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2.1 The Hubble expansion 35

Table 2.1 f'\.pl]rl}'\ﬂ[[l e sizes and masses in the universe
(1 parsec = | po = 3.09 x 10'% m = 3.26 lightyears)

— Jﬁ'{‘rﬂ i]f‘:é‘,f‘rLil nG

Radius Mass

Sun 7 % 10° m 2 % 10% kg = Mg FEL’L!LI LlE. /)thu'.)fu, )

Galaxy 15 kpe 10 Mg
Cluster 5 Mipe 10 M
Supercluster S0 Mpe 104 Mg
Universe 4500 Mpc 10 Mg

Hy=T2kms" Mpe™

1
Fig. 2.3 Log-log plot of distance versus red-
shift, for small redshifis, z < 0.1, The paints
for z = 0.01 are from Cepheid varinbles
{open circles), and those of higher z (full
circles) inelude results from Type I and Type
11 supernovae. The straight line is that for the
Hubble parameter Hy = 72 kms™' Mpe™!
(after Freedman ef al. 2001). The absolute
distance scale has been established by paral-
lix measurements of nearby sources, working
0.001 0.01 0.10 out to lurper distances, eventually reaching the
Ei—— nearest Cephicids.

I iMpe)

In fact astronomers use a logarithmic scale of luminosity, called magnitude,
'; running (perversely) from small values of magnitude for the brightest stars
" 1o large values for the faintest. The defining relation between the apparent
: -mﬂgniludc m(z) at redshifi z, the so-called absolute magnitude M (equal to the
 value that m would have at Dy = 10 pc) and the distance Dy in Mpc, is given

qll
' 1. bj.-' the distance madulus
gh miz)—M =5log)y Dp(z) +25 (2.3)
~ 10000 " In the Hubble diagram, (m — M) or log,, Dy is plotted against logyg z.

A modemn version of the Hubble plot at small redshifts is shown in Fig. 2.3,
for events of ¢ < .1. The various sources in this plot include, for example,
‘Cepheid variable stars for z < 0.01, and Type Ta and Type I supermovae for
" higher redshifis. Cepheid variables can be used as ‘standard candles’, since
& they vary in luminosity due to oscillations of the envelope, the period t being
= determined by the time for sound waves to cross the stellar material—r oc L%,
. Supernovae, discussed in Chapter 7, signal the death throes of stars in the final
“stages of evolution, and when they occur, their light output for a time—typically

= weeks or even months—can completely dominate that from the local galaxy.
by the stal . $:"__SD. in principle, they are useful for probing out to large distances and redshifis,
’ - or equivalently, back to earlier times. The absolute distance scale to the thirty
] 01 50 nearest spiral galaxies where a few Type Ia or Type 11 supernovae have
- oecurred, has been established by observations on Cepheid variables, and this
"PFG"-"ldBi a means of calibrating supernova luminosity,

luminosity,
d from the &
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