (Fe, 26 protons )(Fe, 26 protons )

Iron does NOT Iron does NOT release energyrelease energy when it fuses !when it fuses !

FUSIONFUSION FISSIONFISSION

Several fatesSeveral fates
for massive starfor massive star

1.1. Strong winds Strong winds shrinkshrink
star, may end as star, may end as 
WHITE DWARFWHITE DWARF

2.2. Or core burns to Fe, Or core burns to Fe, 
eventually sudden eventually sudden 
CORE COLLAPSECORE COLLAPSE !!

SUPERNOVASUPERNOVA

““Core collapse”Core collapse”
SUPERNOVASUPERNOVA

““Rapid disassembly” Rapid disassembly” 
of elements in coreof elements in core

neutrons neutrons 
+  neutrinos+  neutrinos

Neutron degeneracyNeutron degeneracy
pressurepressure stiffensstiffens
collapsing corecollapsing core ------
+  +  push of neutrinospush of neutrinos

envelope `bounces’ !envelope `bounces’ !
SHELL BLOWS OFFSHELL BLOWS OFF

Only supernova Only supernova 
explosionexplosion creates creates 
elements heavier elements heavier 
than iron:than iron:

magic of magic of 
nucleosynthesisnucleosynthesis

SN shells, andSN shells, and
what is left atwhat is left at
center ?center ?

““Core Collapse SUPERNOVA”Core Collapse SUPERNOVA”

•• Exploding remnant Exploding remnant 
of of massive starmassive star
disperses heavy disperses heavy 
elements through elements through 
the galaxythe galaxy

•• Inside may be a Inside may be a 
neutron starneutron star –– a a 
remnant core of remnant core of 
pure neutrons!pure neutrons!

Crab Nebula (M1),Crab Nebula (M1), first seen as SUPERNOVA first seen as SUPERNOVA 
on 4 July 1054 from China on 4 July 1054 from China ---- visible in daytimevisible in daytime

Was Crab SN recorded in Chaco?Was Crab SN recorded in Chaco?
….and nothing recorded in Europe!….and nothing recorded in Europe!

•• PetroglyphPetroglyph from from 
Chaco CanyonChaco Canyon::

•• Correct position Correct position 
relative to new relative to new 
moon for Crab moon for Crab 
SupernovaSupernova

•• Check this on Check this on 
your your SkyGazerSkyGazer
softwaresoftware
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Neutron starsNeutron stars

More massive,More massive,
smaller in sizesmaller in size! ! 

Star with aStar with a
crystal crust !crystal crust !

Idea of neutron starsIdea of neutron stars
first suggested infirst suggested in
1930s (Landau, 1930s (Landau, ZwickiZwicki, , 
BaadeBaade, Oppenheimer), Oppenheimer)
… but seemed like… but seemed like
dreamingdreaming

Favorite Postcard:  Favorite Postcard:  SizeSize of  Neutron Starsof  Neutron Stars

•• Structure determined by Structure determined by 
gravity vs. neutron gravity vs. neutron 
degeneracy pressuredegeneracy pressure

•• Size ~ 10 kmSize ~ 10 km.   More .   More 
massive, smaller !!massive, smaller !!

•• Crushing gravity at its Crushing gravity at its 
surface, so not a nice surface, so not a nice 
neighbor …or place to neighbor …or place to 
visit …. as tourist visit …. as tourist –– try try 
Big Apple instead.Big Apple instead.

Neutron star over NYC !Neutron star over NYC !

QUEENSQUEENS

BROOKLYNBROOKLYN

STATEN STATEN 
ISLANDISLAND

BRONXBRONX

MANMAN


