








Basic components: 

   Thin disk 

   Bulge 

   Spiral arms 

   halo 



Key Parts: 
 - disk 
 - halo 
 - bulge 

Disk 

Halo 

Bulge 

Globular 
clusters 







An object that has a known luminosity  
is called a standard candle. 







Henrietta Leavitt  

Henrietta Leavitt 
(1868-1921).  

Luminosity=4πD2B 



1920 Harlow Shapley 
  Observed that the globular star clusters were centered 
about a point  that was displaced from the Sun. Shapley 
proposed that the point was the center of the Milky Way.  

Harlow Shapley's diagram of the distances of 
the globular clusters from the Sun. 









Dust is generated in the late stages of low and high mass 
stars, when carbon and silicon is dredged up from the cores 
and ejected in stellar winds, planetary nebulae, and possibly 
supernova remnants. 
The blocking of visible light by dust is called dust extinction. 

Dust – a hindrance to our study of the Milky Way 

A view at visible wavelengths of the galactic plane. 



If the dust is thick enough, visible 
light is absorbed (or scattered) and  
only the longer wavelengths get through. 

Reddening 



Radio    Microwave     Infrared   Visible       UV      X-ray 

longer wavelength 
(redder) 

shorter wavelength 
(more blue) 

Blocked by  
Interstellar Dust 



Very Large Array 

Chandra X-ray Observatory 











Very Large Array 

Interstellar hydrogen emits strongly at 21cm wavelengths. 





A full sky image of hydrogen (21 cm emission) 

By looking at the Doppler Shift of the 21 cm emission, we can reconstruct 
the distribution of objects in the galaxy. 



You are here 







Disk supported by 
rotation 

Halo supported by 
random motion 

Bulge supported 
by random motion 
and small rotation 





The dominant 
structures in the disk 
are the spiral arms. 

Spiral arms are density 
waves that move at 
different velocities from 
the stars. 

The Structure of the Milky Way Disk 





The gas and stars in the galaxy rotate at a different rate than 
the spiral arms (density waves) 



The gas and stars in the galaxy rotate at a different rate than 
the spiral arms (density waves) 



The gas and stars in the galaxy rotate at a different rate than 
the spiral arms (density waves) 



The gas and stars in the galaxy rotate at a different rate than 
the spiral arms (density waves) 



The gas and stars in the galaxy rotate at a different rate than 
the spiral arms (density waves) 













There is a blackhole there. 

Can you come up with a way to prove 
its existence? 



Chandra survey of  
the Galactic center 

Red: 1-3 keV   Green: 3-5 keV   Blue: 5-8 keV 

Wang et al. (2002) 





X-ray Flare from Sgr A* 

Baganoff  et al. (2003) 



Our Galactic Center 

•  More than 5000 km/
s at a mere 17 light 
hours distance -- 
about 3x the size of 
our solar system. 

MPE: www.mpe.mpg.de/www_ir/GC/gc.html 

• 4 million solar masses 
within this distance.  



2000,000M_sun in 
1AU size 



Three key things to keep in 
mind about the Milky Way 

1) The Milky Way is an ecosystem for 
stars.  

2) The Milky Way is mostly empty space … 
but it is rather dusty.  

3) The Milky Way barely moves at all on 
the scale of a human lifetime. 



Review questions 

•  1) What wavelengths of radiation effectively 
penetrate the dusty interstellar medium?  

•  Radio and Infrared 

•  what velocity and what period? 
–  vel. = 220 km/s, period = 240 million years 

•  True/False - The same stars move along with 
the spiral density waves all the time.  
–  False, the stars orbit the galactic center at a 

different rate than the spiral density waves. 



Review Questions  

•  How do we measure the motion of the Milky 
Way? 

•  How is the disk of the Milky Way supported? 

•  How is the bulge supported? 

•  How do we know there is a super-massive 
black hole in the center of the Milky Way?   


