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Observation of the 

Evolution of the Temperature of the Universe

Jan. 26, 2017
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CMB is a Perfect Black Body T=2.725 K
errors are so small as to be invisible on this scale!

λmax=2900 μm·K/T
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fluctuations

10-5

z is a proxy for distance



Friday FeatureTM, M. Gold physics 492, Spring 2017

3D print of universe at tCMB = 380,000 y

note that this does not mean that the total universe is finite!

http://www3.imperial.ac.uk/newsandeventspggrp/imperialcollege/newssummary/news_27-10-2016-11-42-11

http://www3.imperial.ac.uk/newsandeventspggrp/imperialcollege/newssummary/news_27-10-2016-11-42-11
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age of universe: 

13.799±0.021 Gy 


𝚲CDM concordance model.

1 + z = �obs/�emit = anow/athen

Cosmological red shift (z) 

where “a” is expansion factor
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λmax=2900 μm·K/T

CMB black body spectrum should

evolve with red shift according to Wien’s law
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Red line is our universe in which expansion

is accelerating
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Feb. 27, 2015 https://arxiv.org/abs/1502.07858

https://www.cosmos.esa.int/web/planck

https://arxiv.org/abs/1502.07858
https://www.cosmos.esa.int/web/planck


Friday FeatureTM, M. Gold physics 492, Spring 2017

Planck launched 2009

Ariane 5 from Europe's 


Spaceport in French Guiana 

CMB fluctuations ~10-5
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The SZ effect:
https://ned.ipac.caltech.edu/level5/Sept05/Carlstrom/Carlstrom_contents.html

https://ned.ipac.caltech.edu/level5/Sept05/Carlstrom/Carlstrom_contents.html
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The steep frequency dependence of the change in the CMB spectral intensity, ∆ISZ,
due to the SZ effect allows the CMB temperature to be estimated at the redshift of  the cluster.

The first line corresponds to the original Planck frequency
The maps, and the second line to the maps after cleaning for the thermal dust and CMB using our 
methodology (see section 3.1). The maps clearly show the expected SZ decrements at frequencies below 
217 GHz, no effect at 217 GHz, and a positive signal at 353 GHz. The solid circle depicts the aperture we 
use to integrate the SZ flux, and the two concentric dashed rings the annulus used for background 
subtraction.
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Consistent with β=0 


