
PHYS 2013/2913/2923 
Astrophysics	&	Cosmology 
 
 
Tutorial 4 – Joss Bland-Hawthorn 

Most of this is revision, in response to nice questions 
emailed to me. I will focus on easy ways to derive the 
cosmological formulae, e.g. distances, ages. 



Jeans instability, mass, length 
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Heavy elements in stars, fallback 

Nuclear fusion leads to onion 
rings in evolving stars… 
 
It stops at Fe because the 
binding energy per nucleon is 
at its peak. 
 
The star collapses since 
nothing holding it up, big 
bounce, supernova ! 
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You can see now that when the bounce and explosion happens, the innermost shells  
are the ones that fall back (heavier elements) – evidence of black holes in first stars.  
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Einstein – de Sitter universe 
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These are what we solve for P, a, ε 

Equations: how do we compute ages, etc. 
(to get some confidence, start with empty case) 
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What about an empty Universe? 
(the algebra is really easy for all quantities) 

Empty κ < 0 Universe 
(Milne Universe) that 
can expand or contract 

è 
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Null geodesic 
followed by light 
from then till now 

What about an empty Universe? 
(the algebra is really easy for all quantities) 
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AMAZING CONCLUSION: 
 
We are revisiting the CMB discussion from a few lectures ago. 
 
Objects with much higher redshifts are seen as they were very early in the 
history of the Universe, when their proper distance dP(te) from the 
observer was very small. The photon’s geodesic is moving through a 
space-time that is being stretched rapidly. 
 
e.g. CMB 
 
dP(te) = 13 Mpc 
dP(t0) = 13,000 Mpc 
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The next easiest is a spatially flat (κ = 0), 
single component (w) Universe 

Easy to show 
solution (w≠-1) 

These all follow from simple substitution 
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Einstein - de Sitter Universe 
Non-relativistic matter, w=0 Radiation, w=+1/3 
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w = 0 

w = +1/3 

For completeness 
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The next easiest is a spatially flat (κ = 0), 
single component (w) Universe, Lambda case 

Constant with time 

Recall we covered the age of a Lambda Universe in an earlier 
lecture, where t0 = 0.955/H0 = 13.74 Gyr (H0 = 68 km/s/Mpc), 
dH(t0) = 3.20c/H0 = 3.35ct0 = 14000 Mpc (student question). 
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The most general case with mixed models: you 
just get long, complicated expressions. 

Curvature term 

You can get to most equations from here… 
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