
AY 20
 

Fall 2010

Stellar Clusters, Pulsating Stars


Milky Way Structure & Morphology

Reading: Carroll & Ostlie, Chapter 13.3, 14.1, 24.1, 24.2
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Nearest Example of a Galaxy: our Milky Way

In our Galaxy, star clusters can probe age and distance
Other distance indicators: variable stars                  -

 classical Cepheids, RR Lyrae
 

stars
Last class: main sequence and post-main sequence evolution 

result of nuclear burning (i.e. change of )
Recall Vogt-Russell: star’s mass and composition structure 

uniquely determine L, r (Teff

 

) and subsequent evolution
e.g. convective/radiative

 

core + convective envelope OR   convective 
core radiative

 

envelope
Mass and composition also influence end states

e.g. white dwarfs, supernovae, pulsars, neutron stars, black holes
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•

 

Star formation: collapse process leads to fragmentation
•

 

Fragmentation 

 

simultaneous formation of multiple stars 
•

 

Star cluster = group of stars with common properties


 

Same distance


 

Same age


 

Same composition
•

 



 

different evolutionary states of cluster members due only to   
different masses



 

Ignoring binarity, rotation, magnetic fields
•

 

Last class: time for newly-formed stars to reach main sequence is a 
function of mass (e.g. NGC 2264)

•

 

Lifetime of stars on main-sequence also a function of mass
•

 

Over time, turn-off point

 

from main-sequence occurs at lower Teff

 
(redder color) and lower L

•

 



 

estimate of cluster age from turn-off point
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coverp
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Ages of clusters

•

 

Galactic clusters (“open”

 

clusters) –

 

10’s to 100’s stars 
•

 

Nuclear time scales, tN

 

longer for decreasing M*

•

 

Older clusters have existed long enough for low mass stars to 
burn most H, leave main sequence

•

 

turn-off point 

 

age of cluster
•

 

Here NGC 2362 youngest; M67 oldest
•

 

Note y-axis: MV

 

–

 

need cluster distances to compare ages

Adaptation of
original figure by
Alan Sandage
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Pleiades

h & 
 

Persei
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Cluster distance measurement

Here stars in NGC 2362 on main sequence between A and A’
have same Teff

 

as
stars in Praesepe

 

between B and B’
A-A’

 

stars and B-B’

 

stars are of similar spectral type i.e. similar stars
differences in mv

 

must be due to distance differences

Magnitude of vertical shift to “match”

 

A-A’

 

and B-B’

 

main sequences     


 

distance measurement
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HIPPARCOS satellite again
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Recall other distance measures:
trigonometric parallax –

 

accurate up to ~ 1 kpc
e.g. Hyades from Hipparcos

 

= 47 pc
Main sequence fitting based on Hyades 

 
distances 

accurate to ~ 7 kpc
 

(but Galactic Center at 8 kpc)
Method also used for greater distances (Magellanic

 
Clouds 

at 50 pc) but less accurate
More accurate distance measurements use pulsating 

variable stars –
 

Cepheids
 

(extragalactic distance scale)

Cepheids
 

–
 

supergiants; cyclic variations in magnitude as  
star expands and contracts 

Period between 1 and 50 days, variations of several 
magnitudes in brightness
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Recall other distance measures:
trigonometric parallax –

 

accurate up to ~ 1 kpc
e.g. Hyades from Hipparcos

 

= 47 pc
Main sequence fitting based on Hyades known distance            



 

distances accurate to ~ 7 kpc

 

(but Galactic Center at 8 kpc)
Method also used for greater distances (Magellanic

 

Clouds at ~ 50 kpc)
More accurate distance measurements use pulsating variable stars

 

–

 
particularly Cepheids

 

(extragalactic distance scale)

Cepheids

 

–

 

supergiants;                                                               
cyclic variations in magnitude as  star expands and contracts 

Period between 1 and 50 days; brightness variations ~ several 
magnitudes

Henrietta Leavitt: L*

 

~ P*

 

~ mv

 

; mv

 

~ MV

 

(since all in Small Magellanic

 
Cloud i.e. at same distance)

i.e. for Cepheids, periods 

 

absolute magnitude 

 

distance
BUT need calibration = independent distance measurement to      

ONE Cepheid variable
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Period-Luminosity Relation for Classical Cepheids
Nearest Cepheid is Polaris @ ~ 200 pc –

 

simple parallax methods inaccurate until 
Hipparcos

 

space mission
However, Hertzsprung

 

(1913) used secular parallax method for distances to 
Cepehids

 

with same period 
M<V>

 

= -2.81 logPd

 

- 1.43
or log <L>/Lʘ

 

= 1.15 logPd

 

+ 2.47

Now Cepheids

 

= “standard candles”

 

for extragalactic distance measures too
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•

 

Leavitt relation empirical. Eddington

 

theory: P µ

 

<ρ>-1/2

•

 

MV ~ L* ~ R* and <ρ>-1/2

 

~ P
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Distances from 
variable stars in 
globular

 

clusters

 Omega

 Centauri

 Spitzer image

 (infrared)
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RR Lyrae

 

stars (cluster 
variables) lie on  horizontal 
branch

Note:  PRRLyrae

 

≤

 

1 day << PCepheid

Small words to cover
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