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What amount of matter would result in
a flat matter dominated universe? Starting
with

3
a
a*=—3 7w G (225 ke
Seta=a0,
kCz__§7TG (CZ.O)2
a02 3 pO ao
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Recall that H= a
a

So now we get that

3H”

(0]

~8nG

Pc

Where p_1is the critical density.
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For a Hubble constant of 71 km/s/Mpc

we find that
p =~ 9x10™ gm/cm”.

We often talk about densities relative
to the critical density

Includes all
0 _P sources
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What about the evolution of the
scale factor? If we assume a flat
universe we have

1
2

a:—%ﬂG(poag)a_

Integrating once
1

| azda:f Adt

2/3

a=(5A) 23
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With this in hand we can now find the
predicted age of the universe

2 a3/2 2 a3/2
3 A 3 aal’?

L =

Assuming that the Hubble constant is
70 km/s/Mpc we find that the age of the
Universe should be 9.3 Gyr.
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Globular Cluster
47 Tucanae

Graund = AAT

FARA sl I Gulldasdd |STSel}
L b B B

it e

ot lI-I ] e L

Hub:bie Space Tolescopa = WEPC




o

0.0 1.0
Surface calor

Fig. 2. A schematic color-magnitude diagram for a typical globular cluster
(33) showing the location of the principal stellar evolutionary sequences.
This diagram plots the visible luminosity of the star jmeasured in magni-
tudes) as a function of the surface color of the star (measured in B-Y
magnitude). Hydrogen-burning stars on the main sequence eventually ex-
haust the hydrogen in their cores (main sequence turnoff ). After this, stars
generate energy through hydrogen fusion in a shell surrounding an inert
kv drogen core. The surface of the star expands and cools (red giant branch).
Eventually the helium core becomes so hot and dense that the star ignites
helium fusion in its core (horizontal branch]. A subclass is unstable to radial
pulsations (RR Lyrae). When a typical globular cluster star exhausts its
supply of helivm, and fusion processes cease, it evolves to become a white
dwarf.
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Isochrones
LO Gy
— — — - 2D Gyr
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e aficeis of e chiiftisioel
o theoretical iSeochromnes
(Cazigayes 1997

Diffusive
{m=M), = 14.80
E(B-V) =0.02

[OfFe} = 0.0
14, 16, 18, 20 Gyr

13, 15, 17, 19 Gyr
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47 Tuc

E(B—V) = 0.04 ~ -
6(v—y) = +0.030 Cietuniclzioll, Sitetsoyn

Ages 12, 13, 14Gyr n Se MNpelgesan (2002)

[Fe/H] = —0.71

(m=M),= 13.33°

0.6 0.8 1.2 1.4
(v—y) Physics o5 Eall 201k










Krauss & Chaboyer 2003
Best fit age 13.2 +/- 1.5 Gyr

Lower Limits

95% CL: 10.4 Ga
| 90% CL: 10.8 Ga
. lIII|||||| |‘|‘|“|||‘|IIIIII|II|.-.- -
10 12 14 16 18

Age (Ga
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Coolisie] of Welite [PAyyeigis €0l

We will assume that WD's have no internal heat sources
or sinks so

L = - dE(t)/dt, If the energy is just internal heat

capacity of a non-relativistic degenerate gas then we
can show

dTl dt

We can rewrite this as

L. — i -5/7

cool
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Weiite Diyeiet goelinle)

C-0 core WD

Prada Veronic:s
Q), Sipgeroieso) 2009
ASEA

.
Age [Gvr]
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White Dwarfs in
M4 ~123 orbits of
HST time and
reaches a limiting
magnitude of

V=30!
HET .+ Cea g |
White Dwarf Stars in Globular Cluster M4 HST WFPC2
MASA and H Richer (University of British Columbia) STScl-PRC02-10 i =
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0.5 1.0 ; 04 06 0.8

(1 pagen— 1T pien) s I posie)

5% primordial binaries
30% DB, x=-0.95
A,=1.2, (m—M)pgeey=12.68
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FhrandsUrabimdances
oi C3 1 082-00
Erll et el (2002

b

log €(U)=none,-2.02,-1.92,—-1.82
| | |

*3858.5 3859 38595 3860  3860.5

3859.2 3859.4 3859.6 3859.8
A (R A (R Physics 315y Ealls 201,
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CHRONOMETRIC AGE ESTIMATES FOR BD +17°3248

Age
Chronometer Pair Predicted  Observed  (Gyr) Solar®

0.507 0.309 100 04615
0.0909 0.03113 217 0.0646
0.0234 0.0141 103 0.0323
1.805 7413 >134 232
0.05036 0.0045 =155 0.0369
0.013 0.0019 >124  0.01846
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Wercan alson ook ar CIStamD
Galaxie’s

9,0, =0:05)0

O O=0125018

O, =10

For 00 =005 0, 5l =70):
slgja=12.5 CVr

For X, =10, 5l =70
zlcja=9.5 Civ/r

For 0,00 =0.2,0.8, 5l =70

slcja=115,02 GV

00 20807, wl =70
zlcle=115.4¢ Gyr
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10 100
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- 1 I | k

0.2

E(B-V)

Suellai peplilarien
elefeis o Lyinlelel

Birgeltic Crallepaies
Shiapleyaeiral (Z00H

Wieelizin zlefa=82010ye
20% = | Cyye
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