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Multiple scales of representation of same system

Different averaging scales

Stars, clusters, galaxies, universe

Density

Distance

Local inhomogeneity: description
G.K. Batchelor: An Introduction to Fluid

Dynamics, Cambridge University Press (1967).



1. Viewing perturbations via maps of the background space into the 

lumpy universe, may be a fruitful way to go

2. As regards lensing of the Cosmic Microwave Background

(a) distance measures and their relation to affine parameters,   

(b) the limits of the integrals involved, 

(c) the `wrinkly surface' argument and Sach's shadow theorem. 

3. The effect in both cases of cusps in the past light cone due to 

strong gravitational lensing

4. Selection effects are never luminosity limited

5. SN: the Ricci/Weyl tensor issue,  bias arising from preferred 

(emptier) pencils of geodesics,
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Use 1+3 covariant and gauge invariant variables 

in the real lumpy space; then approximate the full 

non-linear equations 
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2. Lensing of the Cosmic Microwave Background

arXiv preprint arXiv:1806.09530
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3. Folds and caustics in past light cone

Real past light cone has billions of caustics, hierarchically structured

CQG 15: 2345

(1998)

Ellis, Bassett, 

Dunsby

Every strong 

lens causes a 

fold plus 

cusps 



Single lens effect on CMB observations

Detect individual lensing masses this way via the CMB, 

Then find their causes by multi-wavelength observations?

Issues: (a) Imaging PSF (b) Silk damping

But (c) NO issue of aligment. LSS covers whole sky! 
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4. Source selection effects are never 

luminosity limited

HST, SDSS, Planck, SKA, Euclid, LSST, etc 

- Fantastic technology 

• Never flux/luminosity limits for sources:

Selection and detection depend on observed 

(a) surface brightness (b) angular size

Magnitude + Scale size + redshift/cosmology

Ellis Perry and Sievers AJ 89: 1124 (1984)



Low surface brightness galaxies

(Disney: Nature 1976)

Increase radius 

a(t) of galaxy 

keeping 

luminosity L 

constant.

Apparent size drops to zero as central surface 

brightness drops below detection limit SL; galaxy 

becomes invisible



Never flux limits

•



•

Detection limits in the image plane (right) mapped back into

the object plane (left). There are detector brightness limits, PSF limits 

(optics), and detector (pixel) limits. The area U is unobservable. In the 

white area images are unidentifiable. Those in D are detectable. 



Low surface brightness galaxies

• Low surface brightness galaxies lie in the regions 

of the object plane (for any given z) outside D, 

where they may be either undetectable  (region 

U) or unidentifiable (white domain). As these 

limits depend on the cosmological model as well 

as the type of galaxy and the optics (PSF) and 

detector (pixel size, detection limits) theorists 

should take them into account.  

• They require a minimum of 2 parameters (L,a) to 

be adequately modelled
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Feynmann, Gunn, Kaiser 

Ricci focusing and Weyl focusing: Ehlers, Sachs, Penrose

B. Bertotti “The Luminosity of Distant Galaxies” Proc 
Royal Soc London. A294, 195 (1966).

dθ/dv = -RabKaKb - 2σ2 – θ2

d σmn/dv  = - Emn

Θ = expansion

σ = shear

Rab = Ricci tensor, determined pointwise by matter 

Eab = Weyl tensor, determined non-locally by matter

5. SN: the Ricci/Weyl tensor issue,  bias arising from 

preferred (emptier) pencils of geodesics,



Robertson-Walker observations: 

zero Weyl tensor and non-zero Ricci tensor.

dθ/dv = -RabKaKb – θ2

d σmn/dv  = 0

Actual observations are best described by zero Ricci tensor 
and non-zero Weyl tensor

dθ/dv = - 2σ2 – θ2

d σmn/dv  = - Emn

This averages out to FRW equations when averaged over 
whole sky Not obvious! It does not follow from energy 

conservation (Weinberg)  - depends on how area distances 
average out. But supernova observations are preferentially 

where there is no matter



Dyer Roeder equations take matter into account but not 
shear: allows a fraction of the uniform density

C. C Dyer. & R C Roeder, “Observations in Locally 
Inhomogeneous Cosmological Models” Astrophysical 

Journal, Vol. 189: 167 (1974)

NB: must take shear and caustics into account

Note that how this works out depends on how dark matter 
is clustered. If it is uniform, Dyer-Roeder is good; if dark 

matter is clustered, it is not so good. 

Observations and averaging



Weinberg: yes

Ellis Bassett Dunsby: no 

Clarkson

Kibble and Lieu 

Many others

 Kaiser paper with Peacock

Why should it average out?



Swiss-cheese (Einstein-Strauss) exact lumpy models can 
be used to test the observational effects

Exact vacuum static domains imbedded in an expanding 
universe model; no backreaction! (Birkhoff)

Example: R. Kantowski  “The Effects of Inhomogeneities 
on Evaluating the mass parameter Ωm and the 
cosmological constant Λ” (1998) [astro-ph/9802208] 

“a determination of Ω0 made by applying the 

homogeneous distance--redshift relation to SN 1997ap at 

z = 0.83 could be as much as 50% lower than its true 

value.”









Shear  caused by matter out of the beam will cause 

convergence inside the beam – contrary to what was 

stated. Issue: boundary of integral in (3)

Should have gone beyond image I



Extremely thin pencil of light rays in vacuum

 Else we would not see the SN!

 Not a fair sample of the universe

(Mis)interpreting supernovae observations in a lumpy universe

Chris Clarkson, George F. R. Ellis, Andreas Faltenbacher, Roy Maartens,

Obinna Umeh and Jean-Philippe Uzan

Mon. Not. R. Astron. Soc. 426, 1121–1136 (2012)

Outcome depends on clustering of dark matter halos 

And so on bias factor (is it constant?)

We do not average over all directions. Preferred 

directions!!

We see SN in preferred directions
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