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30 30 DoradusDoradus::
star formingstar forming
regionregion

Topics TodayTopics Today
•• See how See how CC--NN--O fusion cycleO fusion cycle makes the makes the 

vast energy released by massive starsvast energy released by massive stars
•• Clusters of stars Clusters of stars can be used to test our can be used to test our 

ideas about lifetimes on MSideas about lifetimes on MS
•• Then begin to look at what happens to star Then begin to look at what happens to star 

like the Sun like the Sun after exhausting H in core  after exhausting H in core  ----
post MSpost MS

•• Observatory Night #4Observatory Night #4 tomorrow, Tues, by tomorrow, Tues, by 
signupsignup

•• Planetarium #2 this FridayPlanetarium #2 this Friday –– class meets in class meets in 
FiskeFiske:  Ben Brown, :  Ben Brown, “Birth of Stars” “Birth of Stars” 

Main sequence (MS) stars Main sequence (MS) stars 

Burning Burning hydrogenhydrogen
in their coresin their cores

Temperatures areTemperatures are
hotterhotter for for moremore
massive starsmassive stars
(crush of gravity)(crush of gravity)

More luminousMore luminous
(higher fusion rates)(higher fusion rates)

““Observed”Observed”
MASS MASS ----
LUMINOSITYLUMINOSITY

relation forrelation for
main sequencemain sequence

Why such a Why such a steep steep 
increase of  L with increase of  L with 
MM ??

Need higher Need higher 
central P (and T) central P (and T) 
to support star to support star ----
and fusion and fusion 
burning goes burning goes 
much faster !much faster !

L ~ ML ~ M44

REMINDERREMINDER

PP--P ChainP Chain
&&

CC--NN--O CycleO Cycle

Both fusionBoth fusion
processesprocesses
occur in parallel, occur in parallel, 
but Cbut C--NN--O makesO makes
far more energyfar more energy
at higherat higher
temperaturestemperatures

Stars hotter Stars hotter 
than F1, than F1, 
CC--NN--O winsO wins

CC--NN--O Fusion CycleO Fusion Cycle

Can provide Can provide vast luminosityvast luminosity for massive stars on MSfor massive stars on MS
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How long canHow long can
MS stars MS stars 
burn Hburn H
in their cores?in their cores?

More massiveMore massive
star have (very)star have (very)
short livesshort lives !!

REMINDERREMINDER

L / LL / Loo

TemperatureTemperature

101066

1010--44

40,00040,000 3,0003,000

10 10 MMsunsun

0.3 0.3 MMsunsun

Thus we getThus we get
this huge this huge 
range of range of 
LIFETIMESLIFETIMES
on MSon MS

Higher on MS,Higher on MS,
higher MASShigher MASS,,
shorter LIFEshorter LIFE

60 M60 M

Clicker: Main SequenceClicker: Main Sequence

•• Jen and Ben are two main sequence Jen and Ben are two main sequence 
stars:  Jen is an M star and Ben is a B stars:  Jen is an M star and Ben is a B 
star. Which is star. Which is more massive more massive ? Which is ? Which is 
redder in color redder in color ??

•• A.   Jen is more massive and redderA.   Jen is more massive and redder
•• B.   Ben is more massive and redderB.   Ben is more massive and redder
•• C.   Jen is more massive; Ben is redderC.   Jen is more massive; Ben is redder
•• D.   Ben is more massive; Jen is redderD.   Ben is more massive; Jen is redder

D.D.

Who is who ?Who is who ?

•• Jen is an M star Jen is an M star ---- far to far to 
the right (red) on the HR the right (red) on the HR 
diagramdiagram

•• Ben is a B star, bluer and Ben is a B star, bluer and 
(for main sequence stars) (for main sequence stars) 
more massivemore massive

•• D.D. Ben is more Ben is more 
massive, Jen is reddermassive, Jen is redder

Main SequenceMain Sequence::

range of stellarrange of stellar
propertiesproperties

L range isL range is
biggest !biggest !

How MSHow MS
stars do itstars do it
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Differing convection and radiation zones on MSDiffering convection and radiation zones on MS

High mass:High mass:
convective core,convective core,
deep deep radiativeradiative
envelopeenvelope

Solar mass:Solar mass:
radiativeradiative interior,interior,
convective convective 
envelopeenvelope

Low mass:Low mass:
very deepvery deep
convectiveconvective
envelopeenvelope

Deeper convection may yield fiercer magnetic dynamosDeeper convection may yield fiercer magnetic dynamos

Life Life AFTERAFTER
main sequencemain sequence

Stars Stars evolve evolve 
off MSoff MS, not , not 
along it !along it !

Now let usNow let us
test such ideastest such ideas
with star clusterswith star clusters

STAR CLUSTERS STAR CLUSTERS –– two varietiestwo varieties
both are groups of star that have evolved together both are groups of star that have evolved together ----

great for testing ideas about great for testing ideas about evolution of starsevolution of stars

Globular clusterGlobular cluster
old, millions of starsold, millions of stars

Open clusterOpen cluster
young, thousands of starsyoung, thousands of stars

M80, HSTM80, HST

Globular clustersGlobular clusters ---- much older, biggermuch older, bigger

•• generally generally much much 
olderolder ---- up to 13 up to 13 
BILLION yearsBILLION years

•• made up of made up of 
millions of starsmillions of stars, , 
very densely very densely 
packedpacked

Open star cluster:  PleiadesOpen star cluster:  Pleiades

•• ““Open cluster” only Open cluster” only 
about 100 MY old about 100 MY old ––
involves involves several several 
thousand starsthousand stars

•• Unlike Sun’s age of Unlike Sun’s age of 
4.6 BY4.6 BY

Bright BBright B--type stars, O stars type stars, O stars now missingnow missing

Clusters can test lifetimes on main sequenceClusters can test lifetimes on main sequence
Great advantages:Great advantages:

All stars at aboutAll stars at about
same distancesame distance
(apparent brightness (apparent brightness 
tracks luminosity)tracks luminosity)

All formed at aboutAll formed at about
same timesame time

Range of differentRange of different
mass stars !mass stars !

Stars “peel off”Stars “peel off”
MS as core HMS as core H
exhausted exhausted red giantsred giants

----Young clusterYoung cluster

---- Oldest clusterOldest cluster
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Life track in Life track in 
HH--R diagramR diagram
of of solarsolar--massmass
starstar

Many meandersMany meanders,,
but MS phasebut MS phase
longestlongest, , red giantred giant
phase(sphase(s) shorter) shorter,,
finally white dwarffinally white dwarf
left to cool slowlyleft to cool slowly

protostarprotostar

blow lovely shellblow lovely shell

ZAMSZAMS
littlelittle
white dwarfwhite dwarf

Red Giant IRed Giant I

RG IIRG II
??

Next EventsNext Events

•• Continue reading Continue reading 17.3 Life as Low17.3 Life as Low--Mass Mass 
StarStar, looking at , looking at shell burning red giantshell burning red giant
phasephase


