Observables

» So far we have talked about the Universe’s
dynamic evolution with two Observables
— a —the scale factor (tracked by redshift)
—t—time

So a cosmological test would be to compare age
with redshift.

But cosmic clocks are in short supply.

First Go at Hubble Law
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Objects which have an apparent velocity
proportional to their distance. The Hubble Law.

Somewhat tricky use of v here, which is not really
A velocity, but rather a redshift.
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When light is emitted from a object, its wavelength is
represents the time interval between the wavelength
peaks.
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Origin of Redshift

Massless particles (e.g. photons)
travel on geodesics in GR — e.g.

ds” = 0 for all massless particles
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S(r) represents a comoving coordinate — it is
invariant as the Universe expands
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;: e Definition of the Redshift

A, Emitted wavelength of light (rest frame)

A, Observed wavelength of light (Observer's frame)
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Light is redshifted!

As the Universe Expands,
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he wavelength of light increases as it

travels through the expanding Universe -
“Redshift”

The longer the light has been travelling, the
more it's Redshifted — Not a Doppler Shift!
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Luminosity Distance

* We observe the Universe via luminous objects. How
bright they appear as a function of redshift is a
fundamental observable.

f= 4/_;2 inverse square law for light in Euclidean Universe
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Imagine we have a monochromatic bit of light
Emitted in all direction. How bright will it appear
As a function of distance
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» Observed flux is Luminosity spread out over
the surface area of a sphere with radius of
the proper distance. 2
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But! There is time dilation — photons arrive more
slowly (same idea of redshift) as scale factor changes

But! There is energy dimunition.Wavelength increases...So E
per photon diminished.

Add two factors of a/a,



Angular Size Distance...

How big does a rod (of length |) look as a function
of distance?

AB= é for Euclidean
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True as derived here for flat Universe
But always true!
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Move to observable space...
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Deceleration Parameter.
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