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Observational Tests

• Luminosity-redshift relation 

• Angular size-redshift relation 

• Number-redshift relation 

• Number-magnitude relation 

• Tolman test

Five Classic Tests
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Source counts with redshift

Source counts with magnitude

Surface brightness not distance independent  
in Robertson-Walker geometry



Hubble Ultra Deep Field 

3’ x 3’
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in terms of the proper distance

we can make the Taylor expansion
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Note that the volume increases as the curvature becomes more negative, 
so a closed universe is “small” 
and an open universe is “big”

k
R2

is the curvature 
of space

Sandage (1988, ARA&A, 26, 561)



Euclidean



A portion of the Hubble Ultra Deep Field at full resolution



Since the volume depends on curvature, source counts provide a test

Historically, radio source counts in the 1960s played an important role in excluding the Steady State cosmology.

For sources of luminosities L and constant comoving number density ,Φ(L)
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Euclidean



Flat No cosmological constant

Peebles 13.8



Metcalfe et al. (1996)Number-magnitude:

A “no evolution” model extrapolates 
the locally measured Schechter 

function to high redshift.



Metcalfe et al. (1996)Number-magnitude:

Only test that does not explicitly require redshift information. 
Basically integrate over all the relevant distributions.

A(m, T ) = A0 ∫
z

0
D(z, T )Φ(M, T )dV(z, q0)

Luminosity function 
n(L) (M)↔Φ

Volume element 
(cosmological)Density distribution 

(e.g., non-uniform 
large scale structure)

N(m, T ) = ∫T ∫
m

0
A(m, T )dTdm

For sources of type T and magnitude m.

We can only get at the volume element if we understand the other terms and their redshift evolution.



Φ(L) = Φ* ( L
L* )

−α

e−L/L*

Moffett et al. 2016, MNRAS, 457, 1308

Galaxy mass function from the GAMA survey

Φ*
L*

α

Schechter function

Characteristic luminosity

Characteristic number density

Faint end slope

Early Types 
(Ellipticals)

Late Types 
(Spirals & Irregulars)

Early Type 10.74 ± 0.026 0.525 ± 0.029 3.67
+0.20
−0.20

Late Type 10.70 ± 0.049 1.39 ± 0.021 0.855
+0.10
−0.093

Population log(M* h0.72/M⊙) α ϕ*/10− 3 
(dex−1 Mpc−3 h0.73)
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Metcalfe et al. (1996)Number-redshift:

Large Scale Structure is apparent 
in the non-smoothness of N(z). 

Galaxies evolve! 
Certainly in luminosity, 

probably also in number. 

So a single Schechter fcn doesn’t suffice. 
All of these terms matter.

A(m, T ) = A0 ∫
z

0
D(z, T )Φ(M, T )dV(z, q0)

Luminosity function 
n(L) (M)↔Φ

Volume element 
(cosmological)Density distribution 

(e.g., non-uniform 
large scale structure)



Spikes in N(z) correspond to filament & voids along the line of sight



McLeod et al. (arXiv: 2009.03176)


