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How old is the univ erse
and the things in it?

Everythingastronomergdo is basedon
bootstrappingour way up

Example:knowledgeabout

Eath
- Sun
I Other Stars
I Star Clusters
- Our Galaxy




Modelsof the Sunindicateit is 4.5 billion
yeas old.

However,this ageis mainly xed by the ageof
the Earth

geologistshavedeterminedthe Eath's ageto
be 4.5 billion yeas

astronomerausethis information to calibrate
their modelsof the evolutionof the Sun




Thereis feedbackin the other direction, too:

Modelsindicate the Sunis about 30%
brighter than it was 4 billion yeas ago

Geologistdhavefound the Eath's
temperatureto be roughly constantoverthat
time span

I Geologistdhavea little problem




Back to the Sun. ..

Physicsin sola modelsis calibrated againstthe
present-dg Sun. We match

Age
Luminosiy
Radius
Mass

But we haveevenmore information on the Sun
than this, because..




The Sun Pulsates

In thousandsof modessimultaneouslyactually

The study of the pulsationmodesof the Sunis
called\Helioseismology"




The soundwavespropagatethrough the Sunthe
sameway eathquakesdo through the Eath:




By analyzingthesethousandsof frequenciesye
canlean about the Sun'sinterior structure. We
call this doing\inversions":

soundspeedas a function of depth (accurate
to 0.5%)

di erential rotation with depth

di usion/settling of elementsseento occur

temperature of care can be more accurately
iInferred




It's amazing to see
the resultsof a rotational inversion

Inner part rotates as a solid body

outer part rotatesdi erentially:
equata is fasterthan the poles




Besides the prett y pictures, why
IS helioseismology imp ortan t?

Temperatureat centerimportant for
sola neutrino problem

Heliumdi usion a ects Globula Clusterages
(including He di usion reducesthe inferred
agesby 10%: 1.5 Gyrs)

Di erential rotation in Sunmay be a clueto
its internal magnetic eld or large-scaleuid
motions.




White Dw arf Seismology

White Dwarf stars alsopulsate
much larger amplitudes(good news)
much fainter objects(bad news)

We havebeenableto determinethat
masses 0.6 M
rotational periods 1 day

thicknessof their H and He layers




Why is this imp ortan t?

This allows us to build better models of white
dwarfs, sothat we can accuratelymodel how fast
they cool

This is important becausewhite dwarfs provide
an independentmethod of estimatingthe age of
the GalacticDisk

New concept:
White Dwarf Luminosiy Function (WDLF)

# of white dwarfs

WDLF =
parseC My




White dwarf cooling givesan age of
95 1Gyr
for the ageof the GalacticDisk

totally di erent physicsthan for M-S stars

givesan independentage estimate

Impliesthat the GalacticDisk is youngerthan
the halo by a few Gyr




What about stellar distances?

parallax for neaby stars (out to 500 pc)

the Cepheids
{ yet anothertype of pulsatingstar!
{ they are radial pulsatas




The most important thing about Cepheidgs their
Period-Luminosiy relationship:

There are two typesof Cepheids:

metal-rich, more luminous(Type 1)

metal-poor, lessluminous(Type II)




That there are two typesof Cepheidsvas not
recognizeaduntil the 1950's

This led to a systematicerra in deriveddistances

| the sizeof the universedoubledovernight!

So a carect understandingof the nature of these
stars is vitally important




Final Topic: Supernovae

Supernoval987a




The absoluteluminosity of Type la supernovae
can be inferredfrom the shape of their light
curves:

I they can be usedas distanceindicatass




The ultimate fate of the universe. .

recentvery distant supernovaemeasurements
favar the \Cosmic Antigravity" (> 0) universe

Only time will tell. ..




