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Introduction

• What are galaxies?

– Systems containing many
galaxies, e.g. ∼ 1011 stars in the
Milky Way.

– But galaxies have different
properties.
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Properties of individual galaxies

• Intrinsic properties

– The number of stars in a galaxy, i.e. the luminosity of a galaxy
(bright vz faint)

– The distribution of stars in a galaxy, i.e. the morphology of a galaxy
(elliptical, spiral, irregular, etc.)

– The stellar population: i.e. mostly young stars or old stars (blue vz red)
– The amount of gas contained in a galaxy (gas rich or gas poor)
– Nuclear activity (active vz normal)

• External properties

– Local environment (cluster vz field)
– The cosmic time when the galaxy is observed

(protogalaxies vz present-day galaxies)
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Hubble sequence of galaxy morphology
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Properties of the galaxy population

• The distribution function:
N(a,b,c,d, · · ·)

– luminosity distribution: luminosity
function

– size distribution: size function
– morphology: galaxy number as a

function of morphological type
– spatial distribution: galaxy

distribution as a function of
local environment (local galaxy
density)

– redshift distribution: the number
density of galaxies as a function
of cosmic time

– etc.

• Correlations among intrinsic
properties

– luminosity vz size
– luminosity vz morphological type
– morphological type vz local

environment
– etc.
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‘Galaxy formation and evolution’ is a very hot field, because

• There are a lot of observational programs

• There is a well-defined theoretical framework
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Observational developments

• Wide-angle galaxy redshift surveys

• Deep galaxy surveys
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The CfA Survey (de Lapparent et al 1986): The Las Campanas redshift survey
(Shectman et al. 1996):

South

12434 galaxies

North

11263 galaxies
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2dF and SDSS

SDSS:
107 galaxies in 5 bands
High-quality CCD images of galaxies:

1.5′′

106 redshifts, high-quality spectra
Type-dependence of galaxy clustering

/◦.



Galaxies at high redshifts, Lyman-break galaxies at z∼ 3
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Questions to be answered by galaxy formation and evolution

• Why galaxies have different luminosities, morphological types, sizes, etc ?

• Why galaxies have the observed distributions w.r.t. their properties ?

• Why there are the observed correlations among intrinsic properties?

• The goal of Galaxy Formation and Evolution:

– To explain, with physical principles, why there are different galaxies and
why galaxies have the observed distributions with respect to their intrinsic
and external properties
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The special position of galaxies in cosmology

• Galaxies are bright enough to be observed on cosmological scales

• Galaxies are made of stars, and so can be used to study star formation and
stellar evolution on cosmological space and time scales

• Galaxies are abundance and so can be used to trace the formation and
evolution of large-scale structure.
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Galaxy formation and evolution as a physical problem

Like other physical problems:
physics + initial and boundary
conditions, but it has distinct
properties:

• initial conditions are part of the
problem

• what are the ‘initial conditions’ that
generate the initial conditions (the
beginning of the universe)
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The general framework
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Topics related to galaxy formation and evolution

• Cosmology

• Theoretical physics (gravitation, gas and fluid dynamics, radiation, star
formation and evolution, particle physics, etc.)

• Observational tests
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The arrangement of the lectures

• Introduction

• Cosmology: to establish the spacetime within which cosmological events are
described

• Density perturbations in the universe

– Perturbation theory
– Statistical properties of the perturbations
– Probing the cosmic density field

• The formation of non-linear structures

– spherical model
– simple non-spherical models

/◦.



– virial theorem

• The formation of dark halos and their statistical properties

• Gas cooling and star formation in dark halos

• Spectral synthesis and chemical evolution

• The formation and evolution of galaxies

– Spiral galaxies
– Galaxy interaction and transformation
– Elliptical galaxies
– The galaxy population

• Special topics

– High-redshift galaxies
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– The intergalactic medium and quasar absorption line systems
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Astronomical Observations

• Mainly through EM radiations:
emission and absorption

• Spectral energy distribution: fλ dλ

• Wavebands from radio to gamma
ray.
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Background emission from radio to γ-ray
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Milky Way: The Galaxy
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Photometric Observations

Wavebands and Bandwidths:

fX =
∫

fλFX(λ)R(λ)T(λ)dλ ,

FX(λ): filter function

T(λ): atmospheric transmission

R(λ): efficiency of telescope

Note: corrections are usually made for T and R
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Photometric quantities

Intrinsic properties:

• Surface brightness: SB(R)
[SB] = ergsec−1 cm−2

• Luminosity: L =
∫

SB(R)d2R
[L] = ergsec−1.

Observational quantities:

• Flux: f = L/4πr2

• Surface brightness: flux per unit
solid angle
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Magnitudes in optical astronomy

Apparent magnitude: mX =−2.5log( fX/ fX,0),
where fX,0: the flux in X band of Vega.

AB-magnitudes: fX,0 = 3.6308×10−20ergs−1cm−2Hz−1 ∫
FX(c/ν)dν

Absolute magnitude: MX =−2.5log(LX)+CX, CX is a zero point.

MX =−2.5log
(

LX
L�X

)
+M�X

M�X absolute magnitude of the Sun:

mX −MX = 5log(r/r0), where r0 is a fiducial radius at which mX and MX are
defined to have the same value. Conventionally, r0 = 10pc.

The values of M�X in this definition are available: M�B = 5.48; M�I = 4.08.

Color: (B−V)≡mB−mV = MB−MV.
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Image quality

Seeing limited:

Iobs(R) =
∫

d2R′It(R′)P(R−R′),

where P(R) is the point-spread function (PSF).

Isotropic PSF, for example: P(R) = exp(−R2/2σ2)/2πσ2.

/◦.



Spectroscopic Observations

SED:
fν = λ2 fλ/c and fλ = ν2 fν/c.

• Optical: light dispersed by grating spectrograph or objective prism
fibre; long slit; integral field unit (or IFU).

• X-ray and γ-ray: energy measured for each photon

• Radio: Fourier transform of the time sequence signal
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Redshift of a spectrum

Redshift:

νobs =
(

1− v · r̂
c

)
ν12

z≡ ν12

νobs
−1.

The observed SED is redshifted, and broadened.
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Information in spectral lines:
Composition and state of the material
Motions within an object (stars in
galaxies)
Random motion:

F(νobs) =
∫

S[νobs(1+v/c)] f (v)dv.

Ordered motion:

νobs(R)−ν12 =±Vrot(R)sini
c

ν12
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Distance Measurements

Trigonometric Parallax:

d =
A

tan(πt)
where A = 1AU = 1.49597870× 1013cm is the length of the semi-major axis of
the Earth’s orbit around the Sun. Hipparcos Satellite: πt ∼> 10−3arcsec, or with
distances d∼< 1kpc.

Proper Motions: θ = l/d (assuming l � d). Because of motion, measure at two
different times give d1 and d2, ∆θ = ∆d/d2 = θ∆d/d, where ∆d = |d1−d2| can be
obtained from velocity measurements
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Standard Candles and Standard Rulers

• Absolute Luminosities: Cepheids, SNIa

• Luminosity Functions

• Main-Sequence Stars

• Surface Brightness Fluctuation

• Galaxy Kinematics

• Sunyaev-Zeldovich Effect
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Redshifts as Distances

Pure Hubble expansion:

vr = ṙ = H(t)r where H(t)≡ ȧ(t)/a(t).

Velocity as distance, but peculiar velocities

vr = H0r +vpec . (1)

H0 = 100hkms−1Mpc−1 , (2)
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