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Last time: looked at Cepheid Variable
stars as standard candles.
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What ARE cepheid variables?

Massive, off-main sequence stars: at a
certain stage between main sequence and
red supergiant they are unstable and
pulsate. It turns out that pulsation is
dependent on the underlying luminosity
of the star (outward pressure)
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Cepheid Variable stars show a period
luminosity relationship.

J

If we observe a cepheid 10 PERIOD - LUMINOSITY RELATIONSHIP
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Cepheid Variables aren’t the only standard candles in the Universe:
Meet the MUCH brighter and much more rare Type la supernovae / White Dwarf Supernovae
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Overview of the the Cosmic Distance
Ladder
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Key points about the cosmic distance ladder:

** Each step is reliant upon good calibration of the step
below (on smaller scales). For example, we couldn’t use
cepheid variables at all if we couldn't first measure
parallax distances to a few cepheids.

** Overlap is needed
** Any distance measurement made far away is only as

good as the worst distance measurement it relies on
lower In the chain.
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In the 1920s, these guys were busy
trying to measure the distance to
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€ \What does this shift tell us?
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>

energy output

the galaxy composition is different than initially thought
the galaxy is moving away from us
the galaxy is moving towards us
the galaxy is made up of billions of stars
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And slowly the measurements were compiled...
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FIGURE 1 |

Velocity-Distance Relation among Extra-Galactic Nebulae.




Where are these galaxies located in the sky?
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Where are these galaxies located in the sky?

Galaxies further away from us are speeding
away from us faster than those closer to us:

the Universe Is Expanding

EVERYWHERE (WOAH)



Let’s think about this whole expanding
Universe thing. Why isn’t this just
something going on with our point of view?



(Redshift)
“‘Doppler” Velocity

€)
(b)

Hubble’s Law

galaxies are mostly receding away from us,
the velocity of their recession is proportional
to their distance from us.

Distance



(Redshift)

Work through the following with your groups...

A Hubble Plot
> 1. Imagine the Hubble plot at right represents a universe that doubles in size
S over a certain amount of time. Which of the Hubble plots below might
g; represent a Universe that triples in size over the same amount of time?
fo .
Q
Q
O
A

Distance

(Redshift)
Doppler Velocity
(Redshift)
Doppler Velocity

Distance Distance

2. The expansion rate of the Universe determines how fast the universe increases in size with time. For example, a
universe that is tripling in size has a faster expansion rate than a universe that is doubling in size over the same
amount of time. In a Hubble plot, what quantity represents the expansion rate of the Universe?

3. From the plot in the upper left, would you say the Universe has a constant expansion rate, an increase or a
decreasing expansion rate with time?

4. Rank the three plots above from fastest (1) to slowest (3) expansion rates.

5. If the expansion rate had been faster than measured, would the Universe have reached its current size earlier in its
history or later?

6. Using your answers from #4 and #5, rank the three plots above from youngest (1) to oldest (3) Universe.

Learning Catalytics Question: On the -
blank graph at right, draw a Hubble plot lc
for which the expansion rate of the
Universe is zero (i.e. no expansion).
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An expanding Universe implies a Big Bang.




An expanding Universe implies a Big Bang.
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Answer to learning
catalytics question.
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Answer to learning
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Expanding slowly Expanding Expanding quickly
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The slope of this line is called the HUBBLE CONSTANT,
describes the expansion rate of the Universe.
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Question 13 Now sketch what you think
you might see for a Universe
where the expansion rate

= increases throughout the
§ lifetime of the Universe.
______ > -
distance 1 c
Expanding Contracting
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Recall from Lecture #177?

billions of.years!

~13.8 billion years?

LIGHT is what we measure in the Universe,
and its speed is finite and fixed: 3 x10° m/s

THE FURTHER AWAY THINGS ARE THE LONGER
IT TOOK THAT LIGHT TO REACH US.
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