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ÅWhat are globular clusters? 
 

ÅHistorical significance 
 

ÅShapley-Sawyer classification 
 

ÅHow to find, observe, and report on globular clusters 
 

Outline 

M5 (Serpens Caput) 



What are Globular Star Clusters? 

ÅDensely packed, spherical agglomerations of 104 to 107 
very old stars (12-14 billion years old) that surround a 
galactic nucleus 
 

ÅMost in the Milky Way are 10,000 to 50,000 light years 
away from us 
 

ÅDiameters: 10s to 100s of light years 
 

ÅDensities:  average about 1 star per cubic light year, but 
more dense in the core 
 

ÅAbout 150 globular clusters known in the Milky Way 

 
 



What are Globular Star Clusters? 

ÅSome globular clusters, e.g., M15, have undergone gravitational 
collapse in their cores 
 

ÅGlob cores can be millions or even billions of times more 
densely populated than our solar neighborhood 
 

Å Imagine a night sky with thousands of stars brighter than 
Sirius! 

M62 (Ophiuchus) 

ÅBlack holes of low stellar mass (10-20 
solar masses) may be common at the 
center of globular clusters.  They have 
been detected (2012-2013) in M22 (a pair) 
and M62 by detecting radio emissions 
using the Very Large Array  



9ŀǎƛŜǊ ǘƻ άǎŜŜέ ǘƘŜ ōƭŀŎƪ ƘƻƭŜǎ 
using radio emissions and the 
VLA versus a Hubble view of 
M22 (Sagittarius) 

J. Strader et al., Nature Oct 4, 2012  



   

 

Hertzsprung-Russell diagrams: 
Typical globular cluster (left)  and M55 (right) 

Note the 
άƪƴŜŜέέ 



H-R Diagram for M3 (Canes Venatici) 

¢ƘŜ άƪƴŜŜέ 
shows where 
stars begin to 
depart the Main 
Sequence on 
their path to 
becoming giants 
 
Can be used to 
estimate the age 
of the cluster 



ά¢ƘŜ ǘƘƛƴƎΩǎ Ƙƻƭƭƻǿ -- it goes on forever -- 
and -- oh my God! -- ƛǘΩǎ Ŧǳƭƭ ƻŦ ǎǘŀǊǎΗέ 

Commander David Bowman 
2001:  A Space Odyssey 
Arthur C. Clarke (1968) 
 





Iƻǿ άŦǳƭƭ ƻŦ ǎǘŀǊǎέ ƛǎ ŀ ƎƭƻōǳƭŀǊ ŎƭǳǎǘŜǊΚ 

Radius of star = 700,000 km (like our Sun) 
Radius of a globular cluster =  10 parsecs (3.1 x 1014 km). 
Volume of a sun-like star = 4/3 ̄  όтллΣллл ƪƳύ3 = 1.4 x 1018 km3. 
Assume 500,000 stars in the cluster. 
 
Volume of the stars = 500,000 x 1.4 x 1018 km3 = 7.2 x 1023 km3. 
Volume of the cluster =  пκо ˉ όоΦм Ȅ мл14 km)3 = 1.2 x 1044 km3. 
 
Thus, the stars only fill (7.2 x 1023 km3) / (1.2 x 1044 km3) = 6.0 x 10-21 
of the cluster's total volume.  
 
The stars are therefore separated by many astronomical units 
(Earth-Sun distance) 
 

Source:  Dr. Christopher Palma, Dept. of Astronomy & Astrophysics, Penn State Univ.   



Historical Importance 

άLǘ ƛǎ ōŜƭƛŜǾŜŘ ǘƘŀǘ ǘƘŜ ƎǊŜŀǘ Ƴŀǎǎ ƻŦ ǘƘŜ ǎǘŀǊǎ Χ ŀǊŜ ŀǊǊŀƴƎŜŘ ƛƴ ǘƘŜ ŦƻǊƳ 
of a lens- or bun-ǎƘŀǇŜŘ ǎȅǎǘŜƳ Χ ŎƻƴǎƛŘŜǊŀōƭȅ ŦƭŀǘǘŜƴŜŘ ǘƻǿŀǊŘǎ ƻƴŜ 
ǇƭŀƴŜ Χ ǘƘŜ Sun occupies a fairly central positionΦέ  

                  τArthur Eddington, 1914 

άLǘ is worthy of notice...that the 
brighter [Cepheid] variables have 
longer periodsΦέ 
 
      τHenrietta Swan Leavitt, 1908 



ά{ƛƴŎŜ ǘƘŜ ǾŀǊƛŀōƭŜǎ ŀǊŜ ǇǊƻōŀōƭȅ ŀǘ ƴŜŀǊƭȅ ǘƘŜ ǎŀƳŜ ŘƛǎǘŀƴŎŜ ŦǊƻƳ ǘƘŜ 
Earth, their periods are apparently associated with their actual emission 
ƻŦ ƭƛƎƘǘΣ ŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜƛǊ ƳŀǎǎΣ ŘŜƴǎƛǘȅΣ ŀƴŘ ǎǳǊŦŀŎŜ ōǊƛƎƘǘƴŜǎǎΦέ 
    --Henrietta Swan Leavitt (1912) 
 



S. Schneider et al., Pathways to Astronomy (2007) 

Schematic light curves 
for types of variable 
stars 
 
       Period 
RR Lyrae:      hours 
Cepheid:      days 
Mira-type:   months 
 
Variable behaves the 
same way in nearby 
stars, globular 
clusters, or galaxies! 
 
RR Lyrae variables: 
more prevalent in 
globs than Cepheids, 
but hard to detect in 
other galaxies 



ÅCollect data about absolute magnitudes (roughly, L) of close RR 
Lyrae variable stars determined from their measured distances 
 

ÅLocate RR Lyrae stars in globular clusters 
 

ÅAssume RR Lyrae stars in globulars are like other RR Lyrae stars 
and have about the same L (almost independent of period), i.e., 
about 80-100x that of the Sun  
ÅActual value: about 40x 

 

Å¦ǎŜ ǘƘŜ άƛƴǾŜǊǎŜ ǎǉǳŀǊŜέ ƭŀǿ όōǊƛƎƘǘƴŜǎǎ decreases with the 
square of the distance) 
ÅB=L/(4̄ d2) 

 
 

ÅFrom observed B and known L, calculate distance to the globular 
cluster 

 

IŀǊƭƻǿ {ƘŀǇƭŜȅΩǎ ŀǇǇǊƻŀŎƘ 



The period-luminosity relation  

Following up Leavitt, 
Shapley (1918) publishes 
the period-luminosity 
relation for Cepheid-type 
variable stars. 
 

Ability to relate 
άŀǇǇŀǊŜƴǘέ ƳŀƎƴƛǘǳŘŜ ǘƻ 
άǊŜŀƭέ ƳŀƎƴƛǘǳŘŜ  
Ý Distance! 

ă  Longer period 
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όά9ŀǎƛŜǊέ ǎƻƭǳǘƛƻƴ ŦƻǊ ww 
Lyrae variables, for which L is 
independent of period.) 
 



ά¢ƘŜ system of globular clusters, which is coincident in general, if not in 
detail, with the sidereal arrangement as a whole, appears to be somewhat 
ŜƭƭƛǇǎƻƛŘŀƭΦΧ ¢ƘŜ ŎŜƴǘŜǊ ƻŦ ǘƘŜ ǎƛŘŜǊŜŀƭ ǎȅǎǘŜƳ ƛǎ Řƛǎǘŀƴǘ ŦǊƻƳ ǘƘŜ 9ŀǊǘƘ Χέ    
      --Harlow Shapley (1918) 
 

Plane of our galaxy  You are here 



ά¢ƘŜ physical universe was anthropocentric to 
primitive man.... the significance of man and the 
Earth in the sidereal scheme has dwindled with 
advancing knowledge of the physical worldΦΦΦέ 

  * * *    
     άCǊƻƳ the new point of view our galactic universe 

appears as a single, enormous, all-comprehending 
unit... The adoption of such an arrangement leaves 
us with no evidence of a plurality of stellar 

άǳƴƛǾŜǊǎŜǎΦέ           --Harlow Shapley 

άLŦ L ƘŀǾŜ ǎŜŜƴ ŦŀǊǘƘŜǊ ǘƘŀƴ ƻǘƘŜǊǎ Φ Φ Φ 



Å Shapley correctly shows that we are not at the center of our galaxy. 
 
Å IƻǿŜǾŜǊΣ ƻƴƭȅ ŀ ŦŜǿ ȅŜŀǊǎ ƭŀǘŜǊΣ IǳōōƭŜ ŀǇǇƭƛŜǎ {ƘŀǇƭŜȅΩǎ method 

with Cepheid variables ǘƻ ǎƘƻǿ όƛƴ мфнпύ ǘƘŀǘ άƛǎƭŀƴŘ ǳƴƛǾŜǊǎŜǎέ 
are the rule.  
 

Å Key:  Luminosity of Cepheids = 10,000x that of Sun versus 40x for 
RR Lyrae variables, therefore we can more easily detect Cepheids 
beyond the Milky Way.  

Φ Φ Φ  ƛǘ ƛǎ ōŜŎŀǳǎŜ L ǎǘƻƻŘ ƻƴ ǘƘŜ ǎƘƻǳƭŘŜǊǎ ƻŦ ƎƛŀƴǘǎΦέ 
      --Isaac Newton 



IǳōōƭŜΩǎ [ǳƳƛƴƻǎƛǘȅ /ǳǊǾŜ ŦƻǊ /ŜǇƘŜƛŘ ±ŀǊƛŀōƭŜ 
 found in M31 (the Andromeda Galaxy) 

Period:  31.4 days.  Maximum mag: 18.0, minimum mag: 19.2 

άIŜǊŜ ƛǎ ǘƘŜ ƭŜǘǘŜǊ 
that destroyed my 
universeΦέ 
 

--Harlow Shapley 
 



ÅBorn 1885 (Nashville, MO, died 1972) 
 

ÅFifth-grade dropout later becomes a valedictorian 
 

Å{ǘǳŘƛŜǎ ŀǎǘǊƻƴƻƳȅ ǿƘŜƴ ¦ ƻŦ ahΩǎ {ŎƘƻƻƭ ƻŦ WƻǳǊƴŀƭƛǎƳ 
postpones his admission 
 

ÅGrad school:  Princeton (with H. Russell) studies period-luminosity 
relation for Cepheid variable stars 
 

ÅShows that Cepheids are most likely pulsating single stars 
 

ÅDirector, Harvard College Observatory (31 years) 
 

ÅMany papers, books published 
 
 

 

Harlow Shapley 



The Shapley-Sawyer Classification  
of Globular Clusters 

Å9ǎǘŀōƭƛǎƘŜŘ ƛƴ мфнт ōŀǎŜŘ ƻƴ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ά.ǊǳŎŜ ǇƘƻǘƻǎέ ǘŀƪŜƴ 
in Arequipa, Peru  

ÅάLƴǎǘŜŀŘ ƻŦ ŎƭŀǎǎƛƴƎ ǘƘŜ ŎƭǳǎǘŜǊǎ Φ Φ Φ ƛƴ ǘǿƻ ƻǊ ǘƘǊŜŜ ōǊƻŀŘ ŀƴŘ 
obvious categories, we arrange them in finer subdivisions, in a 
series of grades on the basis of central concentration . . .  Class I 
represents the highest concentration toward the center, and Class 
·LL ǘƘŜ ƭŜŀǎǘΦέ 



Boyden Station, 
Arequipa, Peru 
(1889-1927) 

¢ƘŜ .ǊǳŎŜ нпέ ŘƻǳōƭŜǘ ǊŜŦǊŀŎǘƻǊ 


