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PleiadesPleiades

Today: Star BirthToday: Star Birth

•• Look atLook at how stars are formed how stars are formed out of         out of         
big and cold molecular cloudsbig and cold molecular clouds

•• Homework Set 5Homework Set 5 due today (boxes outside)due today (boxes outside)
•• New New Homework Set 6Homework Set 6 availableavailable
•• Read Read 17.417.4 Life as a HighLife as a High--Mass StarMass Star
•• Begin overview read Chap Begin overview read Chap 18  18  Bizarre Bizarre 

Stellar GraveyardStellar Graveyard

Reading Clicker Reading Clicker –– ProtostarsProtostars
•• Angular momentumAngular momentum plays an important plays an important 

role in star formation. Which aspect is role in star formation. Which aspect is 
probably probably NOTNOT affected much by star’s affected much by star’s 
original angular momentum?original angular momentum?

•• A.  A.  ProtostellarProtostellar windswinds
•• B.  Onset of core hydrogen fusionB.  Onset of core hydrogen fusion
•• C.  C.  ProtostellarProtostellar jetsjets
•• D.  D.  ProtostellarProtostellar disksdisks

B.B.

STAR BIRTHSTAR BIRTH within big cold cloudswithin big cold clouds

Start with clouds of Start with clouds of 
cold, interstellar gascold, interstellar gas

•• Molecular cloudsMolecular clouds ----
cold enough to form cold enough to form 
molecules T=10molecules T=10--30K30K

•• Often dustyOften dusty
•• Collapses under its Collapses under its 

own gravityown gravity

•• 1.  1.  Collapse due to gravityCollapse due to gravity increases the increases the 
temperaturetemperature.  If  thermal energy can escape via .  If  thermal energy can escape via 
radiation (glowing gas) , radiation (glowing gas) , collapse continuescollapse continues

•• 2.  If 2.  If thermal energy is trappedthermal energy is trapped, or more energy is , or more energy is 
generated due to fusion, generated due to fusion, collapse is slowedcollapse is slowed

Recurring theme in forming stars: Recurring theme in forming stars: 
Conservation of Conservation of energyenergy
and and angular momentumangular momentum
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Collapse from Collapse from Cloud to Cloud to ProtostarProtostar

•• First collapse from First collapse from very large, cold cloudvery large, cold cloud –– cold cold 
enough to contain molecules (molecular clouds)enough to contain molecules (molecular clouds)

•• The cloud fragments into The cloud fragments into starstar--sized massessized masses

•• Temperature increasesTemperature increases in each fragment as it in each fragment as it 
continues to collapsecontinues to collapse

Dusty, dark Dusty, dark 
molecular cloud molecular cloud 
regionsregions

Black Cloud B58 ESOBlack Cloud B58 ESO

Star birth in Star birth in ScorpiusScorpius AATAAT

Stellar nurseriesStellar nurseries
start as cold placesstart as cold places

Giant Molecular Cloud

Star Forming Core

Accretion Disks + Proto-Stars

Gravity, Spin, Magnetic Fields

Rotating Core

Gravity

Disks

Jets

STAR FORMATION MOVIESTAR FORMATION MOVIE

1 1 2:2: Collapsing Collapsing protostarprotostar is first shrouded by cocoonis first shrouded by cocoon
of dusty gas, but then winds and jet blast throughof dusty gas, but then winds and jet blast through
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Collapsing cloudCollapsing cloud
spins upspins up, forms, forms
star, disk and jetstar, disk and jet

HST: actual edgeHST: actual edge--on disk, jeton disk, jet

Jets from young stellar objects (Jets from young stellar objects (YSOsYSOs))

HST 1997 - 1994

A jet from a young star

HST 1997 - 1994

A jet from a young star

2:2: Collapse continues, temperature stabilizes as Collapse continues, temperature stabilizes as 
deep convection circulates energy outwardsdeep convection circulates energy outwards
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3 3 4:4: As core temperatures reach millions of degrees, As core temperatures reach millions of degrees, 
fusion begins and stabilizes fusion begins and stabilizes –– star joins main sequencestar joins main sequence

ProtostarsProtostars of of different massesdifferent masses follow follow 
different life tracksdifferent life tracks toward MStoward MS

More massive stars goMore massive stars go
more quicklymore quickly, and, and
nearly horizontallynearly horizontally
across Hacross H--R diagramR diagram

Life now begins onLife now begins on
““zerozero--age main sequenceage main sequence””
( ZAMS )( ZAMS )

Clicker Clicker –– starbirthstarbirth and colorand color

For every massive For every massive 
OO--star that is born, star that is born, 
there are ~100 there are ~100 
lowlow--mass Mmass M--stars stars 
also born !also born !

Galaxy colorGalaxy color•• 1 blue O 1 blue O 100 red M100 red M
•• LumLum O = 10,000 solar O = 10,000 solar 

luminositiesluminosities
•• LumLum M = 0.001 solar M = 0.001 solar 

luminositiesluminosities

•• What color is the What color is the 
starlight from the starlight from the 
star forming spiral star forming spiral 
armsarms in our galaxy?in our galaxy?

•• A.  BlueA.  Blue
•• B.  RedB.  Red
•• C.  OrangeC.  Orange

Galaxy colorGalaxy color

•• A.A. BlueBlue

•• 100 times more M 100 times more M 
stars, but each is stars, but each is 
1 / 10,000,000 times 1 / 10,000,000 times 
fainter than an O fainter than an O 
starstar

•• Massive blue stars Massive blue stars 
dominate the lightdominate the light
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•• Hot new Hot new blueblue main main 
sequence starssequence stars

•• PinkPink hydrogen gashydrogen gas

•• BlackBlack sooty dustsooty dust

•• Blue nebulae are Blue nebulae are 
reflections of reflections of 
starlight from starlight from 
massive blue starsmassive blue stars

Stellar nurseries yield lovely sightsStellar nurseries yield lovely sights The Orion Star Forming Complex
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Optical view of winter sky

VisibleVisible

Infrared view of winter sky  (10 - 120 µm)

IRIR

VisibleVisible RadioRadio

Eagle NebulaEagle Nebula: cold dark : cold dark 
clouds are eroded by clouds are eroded by 

intense starlightintense starlight

HST iconHST icon


