
The Milky Way Galaxy’s Rotation Curve 

--The blue curve shows the orbital speeds of stars and gas in the Galaxy.  
--The dashed red curve shows Keplerian orbits that would be caused by the 
gravitational force from all the known objects in the Galaxy.  

 There is, apparently, an abundance of dark matter that extends to great 
distances from the galactic center. This additional mass gives the outer stars higher 
speeds than they would have otherwise. 

“Nearly 90% of the mass of our Galaxy has yet to be located”—
Dark Matter? 

http://
www.youtube.com/
watch?v=-
qlV5hjIJm0	




The Rotation Curves of Four Spiral Galaxies 
Vera Rubin (1975) 

This graph shows how the orbital speed of material in the disks of four spiral 
galaxies varies with the distance from the center of each galaxy. If most of each 
galaxy’s mass were concentrated near its center, these curves would fall off at large 
distances. But these and many other galaxies have flat rotation curves that do not 
fall off. This indicates the presence of extended halos of dark matter. 



Dark Matter 

Dark matter also causes 
gravitational lensing of 
distant galaxies. 
 
It is estimated that in our 
universe there is about 6 
times more mass in the form 
of dark matter than ‘regular’ 
matter.  



So What is Dark Matter? 

The most widely accepted explanation for these phenomena is that dark 
matter exists and that it is most probably composed of weakly 
interacting massive particles (WIMPs) that interact only through 
gravity and the weak force. Alternative explanations have been proposed, 
and there is not yet sufficient experimental evidence to determine which is 
correct. Many experiments to detect proposed dark matter particles 
through non-gravitational means are under way. 

Dark matter is a type of matter hypothesized in astronomy and cosmology 
to account for effects that appear to be the result of mass where no such 
mass can be seen. Dark matter cannot be seen directly with 
telescopes; evidently it neither emits nor absorbs light or 
other electromagnetic radiation at any significant level. The 
existence and properties of dark matter are inferred from its 
gravitational effects on visible matter. 



Dark Matter Halo in the Milky Way 

“Fermi Data Tantalize With New Clues To Dark Matter” 
April 3, 2014 



Types of Galaxies 
Spiral 

Elliptical 
Irregular 

The Hubble Ultra Deep Field in 3D.flv 



Edwin Hubble classified spiral galaxies: 
 

-- Sa galaxies have the largest central bulges and the most 
tightly wound spiral arms. 
-- Sc galaxies have the smallest central bulges and the least 
tightly wound arms.  

Spiral Galaxies 

Spiral arms are sites of strong star formation: we see 
dust, blue stars, lots of gas. 





Andromeda (M31) 

•  Andromeda is a beautiful Sb spiral galaxy and the brightest galaxy (m=3.36). 
It is in Earth’s northern hemisphere (near Polaris).  

•  Located only 2.5 Mly (0.77 Mpc) from us, Andromeda is gravitationally bound to 
the Milky Way. 



Spiral Galaxies Seen Nearly Edge On from the 
Milky Way 

(a)  Because of its large central bulge, this galaxy (called the Sombrero Galaxy) is 
classified as an Sa. 

(b)  Note the smaller nuclear bulge in this Sb galaxy.  
(c)  At visible wavelengths, interstellar dust obscures the relatively insignificant     
nuclear bulge of this Sc galaxy. 



Variety in Spiral Arms  

The differences in spiral galaxies suggest that at least two mechanisms create 
spiral arms.  
(a)  This flocculent spiral galaxy has fuzzy, poorly defined spiral arms.  
(b)  This grand-design spiral galaxy has well-defined spiral arms. 



The Winding Dilemma 

--The rotation curve of the disk stars in our Galaxy indicates that most of them have 
the same linear (straight-line) speed. As time goes on, the outer stars are left behind, 
creating (b–d) a spiral shape that becomes more and more tightly wound.  

 
Such tightening is not observed in our Galaxy or in other galaxies. 

 
http://en.wikipedia.org/wiki/Density_wave_theory 



Ripples in Water 

(a) The usual circular ripples 
expanding from the place where a 
rock was thrown into the water. 

(b) Ripples in rotating water 
creating spiral arms, as do ripples 
in the gas and dust of a disk galaxy. 



Compression Wave in Traffic Flow 



Dynamics of a Grand-Design Spiral Galaxy 



Barred Spiral Galaxies 

As he did with spiral galaxies, Edwin Hubble classified barred spirals: 
 

A.  SBa galaxies have the most tightly wound spirals and largest central bulges;  
B.  SBb galaxies have moderately tight spirals and medium-sized central bulges. 
C.  SBc galaxies have the least tightly wound spirals and the smallest central bulges. 
 

The Milky Way is an SBc galaxy 



Elliptical Galaxies 

Hubble classified elliptical galaxies according to how round or elongated 
they appear: 

  An E0 galaxy is round; a very elongated elliptical galaxy is an E7.  

•  Most elliptical galaxies are composed of older, low-mass stars, with a 
sparse interstellar medium and minimal star formation activity. 

•  Current thinking is that an elliptical galaxy may be the result of a long 
process where two or more galaxies of comparable mass, of any 
type, collide and merge. 



Giant Elliptical Galaxies 

The Virgo cluster is a rich, sprawling collection of more than 2000 
galaxies about 50 million ly from Earth.  



A Dwarf Elliptical Galaxy 

This nearby E4 galaxy, called Leo I, is about 600,000 ly from Earth. It is only 
3000 ly in diameter and is so sparsely populated with stars that you can 
see right through its center. It is a satellite of the Milky Way. 



Irregular Galaxies 

At a distance of only 179,000 ly, the Large Magellanic Cloud (LMC), an 
irregular galaxy, is passing close to our Milky Way Galaxy. It is about 
62,000 ly across. 



Hubble’s Tuning Fork Diagram 

Hubble summarized his classification scheme for galaxies 
with this tuning fork diagram.  

http://www.youtube.com/watch?v=UE8yHySiJ4A 
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