Kinematics of the Universe

* Robertson-Walker metric
* Metrical Tests

* Distance and Volume

* Time

* Velocity

* Acceleration

* Jerk.



Fundamentals

* [sotropy => homogeneity

* Cosmic time t

x Scale factor a(t )=1

* Symmetry=> Robertson-Walker metric
ds’=dt’—a(t)|dr’+d(r)’(d6’+sin’0d ¢°)]
*  radius”r

* “(Comoving angular diameter) distance” d(r)



Maximally Symmetric 3-spaces

a dr X

r r

d(r+dr)ex—d(r—dr)ax=dr p
d(2rie=d(r)p
d(2r)=2d (r)d ' (r)

x =>d(r)=r, ‘J{Osin(ﬁ)r/‘J{O.



Distances

/

Angular diameter distance
dA=X(then)/ o (now)

=d a(t)

—— a \X
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Luminosity distance
d =[L(then)/4TEF (now)] 12,

Allow for redshift of photon energy, rate
d =d/a(t)




Distance Measurement
* Parallax(Hipparcos) to 100pc

* LMC main sequence fitting and SN1987a rings— 50Kpc
* Virgo cluster etc Cepheids (L ~ P"”)15 Mpc

x Fisher-Tully for spirals (L ~ V !)

x Type [a SN, L ~ 5 10° L ; correct for rate of decline

* Type 11 supernova; modified black body formula with R=1t

* Surface brightness fluctuations Systematic Errors!



