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MilkywayMilkyway

ObservablesObservables

FluxFlux

Distance magnitude relationDistance magnitude relation

M = m – 5logM = m – 5log
1010

(d/10pc)(d/10pc)

M-m is the distance modulusM-m is the distance modulus

H-R diagramH-R diagram

Distance measurementsDistance measurements

ParallaxParallax

M-S fittingM-S fitting
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MilkywayMilkyway cont. cont.

Distance measurements cont.Distance measurements cont.

Spectroscopic parallaxSpectroscopic parallax

Variable StarsVariable Stars

CepheidsCepheids

RR-Lyrae starsRR-Lyrae stars

Luminosity and Mass functionsLuminosity and Mass functions

Salpeter IMFSalpeter IMF

M∗=∫M1

M2

MMdM
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Structure of the MWStructure of the MW

BulgeBulge

Old Spherical componentOld Spherical component

DiskDisk

Young star forming regionYoung star forming region

HaloHalo

Old metal poor starsOld metal poor stars

Review stellar populationsReview stellar populations
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Galactic RotationGalactic Rotation

Differential rotationDifferential rotation
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Galactic Rotation Galactic Rotation 
CurveCurve

At RAt R
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Gravitational LensingGravitational Lensing
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Dark MatterDark Matter

BaryonsBaryons

Brown dwarfsBrown dwarfs

MachosMachos

RocksRocks

Black HolesBlack Holes

Non-baryonicNon-baryonic

WIMPSWIMPS

Axions ...Axions ...
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Motion under GravityMotion under Gravity

∇2x =−∇2∫Gx '
∣x−x '∣

d3x '

=4Gx 

2 〈KE 〉〈PE 〉=0

Relaxation TimesRelaxation Times
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Stellar OrbitsStellar Orbits

Galactic Potentials and EpicylesGalactic Potentials and Epicyles

Effective potentialsEffective potentials

EpicyclesEpicycles
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Local GroupLocal Group

~36 galaxies near the MW & M31~36 galaxies near the MW & M31

dwarf sphericalsdwarf sphericals

Magallanic type spiralsMagallanic type spirals

IrregularsIrregulars

Tidal distruptionTidal distruption

Star formationStar formation
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Galaxy ClassificationGalaxy Classification

EllipticalsEllipticals

E0-E7E0-E7

SpiralsSpirals

Sa --> Sc --> SdSa --> Sc --> Sd
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Galaxy Classification cont.Galaxy Classification cont.

Trends withing the Hubble SequenceTrends withing the Hubble Sequence

ProblemsProblems

RevisionsRevisions

DeVaucouleurs'DeVaucouleurs'

Van den Bergh (DDO system)Van den Bergh (DDO system)
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Tidal StrippingTidal Stripping

x=±D [ m
M  3 m /M 
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x is called the Jacobi limit or the Roche limit and is written
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Galaxy PhotometryGalaxy Photometry

Fit functionsFit functions

Spiral GalaxiesSpiral Galaxies

BulgeBulge

DiskDisk

Elliptical GalaxiesElliptical Galaxies

Sersic's LawSersic's Law

n=4 deVaucouleur's lawn=4 deVaucouleur's law

I  r =I  r ee x p[−b  r
r e


1
n−1]
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Gas in SpiralsGas in Spirals

HI gasHI gas

Measured with radio spectral observationsMeasured with radio spectral observations

Observations needed for rotation curveObservations needed for rotation curve

Spider diagramsSpider diagrams

CO gasCO gas

HH rotation curves rotation curves

Stellar kinematicsStellar kinematics
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Rotation CurvesRotation Curves

Evidence for dark matterEvidence for dark matter
rotation velocity is constant, so that means Mrotation velocity is constant, so that means Mr r ∝∝ r r

Implies extra mass beyond visible massImplies extra mass beyond visible mass
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Galaxy DistancesGalaxy Distances

Hubble LawHubble Law

Tully-Fischer LawTully-Fischer Law

Spiral StructureSpiral Structure
Grand design spirals (~10%)Grand design spirals (~10%)

Multi-arm spirals (~60%)Multi-arm spirals (~60%)

Flocculent spirals (~30%)Flocculent spirals (~30%)

Leading and Trailing ArmsLeading and Trailing Arms

Spiral TheorySpiral Theory

Spiral wrappingSpiral wrapping

Density wavesDensity waves

Star formationStar formation
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EllipticalsEllipticals

Can be complex systemsCan be complex systems

Multiple componentsMultiple components

X-raysX-rays

Dust Dust 

Young starsYoung stars

Distribution of B/ADistribution of B/A

Isophotal ShapesIsophotal Shapes

Elliptical KinematicsElliptical Kinematics

Faber-Jackson relationFaber-Jackson relation
L v

2x 1 0 1 0 Ls u n
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Ellipticals cont.Ellipticals cont.

Fundamental PlaneFundamental Plane
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