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istance Ladder

The Cosmological D

How do we measure the distance to the
outer reaches of the universe if we can

never go there?

Astronomers use a variety of techniques
to measure distance. The distance between
Earth and the sun has been measured quite
accurately by reflecting radar pulses off the
sun and terrestrial planets. Therefore, the
Earth-sun distance (1 AU) is a well-defined
basis for all other distance measurements. -
Measurements to stars outside, but relatively gﬁls';z e
close to, our solar system can be estimated '
with parallax, which relies on the Earth-sun distance measurement_. With Parallax '
measurements, the distance to more remote stars can be inferred using Yarl?us technlqpes
of comparing the relative brightnesses of stars. Eventually, supernovae in distant galaxies
the outermost observed objects

are compared to closer supernovae to infer the distances to
in the universe. However, each step of this distance ladder depends on the accuracy of the

2.2: Image of the Gravitational Lens In Galaxy

rung below it.

We can use the parallax method to measure the distances to nearby stars by observing their
motion against the background sky. As Earth orbits the sun, the relative position changes
between foreground stars (those that are closer to us) and background stars (those that are
farther away). The closer the foreground star, the greater the apparent shift. By using the
known distance between Earth and the sun, we can calculate the distance to a foreground
star based on the amount of shift we detect. For stars that are too far away, the shift is too
small to detect, so we can only use the parallax method for nearby stars, those up to about
150 light-years away—this includes some relatively nearby star clusters. Parallax is an
accurate measurement technique for nearby stars, but becomes less and less accurate as
we move farther from Earth due to the increasing difficulty of accurately measuring small

angles.

To measure distances to star clusters that are greater than 150 light-years awa
astronomers compare the brightness of stars in those clusters to stars inan ar);r cluster
for which they are able to calculate a distance using parallax. When e t; from the
same cluster are plotted on a Hertzsprung-Russell diagram, a graph of bbf : IS "
temperature of stars (see /nvestigating Stars for more information), mo ?ggneis On. e
main sequence—a roughly straight line running from the upper 1ef£ b st s rs‘:1 ;f e
to the lower right (cool and faint) region of the diagram, The sphq (frlght and hot) etis
the same for most clusters, but the overall brightness of the cly tpe 0- G R b ge on
the distance of the cluster. Clusters that are closer wil appear b rslg; will vary depzn lmsgters
that are farther away -will appear dimmer. By measuring how muchte[r 0;)!6.1'311, and ¢ t}lthe
main sequence of a distant cluster has to be shifted in order to matc;:fl mr;)g:':gtgfsj;; s

known cluster closer to us, astronomers can determine the distance to the far cluster. This
__.——"-‘-’/
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X Stars are at close enough distances to be resolved.
Contain Pulsating stars called Cepheid variable stars.

Since the

period of bright
absolute gh

: ness fluctuation
brightness, then

of a Cepheid variable star is an indicator of its

Cepheid variable stars haye become one of the most reliable distance indicators within
our own galaxy and for fany nearby galaxies—some of which also contain another
distance indicator called a Type 1a supernova, A Type Ia supernova is the explosive death
of a white dwarf star that has a red giant star as a binary companion. As the red giant
expands, its outer layers are gravitationally attracted to the white dwarf, so the white
dwarf increases in mass.

The structure of a white dwa
becoming a violent supernov

which means that the peak b
Ia sup

tf can only support a limited amount of mass before

a. That mass limit is exactly the same for every white dwarf,
rightness of the explosion will be the same for every Type
ernova. We can measure the apparent brightness of a Type la supernova at its

peak and compare that to the known peak brightness of these objects to calculate the
supernova’s distance.
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Figure 2-3: Diagram of Distance La

in distant galaxies to those in nearby
. ishtness of Type Ia supernovae in - :
By comparing ﬂl‘i1 ggﬁﬂﬂ e the relative distance between the closer and distant galaxies.
i e can
galaxies, W

hniques enable us to estimate the distances to some of the most distant
ether, these tec .
zgjgects in the observable universe.

@ Checking In

for measuring distance serves to measure to the most distant galaxies?
¢ ique for
1. Which techniq

that can be
i distance ladder, such as star clusters : .
2. Why must there be Dveﬂzpnigi:]h_esequeme fitting, or galaxies that contain both Cepheids
" measured by Parauaﬁ;n in order to calculate the distance to faraway objects?
mo '
and Type la sup€
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