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32 Astro notes 2018/11/12 - Mon - Distance, Uni-

verse Expansion

32.1 Distance in the ”nearby” universe

There is a wide variety of distance measures of varying accuracy. You have done main
sequence fitting in your homework. Also some spectral types of stars on the main sequence
have known luminosity based on similar nearby stars. By using this to infer luminosity
based on just spectrum, this can be used to measure distance. Also the brightest red giant
stars appear to have a fixed luminosity distribution, which can be used to infer distance.

See http://en.wikipedia.org/wiki/Milky Way for spatial structure in our galaxy and
just beyond. (see the Structure and Environment sections.)

In the early 20th century, it was not known that there were other galaxies until the
distance to Andromeda was measured by measuring the Cepheid variables in it.

Cepheid variables are giant stars that vary periodically on 10-90 day timescales in a
way that is related to their brightness. (will show this shortly)

32.2 The expansion of the Universe

Once distances to galaxies could be measured it was found that the distance and recession
speed of galaxies were related:

v = H0d

where H0 is called the ”Hubble constant” or ”Hubble parameter”, which is measured to be
about 70 km/s / Mpc. The latter because it is not actually thought to be constant. The
Hubble constant is often rewritten as H0 = 100h km/s / Mpc, so that h = 0.7 is the value
quoted. Cosmological values that depend on H0 are then phrased in terms of h, since it
was historically difficult to measure, and continues to be not quite clear.

Note that this observed relation leads to the conclusion that the universe is expanding.
That is, all galaxies appear to be moving away from each other.
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http://en.wikipedia.org/wiki/Milky_Way
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This also demonstrates the cosmological principle: we are not in a special place in the
large-scale universe. The recession of galaxies that we see would also be observed from any
other galaxy.

One convenient thing about this relation is that it makes it straightforward to estimate
distance from the recession velocity

d =
v

H0

Note that this leads to a simple estimate for the age of the universe. If an object is at
the distance above, moving away at speed v, the time it took to reach that point is

∆t =
d

v
=

v/H0

v
=

1

H0

Which is called the Hubble time, and is about 14 billion years.
Another thing to keep in mind is that typically we don’t talk about galaxies ”moving

away from us” but instead discuss space expanding. This also creates a subtle distinc-
tion between Doppler shift and cosmological redshift. Cosmological redshift arises because
spacetime has expanded while the photon was in flight from its source, which is not quite
the same as having the source be moving. Much of this ambiguity is due to the equivalence
relations in relativity - by assuming that gravitational acceleration is the same as nor-
mal acceleration some dynamics get rephrased in terms of spacetime structure. Thus the
recession of galaxies is rephrased as the expansion of space, though the two are equivalent.

32.3 SNIa

Brightness-decline rate relation:

SN Ia are spectroscopically well-defined by their Si-dominated spectra at maximum
light. They then follow a relation between their peak luminosity and their decline time
that is related to how much radioactive 56Ni is produced in the explosion. This determines
the overall energy release as well as the opacity that determines how slowly that energy
can escape from the expanding ejecta.
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32.4 Extragalactic Distance Scale

Phrased as a ”ladder”. There is no single distance indicator that spans all the way from
nearby to distant galaxies. Nearby distances can be measured with parallax. However this
is only good to maybe a kpc until Gaia (except in special cases, which I will discuss one
of.)

Thought of as a ladder because each method of measurement must be used to calibrate
the next.

A modern ladder is used in Riess et al. (2016, http://adsabs.harvard.edu/abs/2016ApJ...826...56R
A summary of the ladder indicating which measurements overlap is shown in figure 10. This
is used to measure the current expansion rate of the universe, H0.

• – Parallax - used to measure distance to nearby stars - including some Cepheid
variable stars

– Cepheids - period-luminosity relationship allows measurement in galaxies nearby
enough for individual stars to be resolved. Includes some galaxies that have had
a Type Ia Supernova. (Show paper figure 3 for example of isolating Cepheid
stars)

• – Water Maser - special type of galaxy with an emission region of known size.

• Type Ia supernovae - Can be observed out to redshift 1 and somewhat beyond. But
are fairly rare and so haven’t been seen nearby.

Figure 3 shows Cepheids identified in other galaxies
Figure 4 shows light curves during each period (phase-folded).
Will continue discussion next time

http://adsabs.harvard.edu/abs/2016ApJ...826...56R
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