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AS 2001 Galactic Astronomy

Galactic Astronomy

• Aims :
• determine distribution and motions of stars
• investigate rotation curve of Galactic disk
• construct model of the Milky Way
• explore Galactic formation and evolution

• Texts :
• Zeilik and Smith: Chap 14,15,19,20

• Binney and Merrifield : Galactic Astronomy
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Overview of the Milky Way

• What do the individual components of the Galaxy 
tell us about Galactic structure, formation and 
evolution?
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Galactic Astronomy

• Observe:
• Structure

• Star positions

• Kinematics
• velocities

• Explain:
• Dynamics

• forces: gravity  --- pressure --- dark matter

• Ecology
• physical processes
• complex interactions between stars and gas

• and light and gas

• Understand:
• Evolution: Origins and Fate
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Galactic Ecology

• Interactions between gas and stars
•  light and stars

gas clouds

collapse form stars

light
heats gas
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more star formation
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Galactic Ecology
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Our Galactic Perspective

• Insider’s view of Galaxy:

• Difficulties:
• cannot see Galaxy from external POV

• what does it look like
• dust obscuration of central regions: disk and bulge

• Advantages:
• study individual objects: stars etc
• positions, velocities, masses, ages, compositions
• construct detailed model
• clues to formation

Sun
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What does our Galaxy look like?

• Disc Galaxy

• How promiment is the is the disc?
• How important is the central bulge?
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Is it a Grand Design Spiral?
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Does it have a Bar?
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The Multi-λ Milky Way

• OPTICAL:
• stars (our eyes designed to see star/sun-light)
• reflected light   :     reflection nebulae
• hot gas              :    emission nebulae, HII regions

• absorption by dust : dark clouds
• obscuration of stars in plane of Milky Way 
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Optical view of the Milky Way

                                 Lund  ALL SKY ‘painting’

• cannot see bulge stars
• light blocked by dust where λ < dust grains
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Stellar Clusters
• Globular Clusters :

• 105 to 106 stars
• in Galactic Halo  --  metal poor
• Old: ages ~ 10 10  to 10 11 years

• Open Clusters : 
• (n x 103 stars) 
• In Galactic Disc -- metal rich
• Young: ages < few 10 9  years

Globular cluster: 47 Tuc

Open cluster: The Pleiades (D. Malin/UKSTU)
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Dark Clouds

• Starlight blocked by dust grains

• seen against background
    of stars
• blue light blocked more
    than red light

• dust grain size a
• blue light λ < a scattered
• red light  λ > a passes 

through cloud
• stars appear redder
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Light from Gas and Dust

• Blue: Reflection Nebula
• light from star 
 reflected by dust

• Red:  HII region
• Emission-line  nebula
• Hot gas emits photons

at optical wavelengths
• gas heated by young stars

• Dark lanes:
• obscurration due to dust
                                                                       Trifid Nebula

•

AS 2001 Galactic Astronomy

Dust Emission

• Optical:  λ ~ 0.1  to 1.0 µ    (µ = 10-6 m)
• HII regions

• gas heated to T~ 10 4 K

• Refelction nebula 
• reflected starlight: Stars: T ~ 10 4 K

• Infrared:
• starlight heats dust

• to 15 - 40 K
• From Wien’s law for blackbody radiation

                         λ max T~ constant
• sun:                  ~   0.5 µ x 6000 K
• dust                  ~ 30 K x λ dust  
• dust emits at   λ dust    ~  100 µ

• see dust emission :  Infrared Cirrus
• can also see stars through dust
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Galaxy in  IR: dust emission

see
• disc  of Galaxy
• Ecliptic: dust emission from Solar System
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Galaxy at near IR

• near IR (λ~2µ)

• See stars 
through dust 

• light λ  > size 
of dust grains

•
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The Galaxy at Radio wavelengths

• Radio λ ~ cm to m

• Non-thermal emission  
(synchrotron emission)

• relativistic electrons
+

 magnetic fields
• emits photons

• 21 cm emission line
• cold  gas: T =  10 to 100 K
• HI = neutral hydrogen
• ground state has two levels
• proton-electron spin parallel

       or antiparallel

p e- p e-

21 cm
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Galaxy in Radio Synchrotron 
Emission

• see neutron stars, supernova remnants, star 
forming regions, bubbles from stellar winds

• large magnetic field structures rise above Galactic 
plane
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Galaxy at 21 cm

• cold gas concentrated close to Galactic plane
• wisps at higher lattitudes from stellar activity
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Galactic coordinates

•  α : Right ascension           l  : Galactic longitude
•   δ : Declenation           b : Galactic lattitude

• How do we transfer between coordinate systems?

NCP NGP

Equatorial Galactic

celestial equator Galactic equator

α
δ b

lGC
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