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e Astronomical Background

e The Distance Scale and the Age of the

Universe
e Methods for Age Determination
e The Local Distance Measurements
e Large-scale Distance Measurements

e Direct Distance Determinations
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Astronomical Background

The energy flux [ received at the Earth from a
star depends on both its intrinsic Luminosity L
and its distance D

, L
/= (47TD2)

From the standard Robertson- Walker metric this
luminosity distance D for a source at z is given by

D:;iQJi@5k+W“QNJFﬁE”QJ

Alternatively, one can define the angular diameter
distance D such that a source of intrinsic size d
subtends an angle 66 = tan~'(d/D) ~ d/D

D= (14+2)"°D



2 Some Jargon and Units.

Parsec (pc) = 3.08567802(2) x 10'°m
Hubble constant Hy = 100 h km Mpc™*
Solar mass My = 1.982(2) x 10°° kg
Jansky (flux) Jy = 1072Wm™2 Hz™*
Galaxy ~ 30 kpc
~ 10 Mg
Cluster ~ 2 Mpc
~ 10 Mg
Critical density pc = 1.879 h? x 10~32kg cm™°

Q = p/pc
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Astronomers do not usually work with L and f.

fl Dl
Mo — M1 = 2.510g10 (E = -5 loglo B;

The absolute magnitude M of a star is the
apparent magnitude of a star placed absolute
magnitude @ 10 pc away

D
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The Distance Scale and the Age of

the Universe

The age of the universe is largely determined by
the rate at which it expands, and the current

value of the Hubble ‘constant’ fixes the Hubble

time

Hy' =9.78 h 'Gyr
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If the expansion did not decelerate, the Hubble
time would be the exact age of the Universe.

Manipulating the Friedmann equations one gets:

a, _ [T (A+2)7dz
Ho t”‘/o Ot 220+ Oz) — 22 + 20
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Large-scale Structure

Measurements

Using methods based on the global properties of
galaxies: Standard Candles

Ellipticals
Their brightness profiles are well fitted by

I(r) = Iyexp {—('r/ro)l/ﬂ

Another observable is the velocity dispersion o,

Empirically these three observables are closely
correlated, with the ellipticals lying on the

fundamental plane:

| s 4—4a ya—1
L x o, 1
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Spirals

There is a very similar relation for spiral galaxies.
The correlation is now between a measure of the
luminosity and a measured rotational velocity of
the spiral v,

s
L x v,

known as the Tully-Fisher relation.
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Intermediate Distances

e T-F to measure relative distances between
Virgo and more nearby galaxies

e HST to look for Cepheid variable stars.

e Surface-Brightness Fluctuations The
brightness presents fluctuations (white noise)
caused by the discreteness of the image.

2
MEAN NUMER OF STARS N =n (bfe) F=Nf =
FLUX PER STAR f=t] (472}
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