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Figure 1: Caroline 
Herschel (Image courtesy 
unknown.) 

The Galaxy We Call Home 

"Grindstone Modeló  

William & Caroline Herschel (1738-1822) & (1750-1848) & Jacobus Kapteyn (1851-1922): 

Sun at center of irregularly disk shaped cloud of stars. The 

Herschels most ambitious undertaking was an attempt to 

determine the structure of the Milky Way system. This involved a 

technique William called "star gauging.ò He made sample counts 

of the stars in the field of view of his telescope. By the time they 

finished, nearly 20 years later in 1802, a count of over 90,000 stars 

in 2400 sample areas was completed. Along the way the Herschels 

noted many objects of interest for future astronomers: variable 

stars, binary stars, dark areas in the Milky Way that looked like holes, irregular bright nebulae, 

clusters of stars, and Caroline added many comet observations. The Milky Way, they concluded, 

was marked by many irregularities, and the Sun was located near its center. Later studies 

confirmed Herschel's deduction that our Galaxy is disk-shaped, but found that the Sun is not near 

the center and that the system. 

In 1906 Kapteyn started a major study of the distribution of stars in the galaxy, using counts of 

stars in different directions, as did William Herschel. This involved measuring the magnitude, 

spectral type, radial velocity and proper motion of stars in 206 zones. It represented the first major 

international collaborative project in astronomy, involving over 40 observatories. The conclusions 

were published in 1922, and described a lens-shaped island universe, whose density decreased 

away from the center. This galaxy was thought to be 40,000 light-years in size, the sun being 

relatively close (2,000 light-years) to the center.  
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Shapley & Leavitts 

 Harlow Shapley (1885-1972)Č study of globular clusters of stars and usedé. 

 Henrietta Leavitts: earlier work on Cepheid Variable Stars to determine true shape of the 

galaxy. 

Shapley observed two kinds of star clusters.  

1. Open Star Clusters: contain 100 to 1000 stars in a region 3 to 30 pc in diameter and 

are concentrated along the band of the Milky Way. The Pleiades is a well-known 

open-cluster. 

2. Globular Clusters: contain 100,000 to 1,000,000 stars crowded into a region about 

25pc in diameter and are not confined along the Milky Way. To estimate the size of the 

galaxy and its structure, Shapley had to find the distances to these clusters. 

 

In 1912, Harvard astronomer Henrietta Leavitt published a paper on the relationship between 

the period of variation of brightness and the luminosity of Cepheid Variable Stars. In 1918 Harlow 

Shapley used the period-luminosity relationship of these stars to determine the distance to 93 

globular clusters. From the direction and measured distance of these clusters, Shapely was able to 

reconstruct a three-dimensional model of their distribution around the Milky Way galaxy. Shapley 

discovered that these globular clusters form a spherical cloud centered about a portion of the Milky 

Way in the constellation Sagittarius, which he concluded must coincide with the center of our 

galaxy. Shapley concluded that the Earth, which was shown not to be at the center of our Solar 

System, was now evidently not at the center of our galaxy either.  

 

 

 

 

 

 

 

Figure 2: To the left is one of the youngest known open 
clusters ï the ñjewel,ò with an estimated age of only 7.1 million 
years. Its hottest star is of spectral type B0. The 3 brightest 
stars are blue giants of spectral type B9, B3, B2, while the 
fourth brightest star is a M2 red supergiant. Another spectral 
type A1 star is probably also a member, another white 
supergiant: This star is the brightest. (83,000 solar 

luminosities). (Image: Courtesy of AAO/AAT) 
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Figure 3: The Pleiades open cluster (upper 
right) also carry the name "Seven Sisters". Their 
Japanese name is "Subaru", which was taken to 
christen the car of the same name. Old 
European names indicate they were once 
compared to a `Hen with Chicks'. ñPleiadesò may 
be derived from either the Greek word for `to 
sail', or the word `pleios' meaning `full' or `many'. 
According to Greek mythology, the main, visible 
stars are named for the seven daughters of 
"father" Atlas and "mother" Pleione: Alcyone, 
Asterope (a double star), Electra, Maia, Merope, 
Taygeta and Celaeno. (Courtesy of UKS, AAO, 
& ROE.) 

 

 

 

 

 

 

  

 

 

 

 

What are Cepheid Variable Stars?  

 These are stars that change their luminosity (reliably) 

over time!  

 Why? Instability Strip (HR Diagram). When a star 

enters the instability strip it becomes a variable star.  

 Stars in this phase of their life are susceptible to 

pulsations in size & luminosity. Massive stars cross the strip at higher luminosities than 

lower-mass stars, and because of their higher mass and larger radius, they pulsate with 

longer periods. The star is quite interestingly swelling and shrinking on a reliable period. 

The Cepheid class takes its name from Delta Cephei, the first such star discovered in 

1784. Cepheids are yellow supergiant stars, and their fluctuations in luminosity result from 

an actual physical pulsation, with attendant changes in surface temperature and size. The 

stars are hottest and brightest when expanding at maximum rate midway between their 

largest and smallest size. 

 

 

Figure 4: Finally, 47 Tucanae is the second most luminous 
Globular Cluster in the sky, but unfortunately for some of 
us, it is only visible from the southern hemisphere. It is 
15,000 light years away, has a diameter of roughly 200 light 
years and contains at least 2 million stars! Its luminosity is 
about 500,000 times that of the sun and it is young among 
its peers, being only about 7 billion years old. (Image: 

Courtesy of AAO, AAT.) 



Milky Way Galaxy 

Lecture Fourteen  Page 159  

 

 

 

 

 

 This behavior of "varying brightness" can be 

used to help us determine the distances to objects 

within the local. 

 

 

Period-Luminosity Relation:  

If we know intrinsic 

luminosity we compare it to 

apparent luminosity to determine 

distances. For example, 

suppose you find a Cepheid 

variable star in the sky. By 

measuring its period and using 

Henriettaôs work, you can 

determine the starôs average 

intrinsic luminosity. Once you 

obtain the starôs absolute 

luminosity all you need do is 

compare that value to the apparent luminosity the star has in the sky to determine at what 

distance the star is located. Harlow shapely used this relationship on another type of variable ï RR 

Lyrae ï star found in the globular clusters under study to determine the distribution and distances 

to globular clusters around the Milky Way. Since Shapleyôs pioneering observations, the 

measurements have slowly be refined. The generally accepted distance to the galactic nucleus 

is about 8kpc (26,000 light-years), with an uncertainty of around 1kpc (3300 light-years).  

 Cepheids give us distances to objects Ą determine where things areé. 
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HR Diagram & Stellar Evolution 

Instability Strip Figure 5: The instability strip is just an informational portion of 
the HR diagram. If a star's luminosity and spectral type place it 
in this section of the HR diagram it will more than likely be 

susceptible to pulsations. 
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Figure 6: There is a relation that exists between the period of a 
pulsating star and its intrinsic absolute brightness. This relationship 

helps astronomers determine distances. 
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The Milky Way: Our Home Galaxy 

The Milky Way is actually a giant, as its mass is probably between 750 billion and one trillion 

solar masses, and its diameter is about 100,000 light years. Radio investigations of the distribution 

of hydrogen clouds have revealed that the Milky Way is a spiral galaxy. 

 

The Local Group 

The Milky Way Galaxy belongs to the Local Group of Galaxies, a smaller group of 3 large 

and over 30 small galaxies, and is the second largest (after the Andromeda Galaxy) but perhaps 

the most massive member of this group.  

 

Many of the dwarf Local Group members are satellites or companions of the Milky Way. The 

closest of all is SagDEG at about 80,000 light years from us and some 50,000 light years from the 

Galactic Center, followed by the more conspicuous Large and Small Magellanic Clouds at 179,000 

and 210,000 light years, respectively. 

 

The Galaxy:   

Two Components to the structural shape: 

 

 

 

 

 

 

 

 

Central Bulge 

Galactic Disk 

Figure 7: The edge-on view of the Milky Way structure. 
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The Edge-on View: The Disk 

 Most stars are within this structure, nearly all ISM (gas) 

 Old Stars (red) (1010 years) to Younger Stars (106 years) (blue) and some formation is 

going on now!  

 Composition - Old Metal Poor to Young Metal Rich (>2%) 

 Motions - coplanar, direct, elliptical orbits (Sun ~ 220 km/sec, Revolution ~ 240106 years, 

Mass of Milky Way ~ 21011Msun) 

 Spiral Arms are found in the disk Ą "stellar traffic jams." 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: The COBE satellite observatory turned it sights to the infrared heavens in 1990 producing 
this grand view of the central region of our own Milky Way Galaxy. The Milky Way is a typical spiral 
galaxy with a central bulge and thin flat disk of stars. However, gas and dust within the disk obscure 
visible wavelengths of light effectively preventing clear observations of the center. To study the 
structure of our own galaxy takes a few special techniques because our view is not perfectly 

advantages. (Image: Courtesy of COBE/NASA) 

Figure 9: This image shows our view looking toward the central regions of our Milky Way 
galaxy in visible wavelengths and clearly illustrates the disk material that we must look through. 
Notice the number of stars and the dark dust lanes that can block the view. (Image: Courtesy of 

Knut Lundmark & Lund Observatory) 
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Spherical Component - Central Bulge and Halo 

 Halo - Thin scattering of stars and clusters 

o Stars (old), globular clusters (old), very little ISM (gas) 

o ~15 109 years old 

o Metal Poor (mostly all H, He only) 

o Random eccentric orbits 

 

 

 

 

 

 

 

 

 

 

 Bulge  

o Crowded, similar to the halo but the population is just more crowded. 

Figure 10: If one looks towards our Galaxy's center 
- toward the constellation of Sagittarius - many 
beautiful celestial objects become apparent. The 
center of the Milky Way is behind the center of the 
image. Large dust lanes and star clouds dominate 
the picture. Many types of nebula and star clusters 
are very visible. (Lagoon Nebula (M8), a small red 
patch just above center - Trifid Nebula (M20) above 
M8 is a red and blue stellar nursery. Also notice the 
light pollution straight-line streak contributed by a 

passing plane. (Image: Courtesy of David Palmer) 

Figure 11: This drawing 
shows the very local 
neighborhood of our 
own galaxy. The Milky 
Way galaxy is shown in 
the center with the 
central bulge and disk 
labeled. Also shown are 
the galaxyôs globular 
clusters and halo 
structure. Finally, in the 
inset, there is a blown 
up view of our solar 
systemôs approximate 
location with the inner 
three planets - including 

the Earth. 
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Spiral Galaxies:  

The thin galactic disks are rotationally supported, but how does the spiral structure sustain 

itself for so long? The Milky Wayôs own spiral structure as well as other galaxies should have long 

ago mixed and contorted their respective spiral structures long ago. 

Wind-Up Problem 

Remember Kepler? 

One of Keplerôs laws 

described the motions of 

planets in orbit about the 

Sun. Planets closer to the 

Sun orbited faster than 

planets farther away from 

the Sun. In fact, that is 

exactly what is observed 

with the Solar System.  

However, if this behavior 

was also true of stars 

orbiting the galactic center 

of galaxies, it would 

quickly wipe-out the 

beautiful structure of spiral type galaxies. (The spiral arms do not behave like rope that would 

quickly wind-up, maybe a wave pattern?) How do we perpetuate the spiral structure of some 

galaxies? 

Solutions? 

1. Self-Sustaining Star Formation: A careful balance of stellar life and death can help 

create a pattern as long as events follow a very meticulous pattern. (stars form Č 

supernovaČ compress ISM Č more stars form Č supernova Č compress ISM Č 

more stars formé..etc). However, this is not a simple elegant idea an there is not 

much evidence that such a pattern should exist in all spiral structure galaxies, like our 

own. 

Figure 12: This galaxy, NGC4414, is a good example of what our own Milky 
Way galaxy spiral structure might look like. We are not able to get this 
vantage point to view our own galaxy so the structure we infer from the 
study of our galaxy is used to compare to similar galaxies in the universe. 
Notice the central bulge, spiral arms in the thin disk, and the dark ISM dust 
lanes within this comparable galaxy to our own.  (Image: Courtesy of W. 
Freedman, L. Fratorre, & AURA/STSci/NASA) 



Milky Way Galaxy 

Lecture Fourteen  Page 164  

2. Density Wave Theory: An idea taken from fluid dynamics. A galaxy can be thought of 

a group of gaseous particles, thus ideas from gas and fluid dynamics might apply. Just 

as a person can set-up a wave pattern in a bowl of water or within a gaseous plasma, 

such a wave pattern might be responsible for the spiral ñwaveò pattern within some 

galaxies.  

 

 Joe Physics:  Excess of cars (stars) near truck (arm), because the cars 

must slow down (density wave moves at truck speed) and identities of cars 

change over time.  Mass excess in the spiral arms (ISM) Č stars "delay" as they 

pass through the arms Č density wave excess perpetuated, even though 

individual stars move though the arms.  Gas compression in arms Č star 

formation, massive stars spend their lifetimes in the arms and less massive ones 

can eventually escape because of their much longer lives. How does this density 

wave property get started? We do not know. 

  

 

 

 

 

 

The formation of the spiral patterns is still a mystery. The density wave is thought to be a 

disturbance that gently travels around the galaxy compressing gas in its wake. The compressed 

gas triggers star formation. This also explains why we see a concentration of bright young stars, 

star clusters, and dark dust lanes in the spiral arms. The density waves sweeps through the galaxy 

leaving behind newly formed stars that blend slowly blend into the rest of the diskôs stars. However, 

there is no conclusive evidence or any understanding of how such a wave might start.  

 

Figure 13: A slower moving truck can slow down faster moving cars. So while all objects 
are traveling the same direction the traffic jam can travel at a different speed and/or 
direction. 
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Galaxies:  

Hubble Morphology of Galaxies:  

A classification scheme of what you see. Galaxies come in two basic flavors, ellipticals and 

spirals. The elliptical galaxies are dense and slowly rotating while spiral galaxies are more diffuse 

and rapidly rotating. There are numerous schemes for classifying galaxies with well-justified 

additional complexities. However, this simple "theorist's cartoon" already highlights the big 

problem: Why do the compact ones rotate slowly while the bigger ones rotate rapidly. It takes just a 

few minutes of playing on a piano stool to see why this is a problem. Start rotating with your arms 

out. When you pull them in, you spin fast. How did elliptical galaxies become so compact without 

spinning rapidly? 

 Edwin P. Hubble's Tuning-Fork Classification of galaxies was brilliant and insightful. He 

saw that there were relatively featureless galaxies that always had the same radial brightness 

profiles and elliptical isophotes (lines of constant surface brightness). They were distinguished only 

by the eccentricity of their isophotes which never got flatter than about 2:1. Spirals, with their disks 

and arms, show more diversity. The arms could be tightly wound or relatively open. They often had 

central bulges of varying prominence. The prominence of the bulge and the winding of the spirals 

tends to go hand in hand. The larger the bulge-to disk ratio (B/D), the more tightly wrapped are the 

spiral arms There is a parallel sequence of barred spiral galaxies, ones where the spiral arms 

seem to connect to a strong linear feature, the bar, in the center of the disk.  

Tuning Fork Diagram: 
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