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ASTR 1120:  Stars & GalaxiesASTR 1120:  Stars & Galaxies

Prof. Prof. JuriJuri ToomreToomre TA:  Ben BrownTA:  Ben Brown
Lecture 17     Fri 18 Feb 05Lecture 17     Fri 18 Feb 05
zeus.colorado.edu/astr1120zeus.colorado.edu/astr1120--toomretoomre

EskimoEskimo
planetaryplanetary
nebulanebula

Topics for TodayTopics for Today
•• Look further at Look further at BINARY STARSBINARY STARS to measure to measure 

STELLAR MASSSTELLAR MASS
•• We shall estimate  We shall estimate  LIFETIMES LIFETIMES of stars on of stars on 

main sequence (MS)main sequence (MS)
•• Observed  Observed  MASSMASS--LUMINOSITYLUMINOSITY relation relation 

reveals that reveals that massive starsmassive stars have very short have very short 
lives!lives!

•• HWHW 4 4 due today, new due today, new HW # 5 HW # 5 passed out  passed out  
•• Start overview reading Start overview reading Chap 17 Star StuffChap 17 Star Stuff

BINARYBINARY
STARSSTARS

4 varieties:4 varieties:

VisualVisual
AstrometricAstrometric
SpectroscopicSpectroscopic
EclipsingEclipsing

REMINDERREMINDER
EclipsingEclipsing
binariesbinaries

one star gets one star gets 
in front orin front or
behind otherbehind other

Eclipsing: Variations in brightness with timeEclipsing: Variations in brightness with time

Very useful (can even infer stellar radii), but RAREVery useful (can even infer stellar radii), but RARE
… viewing angle has to be right on edge!… viewing angle has to be right on edge!

SpectroscopicSpectroscopic
binariesbinaries

Most common of allMost common of all

Don’t see stars Don’t see stars 
individuallyindividually
---- but see but see shiftingshifting
absorption linesabsorption lines

Sometimes TWO setsSometimes TWO sets
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Spectroscopic BinarySpectroscopic Binary

Harder to interpret, since don’t know viewing angleHarder to interpret, since don’t know viewing angle

MizarMizar the “the “deamondeamon” ” –– four stars, actuallyfour stars, actually

Recall fromRecall from
Chap 3:Chap 3:

KEPLERKEPLER deviseddevised
3 laws for planetary3 laws for planetary
(or stellar) motions(or stellar) motions

In 1687, In 1687, NEWTONNEWTON
explained themexplained them
as balance ofas balance of
gravity and gravity and 
centrifugal forcecentrifugal force

So why allSo why all
the fuss withthe fuss with
BINARIES?BINARIES?

Can really Can really 
weigh a star !weigh a star !

STELLAR STELLAR 
MASSESMASSES
can be inferredcan be inferred
from watchingfrom watching
orbits orbits 

(via law of gravity (via law of gravity 
–– KeplerKepler and Newton)and Newton)

From midFrom mid--term answersterm answers

•• Chandra XChandra X--Ray ObservatoryRay Observatory is located:is located:

•• A.  in a deep gold mine in South DakotaA.  in a deep gold mine in South Dakota
•• B.  on B.  on MaunoMauno Kea, HawaiiKea, Hawaii
•• C.  on the high altitude desert in ChileC.  on the high altitude desert in Chile
•• D.  in Earth orbitD.  in Earth orbit
•• E.  flying in a 747 with telescope cutoutE.  flying in a 747 with telescope cutout

D.D.
Chandra XChandra X--Ray ObservatoryRay Observatory
was launched into orbit in was launched into orbit in 
1999 1999 –– XX--rays cannot rays cannot 
penetrate atmospherepenetrate atmosphere

Latest (2003) “Great Observatory”Latest (2003) “Great Observatory”
is Spitzer Space Observatory, in is Spitzer Space Observatory, in 
IR range of wavelengthsIR range of wavelengths
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LuminosityLuminosity

(solar units)(solar units)

TemperatureTemperature

101066

1010--44

40,00040,000 3,0003,000

L / LL / Loo

TemperatureTemperature

101066

1010--44

40,00040,000 3,0003,000

Binary starsBinary stars
show:show:

Higher on MS,Higher on MS,
higher MASShigher MASS

But how longBut how long
does a stardoes a star
live there ?live there ?

10 10 MMsunsun

0.3 0.3 MMsunsun

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)

•• Stars take Stars take millions to millions to 
billions of yearsbillions of years to go to go 
through their life through their life 
stages stages -- we rarely see we rarely see 
a single star changea single star change

•• Observing many Observing many 
different stars lets us different stars lets us 
figure out figure out the the 
sequence of a single sequence of a single 
star’s lifestar’s life

Look at broad sample, to figure out any lifespanLook at broad sample, to figure out any lifespan

Lifetimes on Main Sequence (MS)Lifetimes on Main Sequence (MS)

•• Stars spend 90% of their lives on MSStars spend 90% of their lives on MS
•• Lifetime on MSLifetime on MS =  amount of time star =  amount of time star 

burns burns hydrogen (gradually) in its corehydrogen (gradually) in its core

•• For For SunSun, this is about 10 billion years, this is about 10 billion years
•• For For more massive starsmore massive stars (OBAF), lifetime is (OBAF), lifetime is 

(much) shorter(much) shorter
•• For For less massive starsless massive stars (KM), lifetime is (KM), lifetime is 

longer longer 
•• But But howhow do we get these numbers?do we get these numbers?

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

relation forrelation for
main sequencemain sequence

But why suchBut why such
a a steepsteep variationvariation
with mass ?with mass ?

BIGGER CRUSHBIGGER CRUSH
OF GRAVITY needsOF GRAVITY needs

HIGHER centralHIGHER central
PRESSURE (orPRESSURE (or

temperature)temperature)
FASTER BURNINGFASTER BURNING
(CNO(CNO--fusionfusion--cycle cycle 
comes into play)comes into play)

L ~ ML ~ M44
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EstimatingEstimating
LIFE on MSLIFE on MS

Four stepsFour steps
in our estimatein our estimate

Simple playSimple play
with numbers with numbers ––
just be bold!just be bold!

How long canHow long can
other stars other stars 
burn Hburn H
in their cores?in their cores?

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

Short lives of massive stars on MSShort lives of massive stars on MS

•• RockRock--star analogy:star analogy:

More massive, hotter, More massive, hotter, 
more luminous starsmore luminous stars
burn through the burn through the 
available fuel fasteravailable fuel faster ----
leading to early leading to early 
burnoutburnout
CC--NN--O fusion cycle is O fusion cycle is 
the way massive stars the way massive stars 
do it !do it !

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

How to hold up all stars: How to hold up all stars: 
PRESSUREPRESSURE

•• What is difference between FORCE and What is difference between FORCE and 
PRESSURE ?PRESSURE ?

•• Can a  Can a  BED OF NAILSBED OF NAILS support an support an 
astronomer ?   Or  YOU ?  … time for truthastronomer ?   Or  YOU ?  … time for truth

•• Maybe it is all about PRESSURE …..  Maybe it is all about PRESSURE …..  
which is  which is  FORCE  divided by  AREAFORCE  divided by  AREA


