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Presentation Notes
Tim Pearson mentioned my 1971 paper that expressed some skepticism about Martin Ryle’s claim that the Cambridge source counts required an evolutionary cosmology.I think with time, like Jasper, I came around and joined the bandwagon that accepted that the standard picture of cosmic evolution.In preparing for this meeting, I started to look at some of Jasper’s old papers as well as my  own.Decided that maybe Steady state not so bad after all



Integral Source Count in Static 
Euclidian Universe

S α D-2
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Presenter
Presentation Notes
Remind youIn static Universe uniformly filled with radio sourcesFlat cosmology BoltonHubble
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Presenter
Presentation Notes
In 1958, Ryle Much steeper than -1.5Claimed: Large Distances (early epochs)     Radio Sources more numerous (density evolution)      or more luminous (luminosity evolution)First evidence for an evolving Universe  and against the Steady State cosmologyAbout the same time, Bernie Mills, in Australia      Slope of -1.8     Consistent with -1.5 challenged Cambridge arguments against SS



2C/3C and MSH Surveys Full of Errors
• Used integral instead of differential counts
• Both surveys heavily confused
• Noise and confusion – Edington effect (1913)
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MSH had better data but got wrong answer

N(S) α S-x x < 1.5 But did he?

Ryle had worse data, but got the right answer

Presenter
Presentation Notes
Controversy raged for yearsDebate became quite personalIntegral counts   Points not independent   Errors propagate



Freq. = 2700 MHz

Ω =   0.4 sr,    S> 0.4 Jy
Ω =   0.08 sr,  S> 0.08 Jy

X = – 1.38 (-1.29)
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Shimmins, Bolton, Wall, 1968, Nature, 

N

Log N-Log S

178 MHz
3CR, 4C

2.7 GHz

Presenter
Presentation Notes
Along comes young Jasper Wall – working with John Bolton and John ShimminsTwo surveys at 2.7 GHzFirst time two surveys covering different areas to different depths had been combined like this   semi- legitimate use of integral counts – but only two independent points.



Radio Source Surveys
Survey Frequency-MHz n Slim (Jy) X n/sr

2C 81 1906 10 -2.7

3C (R) 159 (178) 242 (236) 8 (10) -2.0 (-1.9) 76

4C 178 2 -1.8±0.12 3900

MSH 85.5 1658 7 -1.8±0.1 330

P(D) 178 0.35 -1.8

Parkes 408 ~100 -1.85 ±0.1

SBW 2700 135
210

0.4
0.08

-1.38 (-1.29) 390
3100
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Presenter
Presentation Notes
2C: ¾  of sources not realP(D) – Never applied by Scheuer; Hewish (1961); Ryle and Clark 61  



Local Hole or Cosmic Excess?
Hoyle:  Local Hole not cosmic excess

Ryle: Hole would need to be hundreds of Mpc
in extent – not so local

Isotropy argues against local hole? 

No!  Strong Source Counts are not isotropic!
Pauliny-Toth and Kellermann (1972)
Pearson (1974)
Kellermann and Wall (1987)
Shaver and Pierre (1989)
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Presenter
Presentation Notes
Even if Cambridge Counts accurate: x=-1.8   Hoyle and others argued – local hole instead of cosmic excessRyle’s counter argument   Hole would have to be hundreds of Mpc in extent – not so localWe now know that there is large scale, super clusters, strings and voids - in Universe – on scales of hundreds of Mpc not so absurd



Multi-Wavelength Source Count  (KIK, 1971)
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Euclidean
or

Evolution
balances redshift

~50missing 
sources

Presenter
Presentation Notes
Normalized –differential formAll surveys show this peculiar form at high flux densities	Very strongest sources (~50) Euclidian	Rapid rise (x3 in S) – 100 missing sources  	No simple model	Local hole or statistical fluctuationStrong source count is very anisotropicOrder of magnitude – Euclidean	Evolution just cancels effect of zCuriosity first pointed out by HubbleJas – superposition of flat and steep spectrum countsFor N> ~1000/sr see expected effects of redshift



SS or EdS? Evolving or not?
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408 MHz
Ryle, 1968

ARAA, 6, 249

Presenter
Presentation Notes
Normalized integral CountArbitrarily normalized at a few hundred sourcesArgued Counts 10x any non evolving cosmology
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Wall, Pearson, Longair, 1977

Presenter
Presentation Notes
1976 IAU Symposium in CambridgeProper differential form    Luminosity functions (2 populations)    Evolution     Redshift cutoffClose to fitting data – discrepanciesNot a good fitLots of free parameters
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The data and consequently the arguments,
have changed, and although much more
detailed and subtle, the general conclusions
remain essentially unchanged.

Kellermann and Wall, 1987

Presenter
Presentation Notes
Over 25 year periodIn favor of evolving universeSpecifically ruling out SS models



Steady State Cosmology - Revisited
H.P. Robertson: General Relativity and Cosmology
Alan Sandage:  Observational Cosmology

A Search for Two Numbers - Physics Today, 23, (2), 34 (1970)

𝐻𝐻0 = ̇(𝑅𝑅/R)0

𝑞𝑞0 = − 1
𝐻𝐻0

̈(𝑅𝑅/𝑅𝑅)0

Fred Hoyle:  Theoretical Cosmology
SS Makes Predictions  - No free parameters (other than H)

qo = -1
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Γ i

j,k

Presenter
Presentation Notes
I want to comment on the interpretation.My credentials to discuss cosmology is very limited.I was trained as a physicist     But took 3 courses in Cosmology –          Robertson – invented cosmology           Sandage:  Series of papers on “ability of 200 inch to distinguish among world models” Ho, qo           Hoyle:  One of the founders of SS cosmology           Remember very little – 2 things            everything everywhere the same                 	



The Steady State Theory 
Predicted 

Expansion of the Universe
Must be Accelerating
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Presenter
Presentation Notes
Well before the observational discovery of accelerating Universe – Dark eenryHoyle understood that you needed a force to drive the acceleration     Called it a “C field” – Continuous Creation of matter



What if?
• Suppose the Supernova Cosmology Project and Hi-Z Supernovae 

Projects had come before Penzias and Wilson discovered the 
CMB in 1965 

— Confirmation of Steady Theory
• Suppose Hoyle had thought of a clever name instead of a 

C- Field – like DARK Energy
— Generated popular interest awareness

• SS supporters would have found a way to explain the CMB
— Wouldn’t have to invented things like population evolution, z- cutoffs, 

inflation
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Presenter
Presentation Notes
I’m not arguing that the SS Theory is correct; certainly not in its original form.There is good evidence that galaxies in the early Universe look different from local galaxies   V/Vm.If SN work had come before CMB, it would have changed the course of history.
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“We told you so!”
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