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What this part of the course is about 1

Introduction to cosmology and galaxies

Cosmology:

Fairly simple basis: homogeneous models (FLRW)

Physics-based in hot Big Bang phase (thermodynamics)

structure formation (homogeneous→ inhomogeneous)

Galaxies:

Bewildering variety of data, concepts, examples

Eventual goal: Understand how the diversity of galaxies comes about

Guidelines: Basic concepts, properties, morphology, spectra
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What this part of the course is about 2

Overall goal of this course: understand basic concepts, learn the basic vocabulary

If you pick up a paper on the subject, you should be able to

Understand the context and motivation

Superficially understand the arguments made

Later: Intelligently listen to talks outside your own specialty

More details and differentiation plus deeper digging can come later, in:

MVASTRO3: Galactic and Extragalactic Astronomy

MVASTRO4 or MKTP5: Cosmology

MVSpec “Observing the Big Bang”
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Cosmology and galaxies

FLRW-Cosmology (homogeneous)

Structure formation with dark matter

Galaxies

clumping

gas in halos

basic concepts

dynamics

distances in cosmology

hot Big Bang phase

basics, morphology, spectra

stellar dynamics, scaling relations

galaxy types, AGN, groups/clusters

gravitational lensing

galaxy evolution
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Distance scales

100 m 105 m 1010 m 1015 m 1020 m 1025 m

10−15 ly 10−10 ly 10−5 ly 100 ly 105 ly 1010 ly

Insects

Cats

Humans

Cities

Planets

Stars

Galaxies
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Fundamental observational facts about our universe

Some fundamental observational facts cosmological models need to accommodate:

Olbers’ Paradox

Age determination for oldest objects

Fundamental matter content, including dark matter

Cosmography (needs distance measurements)⇒ on-average homogeneity

Hubble-Lemaître-Relation

. . . and of course that is not all, but it’s a start!
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Olbers’ paradox (1823)

Heinrich Wilhelm Matthias Olbers (1758-1840) and others:
The universe cannot be infinite, infinitely old, and stationary

If it were:

every line-of-sight would end in a star

area within given solid angle goes with r2

flux goes with 1/r2

⇒ every patch of sky as bright as the Sun’s surface!

(Dust/absorption? If stationary, thermal equilibrium would give dust
the same surface brightness!)

In-depth analysis: E. Harrison, Darkness at night. Harvard University Press 1987
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Age determinations 1: lower age limit from metal-poor stars

Metal-poor halo star HE 1523-0901:
Heavier elements from first
Type II SN

Calculate initial r-process
elements abundances

U-238 (Z = 92) vs. Th-232
(Z = 90) similar, promising

Half-life U 4.5 Gyr, Th 14 Gyr
Different chronometers:
▶ U against all r elements
▶ Th against all r elements
▶ U against T

Resulting age: 13.2 ± 0.7 Gyr Fig. 2 (left part) from Frebel, Christlieb et al. 2007
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Age determination 2: Stellar evolution

For star clusters:

Create color-magnitude diagram

main-sequence turn-off (MSTO)

L ∼ M 3.5 and τ ∼ M/L ⇒ τ ∼ M −2.5

Oldest globular clusters:
13.2 ± 2 Gyr (Carretta et al. 2000)

Diagram on the right after Fig. 7
in Durrell & Harris 1993
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https://ui.adsabs.harvard.edu/abs/1993AJ....105.1420D/abstract
https://ui.adsabs.harvard.edu/abs/1993AJ....105.1420D/abstract


Matter in the universe: luminous vs. dark

R. Williams (STScI), the Hubble Deep Field Team and NASA
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van Albada et al. 1985

Luminous baryonic matter: viscosity,
electromagnetic interactions, hot Big Bang
phase, star formation. . .

Interacts only via gravity: dark matter,
backbone for structure formation, galaxies
grow in dark matter halos
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Cosmography: Mapping our universe in 3D

Distance determinations beyond parallax: standard objects:

Measurable intrinsic property

observable apparent property

distance-dependence
(geometry)

Standard candle: luminosity ⇒ apparent brightness
Standard ruler: size ⇒ angular size
Standard siren: gw amplitude ⇒ observed amplitude
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Standard candle: from luminosity to flux

Luminosity = energy radiated per unit time

Constant luminosity: energy per unit time flowing
through spherical shell with radius d is L

Isotropic radiation: fraction of energy that passes
through detector area A in unit time is

∆E =
A

4πd2
· L

which is equal to the area A times the flux F ,

F =
L

4πd2
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Standard candles

Standard candle: object, where we know/can deduce L , measure the flux F , calculate

d =

√
L

4πF

Link with astronomical magnitude system:

m1 −m2 = −2.5 · log
(
F1

F2

)
leads to distance modulus

m −M = −2.5 · log
(

L/(4πd2)

L/(4π[10 pc]2)

)
= 5 · log

(
d

10 pc

)
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Standard candles example 1: Cepheids

Cepheids = pulsating phase of
medium-mass stars

Relation pulsation period and
maximal/minimal/avg. L

Realized first heuristically by Henrietta
Swan Leavitt, 1908–1912

Crucial for first extra-galactic distances
(Hubble)

Modern standard candles often use
extinction-corrected magnitudes
(e.g. Wesenheit magnitudes)
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Standard candles example 2: Supernovae vom Typ Ia

Perlmutter et al. 1998, Supernova Cosmology Project

SN Ia: binary with White Dwarf⇒ H captured⇒ thermonuclear explosion
Phillips relation: fading rate (peak vs. 15 days later) allows calibration
Standard tool for most distant extragalactic distance measurements
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https://ui.adsabs.harvard.edu/abs/1997AAS...191.8504P/abstract


Large-scale distribution of galaxies: homogenous-ish?
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Not that easy: 26441 data points for galaxies from NED-D distance catalogue
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https://ned.ipac.caltech.edu/Library/Distances/


Systematic redshift-distance relation: Hubble-Lemâitre relation

Hubble 1929: “A Relation between Distance and Radial Velocity among Extra-Galactic Nebulae” in PNAS 15(3), p. 168ff.
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https://ui.adsabs.harvard.edu/abs/1929PNAS...15..168H/abstract


Fundamental observational facts about our universe

Some fundamental observational facts cosmological models need to accommodate:

Olbers’ Paradox

Age determination for oldest objects

Cosmography (needs distance measurements)⇒ on-average homogeneity

Hubble-Lemaître-Relation

. . . so where do we go from here?
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Simplified homogeneous, isotropic universe

Simplest model: homogeneous, isotropic universe

Cosmological principle: The universe presents the same aspect from every point except
for local irregularities (Bondi 1952)
⇔ Copernican principle: We occupy no special location in the universe.

Two complementary views of the model we will use:

“Galaxy dust” with separate, pointlike galaxies

ρ

Continuum with uniform density ρ
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Our framework for model-building: general relativity

Dominant large-scale force in the cosmos: gravity!

(Electromagnetism much stronger, but astronomical objects
are electrically neutral.)

Modern description of gravity:
Einstein’s general theory of relativity (1915)

Gravity linked to distortion of space and time

Matter tells spacetime how to curve,
spacetime tells matter how to move
(John Wheeler)

Foto via Library of Congress
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http://www.loc.gov/pictures/item/2004671908/


General relativity

What we will use later on:

Equivalence principle: In free fall, special relativity is valid locally

Newtonian limit: Small tidal forces are Newtonian

Energy-momentum: Source terms contain energy, pressure

Equivalence principle

M

Tidal forces around source

These are general relativity’s “interfaces” with its precursor theories:
special relativity and Newtonian gravity
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General relativity: Equivalence principle

Part of gravity “vanishes” if an observer lets go, falls freely (left)

No local difference to gravity-free situation (right):
laws of special relativity hold

Famous example: astronauts on the International Space Station!
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What remains even in free fall? Tidal forces!

External view: View from inside the cabin:
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What do tidal forces do? 1/2

Tidal forces distort swarms of free-falling particles:
direction effects and distance effects

If attracting mass is below:

becomes

with
V̈
∣∣∣
t=0 = 0

(Newtonian calculation, still valid in general relativity)
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What do tidal forces do? 2/2

Attracting central mass: particles initially at rest accelerate inwards

M

Newton:

V̈
V

∣∣∣∣∣∣
t=0

= −4πG ρ,

with ρ ≡ M/V average density within sphere

Einstein’s equation (simplest form):

V̈
V

∣∣∣∣∣∣
t=0

= −4πG (ρ+ [px + py + pz ]/c2)

where ρ now includes energy plus extra pressure terms

(must-read: Baez & Bunn 2005)
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https://ui.adsabs.harvard.edu/abs/2005AmJPh..73..644B/abstract


Cosmological models in general relativity, done properly

From homogeneity, isotropy, derive Ansatz for the metric:

ds2 = −c2dt2 + a(t)2
[

dr2

1 − Kr2
+ r2dΩ

]
, dΩ = dϑ2 + sin2 ϑ dφ2

From metric follows:

light propagation

free-fall properties

geometry of space

Einstein’s field equation(s)

Gµν =
8πG
c4

Tµν

. . . yield Friedmann equations for a(t) in terms of matter content
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Cosmological models in general relativity: short-cut version

Introduce scale-factor expansion from homogeneity/isotropy

Galaxy in an expanding universe are in free fall
⇒ equivalence principle e.g. for light propagation

Density is low⇒ use Newtonian gravity as approximation

By hand, substitute ρ→ ρ+ 3p/c2 for relativistic source term

This will give us the right relations and equations for an expanding universe except the
connection between energy density and local geometry (spherical, flat, hyperbolical)
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Helpful text books

For Chapters 1 to 6: Lecture notes are in the Moodle!

Liddle, Andrew R.: An introduction to modern cosmology. Wiley 2015

Ryden, Barbara: Introduction to cosmology. 2nd edition. Cambridge University Press 2017

Schneider, Peter: Extragalactic astronomy and cosmology: an introduction, Springer 2006

Sparke, Linda S. & John S. Gallagher, III: Galaxies in the Universe. An Introduction. 2nd
edition. Cambridge University Press 2007

. . . all of which are in the Lehrbuchsammlung Neuenheimer Feld

For the homogeneous cosmology part: Markus Pössel, The expanding universe: an
introduction, arXiv:1712.10315

27 / 27

https://ui.adsabs.harvard.edu/abs/2017arXiv171210315P/abstract
https://ui.adsabs.harvard.edu/abs/2017arXiv171210315P/abstract

	anm1: 
	1.511: 
	1.510: 
	1.509: 
	1.508: 
	1.507: 
	1.506: 
	1.505: 
	1.504: 
	1.503: 
	1.502: 
	1.501: 
	1.500: 
	1.499: 
	1.498: 
	1.497: 
	1.496: 
	1.495: 
	1.494: 
	1.493: 
	1.492: 
	1.491: 
	1.490: 
	1.489: 
	1.488: 
	1.487: 
	1.486: 
	1.485: 
	1.484: 
	1.483: 
	1.482: 
	1.481: 
	1.480: 
	1.479: 
	1.478: 
	1.477: 
	1.476: 
	1.475: 
	1.474: 
	1.473: 
	1.472: 
	1.471: 
	1.470: 
	1.469: 
	1.468: 
	1.467: 
	1.466: 
	1.465: 
	1.464: 
	1.463: 
	1.462: 
	1.461: 
	1.460: 
	1.459: 
	1.458: 
	1.457: 
	1.456: 
	1.455: 
	1.454: 
	1.453: 
	1.452: 
	1.451: 
	1.450: 
	1.449: 
	1.448: 
	1.447: 
	1.446: 
	1.445: 
	1.444: 
	1.443: 
	1.442: 
	1.441: 
	1.440: 
	1.439: 
	1.438: 
	1.437: 
	1.436: 
	1.435: 
	1.434: 
	1.433: 
	1.432: 
	1.431: 
	1.430: 
	1.429: 
	1.428: 
	1.427: 
	1.426: 
	1.425: 
	1.424: 
	1.423: 
	1.422: 
	1.421: 
	1.420: 
	1.419: 
	1.418: 
	1.417: 
	1.416: 
	1.415: 
	1.414: 
	1.413: 
	1.412: 
	1.411: 
	1.410: 
	1.409: 
	1.408: 
	1.407: 
	1.406: 
	1.405: 
	1.404: 
	1.403: 
	1.402: 
	1.401: 
	1.400: 
	1.399: 
	1.398: 
	1.397: 
	1.396: 
	1.395: 
	1.394: 
	1.393: 
	1.392: 
	1.391: 
	1.390: 
	1.389: 
	1.388: 
	1.387: 
	1.386: 
	1.385: 
	1.384: 
	1.383: 
	1.382: 
	1.381: 
	1.380: 
	1.379: 
	1.378: 
	1.377: 
	1.376: 
	1.375: 
	1.374: 
	1.373: 
	1.372: 
	1.371: 
	1.370: 
	1.369: 
	1.368: 
	1.367: 
	1.366: 
	1.365: 
	1.364: 
	1.363: 
	1.362: 
	1.361: 
	1.360: 
	1.359: 
	1.358: 
	1.357: 
	1.356: 
	1.355: 
	1.354: 
	1.353: 
	1.352: 
	1.351: 
	1.350: 
	1.349: 
	1.348: 
	1.347: 
	1.346: 
	1.345: 
	1.344: 
	1.343: 
	1.342: 
	1.341: 
	1.340: 
	1.339: 
	1.338: 
	1.337: 
	1.336: 
	1.335: 
	1.334: 
	1.333: 
	1.332: 
	1.331: 
	1.330: 
	1.329: 
	1.328: 
	1.327: 
	1.326: 
	1.325: 
	1.324: 
	1.323: 
	1.322: 
	1.321: 
	1.320: 
	1.319: 
	1.318: 
	1.317: 
	1.316: 
	1.315: 
	1.314: 
	1.313: 
	1.312: 
	1.311: 
	1.310: 
	1.309: 
	1.308: 
	1.307: 
	1.306: 
	1.305: 
	1.304: 
	1.303: 
	1.302: 
	1.301: 
	1.300: 
	1.299: 
	1.298: 
	1.297: 
	1.296: 
	1.295: 
	1.294: 
	1.293: 
	1.292: 
	1.291: 
	1.290: 
	1.289: 
	1.288: 
	1.287: 
	1.286: 
	1.285: 
	1.284: 
	1.283: 
	1.282: 
	1.281: 
	1.280: 
	1.279: 
	1.278: 
	1.277: 
	1.276: 
	1.275: 
	1.274: 
	1.273: 
	1.272: 
	1.271: 
	1.270: 
	1.269: 
	1.268: 
	1.267: 
	1.266: 
	1.265: 
	1.264: 
	1.263: 
	1.262: 
	1.261: 
	1.260: 
	1.259: 
	1.258: 
	1.257: 
	1.256: 
	1.255: 
	1.254: 
	1.253: 
	1.252: 
	1.251: 
	1.250: 
	1.249: 
	1.248: 
	1.247: 
	1.246: 
	1.245: 
	1.244: 
	1.243: 
	1.242: 
	1.241: 
	1.240: 
	1.239: 
	1.238: 
	1.237: 
	1.236: 
	1.235: 
	1.234: 
	1.233: 
	1.232: 
	1.231: 
	1.230: 
	1.229: 
	1.228: 
	1.227: 
	1.226: 
	1.225: 
	1.224: 
	1.223: 
	1.222: 
	1.221: 
	1.220: 
	1.219: 
	1.218: 
	1.217: 
	1.216: 
	1.215: 
	1.214: 
	1.213: 
	1.212: 
	1.211: 
	1.210: 
	1.209: 
	1.208: 
	1.207: 
	1.206: 
	1.205: 
	1.204: 
	1.203: 
	1.202: 
	1.201: 
	1.200: 
	1.199: 
	1.198: 
	1.197: 
	1.196: 
	1.195: 
	1.194: 
	1.193: 
	1.192: 
	1.191: 
	1.190: 
	1.189: 
	1.188: 
	1.187: 
	1.186: 
	1.185: 
	1.184: 
	1.183: 
	1.182: 
	1.181: 
	1.180: 
	1.179: 
	1.178: 
	1.177: 
	1.176: 
	1.175: 
	1.174: 
	1.173: 
	1.172: 
	1.171: 
	1.170: 
	1.169: 
	1.168: 
	1.167: 
	1.166: 
	1.165: 
	1.164: 
	1.163: 
	1.162: 
	1.161: 
	1.160: 
	1.159: 
	1.158: 
	1.157: 
	1.156: 
	1.155: 
	1.154: 
	1.153: 
	1.152: 
	1.151: 
	1.150: 
	1.149: 
	1.148: 
	1.147: 
	1.146: 
	1.145: 
	1.144: 
	1.143: 
	1.142: 
	1.141: 
	1.140: 
	1.139: 
	1.138: 
	1.137: 
	1.136: 
	1.135: 
	1.134: 
	1.133: 
	1.132: 
	1.131: 
	1.130: 
	1.129: 
	1.128: 
	1.127: 
	1.126: 
	1.125: 
	1.124: 
	1.123: 
	1.122: 
	1.121: 
	1.120: 
	1.119: 
	1.118: 
	1.117: 
	1.116: 
	1.115: 
	1.114: 
	1.113: 
	1.112: 
	1.111: 
	1.110: 
	1.109: 
	1.108: 
	1.107: 
	1.106: 
	1.105: 
	1.104: 
	1.103: 
	1.102: 
	1.101: 
	1.100: 
	1.99: 
	1.98: 
	1.97: 
	1.96: 
	1.95: 
	1.94: 
	1.93: 
	1.92: 
	1.91: 
	1.90: 
	1.89: 
	1.88: 
	1.87: 
	1.86: 
	1.85: 
	1.84: 
	1.83: 
	1.82: 
	1.81: 
	1.80: 
	1.79: 
	1.78: 
	1.77: 
	1.76: 
	1.75: 
	1.74: 
	1.73: 
	1.72: 
	1.71: 
	1.70: 
	1.69: 
	1.68: 
	1.67: 
	1.66: 
	1.65: 
	1.64: 
	1.63: 
	1.62: 
	1.61: 
	1.60: 
	1.59: 
	1.58: 
	1.57: 
	1.56: 
	1.55: 
	1.54: 
	1.53: 
	1.52: 
	1.51: 
	1.50: 
	1.49: 
	1.48: 
	1.47: 
	1.46: 
	1.45: 
	1.44: 
	1.43: 
	1.42: 
	1.41: 
	1.40: 
	1.39: 
	1.38: 
	1.37: 
	1.36: 
	1.35: 
	1.34: 
	1.33: 
	1.32: 
	1.31: 
	1.30: 
	1.29: 
	1.28: 
	1.27: 
	1.26: 
	1.25: 
	1.24: 
	1.23: 
	1.22: 
	1.21: 
	1.20: 
	1.19: 
	1.18: 
	1.17: 
	1.16: 
	1.15: 
	1.14: 
	1.13: 
	1.12: 
	1.11: 
	1.10: 
	1.9: 
	1.8: 
	1.7: 
	1.6: 
	1.5: 
	1.4: 
	1.3: 
	1.2: 
	1.1: 
	1.0: 
	anm0: 
	0.511: 
	0.510: 
	0.509: 
	0.508: 
	0.507: 
	0.506: 
	0.505: 
	0.504: 
	0.503: 
	0.502: 
	0.501: 
	0.500: 
	0.499: 
	0.498: 
	0.497: 
	0.496: 
	0.495: 
	0.494: 
	0.493: 
	0.492: 
	0.491: 
	0.490: 
	0.489: 
	0.488: 
	0.487: 
	0.486: 
	0.485: 
	0.484: 
	0.483: 
	0.482: 
	0.481: 
	0.480: 
	0.479: 
	0.478: 
	0.477: 
	0.476: 
	0.475: 
	0.474: 
	0.473: 
	0.472: 
	0.471: 
	0.470: 
	0.469: 
	0.468: 
	0.467: 
	0.466: 
	0.465: 
	0.464: 
	0.463: 
	0.462: 
	0.461: 
	0.460: 
	0.459: 
	0.458: 
	0.457: 
	0.456: 
	0.455: 
	0.454: 
	0.453: 
	0.452: 
	0.451: 
	0.450: 
	0.449: 
	0.448: 
	0.447: 
	0.446: 
	0.445: 
	0.444: 
	0.443: 
	0.442: 
	0.441: 
	0.440: 
	0.439: 
	0.438: 
	0.437: 
	0.436: 
	0.435: 
	0.434: 
	0.433: 
	0.432: 
	0.431: 
	0.430: 
	0.429: 
	0.428: 
	0.427: 
	0.426: 
	0.425: 
	0.424: 
	0.423: 
	0.422: 
	0.421: 
	0.420: 
	0.419: 
	0.418: 
	0.417: 
	0.416: 
	0.415: 
	0.414: 
	0.413: 
	0.412: 
	0.411: 
	0.410: 
	0.409: 
	0.408: 
	0.407: 
	0.406: 
	0.405: 
	0.404: 
	0.403: 
	0.402: 
	0.401: 
	0.400: 
	0.399: 
	0.398: 
	0.397: 
	0.396: 
	0.395: 
	0.394: 
	0.393: 
	0.392: 
	0.391: 
	0.390: 
	0.389: 
	0.388: 
	0.387: 
	0.386: 
	0.385: 
	0.384: 
	0.383: 
	0.382: 
	0.381: 
	0.380: 
	0.379: 
	0.378: 
	0.377: 
	0.376: 
	0.375: 
	0.374: 
	0.373: 
	0.372: 
	0.371: 
	0.370: 
	0.369: 
	0.368: 
	0.367: 
	0.366: 
	0.365: 
	0.364: 
	0.363: 
	0.362: 
	0.361: 
	0.360: 
	0.359: 
	0.358: 
	0.357: 
	0.356: 
	0.355: 
	0.354: 
	0.353: 
	0.352: 
	0.351: 
	0.350: 
	0.349: 
	0.348: 
	0.347: 
	0.346: 
	0.345: 
	0.344: 
	0.343: 
	0.342: 
	0.341: 
	0.340: 
	0.339: 
	0.338: 
	0.337: 
	0.336: 
	0.335: 
	0.334: 
	0.333: 
	0.332: 
	0.331: 
	0.330: 
	0.329: 
	0.328: 
	0.327: 
	0.326: 
	0.325: 
	0.324: 
	0.323: 
	0.322: 
	0.321: 
	0.320: 
	0.319: 
	0.318: 
	0.317: 
	0.316: 
	0.315: 
	0.314: 
	0.313: 
	0.312: 
	0.311: 
	0.310: 
	0.309: 
	0.308: 
	0.307: 
	0.306: 
	0.305: 
	0.304: 
	0.303: 
	0.302: 
	0.301: 
	0.300: 
	0.299: 
	0.298: 
	0.297: 
	0.296: 
	0.295: 
	0.294: 
	0.293: 
	0.292: 
	0.291: 
	0.290: 
	0.289: 
	0.288: 
	0.287: 
	0.286: 
	0.285: 
	0.284: 
	0.283: 
	0.282: 
	0.281: 
	0.280: 
	0.279: 
	0.278: 
	0.277: 
	0.276: 
	0.275: 
	0.274: 
	0.273: 
	0.272: 
	0.271: 
	0.270: 
	0.269: 
	0.268: 
	0.267: 
	0.266: 
	0.265: 
	0.264: 
	0.263: 
	0.262: 
	0.261: 
	0.260: 
	0.259: 
	0.258: 
	0.257: 
	0.256: 
	0.255: 
	0.254: 
	0.253: 
	0.252: 
	0.251: 
	0.250: 
	0.249: 
	0.248: 
	0.247: 
	0.246: 
	0.245: 
	0.244: 
	0.243: 
	0.242: 
	0.241: 
	0.240: 
	0.239: 
	0.238: 
	0.237: 
	0.236: 
	0.235: 
	0.234: 
	0.233: 
	0.232: 
	0.231: 
	0.230: 
	0.229: 
	0.228: 
	0.227: 
	0.226: 
	0.225: 
	0.224: 
	0.223: 
	0.222: 
	0.221: 
	0.220: 
	0.219: 
	0.218: 
	0.217: 
	0.216: 
	0.215: 
	0.214: 
	0.213: 
	0.212: 
	0.211: 
	0.210: 
	0.209: 
	0.208: 
	0.207: 
	0.206: 
	0.205: 
	0.204: 
	0.203: 
	0.202: 
	0.201: 
	0.200: 
	0.199: 
	0.198: 
	0.197: 
	0.196: 
	0.195: 
	0.194: 
	0.193: 
	0.192: 
	0.191: 
	0.190: 
	0.189: 
	0.188: 
	0.187: 
	0.186: 
	0.185: 
	0.184: 
	0.183: 
	0.182: 
	0.181: 
	0.180: 
	0.179: 
	0.178: 
	0.177: 
	0.176: 
	0.175: 
	0.174: 
	0.173: 
	0.172: 
	0.171: 
	0.170: 
	0.169: 
	0.168: 
	0.167: 
	0.166: 
	0.165: 
	0.164: 
	0.163: 
	0.162: 
	0.161: 
	0.160: 
	0.159: 
	0.158: 
	0.157: 
	0.156: 
	0.155: 
	0.154: 
	0.153: 
	0.152: 
	0.151: 
	0.150: 
	0.149: 
	0.148: 
	0.147: 
	0.146: 
	0.145: 
	0.144: 
	0.143: 
	0.142: 
	0.141: 
	0.140: 
	0.139: 
	0.138: 
	0.137: 
	0.136: 
	0.135: 
	0.134: 
	0.133: 
	0.132: 
	0.131: 
	0.130: 
	0.129: 
	0.128: 
	0.127: 
	0.126: 
	0.125: 
	0.124: 
	0.123: 
	0.122: 
	0.121: 
	0.120: 
	0.119: 
	0.118: 
	0.117: 
	0.116: 
	0.115: 
	0.114: 
	0.113: 
	0.112: 
	0.111: 
	0.110: 
	0.109: 
	0.108: 
	0.107: 
	0.106: 
	0.105: 
	0.104: 
	0.103: 
	0.102: 
	0.101: 
	0.100: 
	0.99: 
	0.98: 
	0.97: 
	0.96: 
	0.95: 
	0.94: 
	0.93: 
	0.92: 
	0.91: 
	0.90: 
	0.89: 
	0.88: 
	0.87: 
	0.86: 
	0.85: 
	0.84: 
	0.83: 
	0.82: 
	0.81: 
	0.80: 
	0.79: 
	0.78: 
	0.77: 
	0.76: 
	0.75: 
	0.74: 
	0.73: 
	0.72: 
	0.71: 
	0.70: 
	0.69: 
	0.68: 
	0.67: 
	0.66: 
	0.65: 
	0.64: 
	0.63: 
	0.62: 
	0.61: 
	0.60: 
	0.59: 
	0.58: 
	0.57: 
	0.56: 
	0.55: 
	0.54: 
	0.53: 
	0.52: 
	0.51: 
	0.50: 
	0.49: 
	0.48: 
	0.47: 
	0.46: 
	0.45: 
	0.44: 
	0.43: 
	0.42: 
	0.41: 
	0.40: 
	0.39: 
	0.38: 
	0.37: 
	0.36: 
	0.35: 
	0.34: 
	0.33: 
	0.32: 
	0.31: 
	0.30: 
	0.29: 
	0.28: 
	0.27: 
	0.26: 
	0.25: 
	0.24: 
	0.23: 
	0.22: 
	0.21: 
	0.20: 
	0.19: 
	0.18: 
	0.17: 
	0.16: 
	0.15: 
	0.14: 
	0.13: 
	0.12: 
	0.11: 
	0.10: 
	0.9: 
	0.8: 
	0.7: 
	0.6: 
	0.5: 
	0.4: 
	0.3: 
	0.2: 
	0.1: 
	0.0: 


