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Cosmic Microwave Background radiation (CMB) was discovered by two American 
radio astronomers, A.A. Penzias and R.W. Wilson in 1965. They wanted to calibrate a 
noise level for other purpose. However what they found was radio signals from all over 
the sky.  The strength of radio signals is in fact uniformly distributed, i.e., isotropic.  
After a discussion with Princeton astrophysicists lead by R. Dicke, they convinced that 
this is really the signal from the early hot universe.  Penzias and Wilson got the Nobel 
prizes in 1978.   
The existence of CMB was first pointed out by G.Gamow, who proposed the idea of Big 

Bang in late 40’s.  If the early universe was hot enough to keep thermal equilibrium, 
black-body photons should be existed there. As the universe expanded, temperature of 
the universe became lower. Eventually the universe could not hold thermal equilibrium 
anymore. Since then, the back-body distribution, i.e., Planck distribution was frozen, 
and red-shifted according to the expansion of the universe.  Although the thermal 
equilibrium no longer could hold, photons still scattered off electrons until the universe 
became transparent.  After 40,000 years of its beginning, the universe became 
transparent since temperature became too cool to keep protons and electrons apart. 
Hydrogen atoms were formed and there remained only small number of free electrons 
and protons. Since then, photons have been traveling trough the universe without any 
scattering. This epoch is referred as recombination or decoupling. We looked at this 
epoch when we observe CMB. After recombination, photon temperature was 
continuously dropped due to the adiabatic expansion and Gamow expected the 
temperature at present to be a few K.   
Assuming the Planck distribution, one could estimate the temperature from the 

observation by Penzias and Wilson, while they observed in only one channel.  The 
temperature they got was 3K which was very close to the value Gamow predicted.  
Since then, there were a lot of attempts to carry out the precise measurement of CMB, 

such as measurements of the amplitude in multi-wave lengths to determine whether 
CMB has really the Planck distribution, and isotropically distributed.   
In 1989, after 17 years of preparation, COBE satellite was finally launched. Among 

COBE’s several missions, there were a precise measurement of CMB temperature and 
its energy spectrum, and a measurement of spatial anisotropies.  COBE successfully 
proved the black-body distribution (Planck distribution) of CMB with an accuracy of 



10-5, whose temperature is 2.725K.  Moreover, COBE found a small amount of 
temperature fluctuations.  Temperature of Small patch of the sky is typically about 
10-5K higher or lower than the average temperature. This discovery of temperature 
fluctuations is one of the most important discoveries of modern cosmology because we 
believe these tiny fluctuations eventually form rich structures of the universe such as 
galaxies, clusters of galaxies and large scale structure of the universe, which have been 
seen today.  These fluctuations are seeds of present gigantic structures at the 
recombination epoch. 
Due to the intensive theoretical studies, it turns out that the patterns of fluctuations 

contain very important information of the universe such as the average density of the 
universe, amount of baryon (which is ordinary matter), space curvature of the universe 
and more.  These quantities are often referred as cosmological parameters which 
determine the evolution of the universe. By observing CMB temperature, we know how 
the universe has been evolving and, even konw how the universe will end. A key issue 
here is to observe CMB temperature with much higher angular resolutions than COBE.  
All these important secrets of the universe were hidden into the small scale fluctuations 
which COBE could not observe.   
To measure fine angular scale CMB anisotropies, WMAP satellite was launched in 

2001.  This satellite traveled all the way to L2, which is 1.5 million km distance from 
the Earth, and started to measure CMB temperature of the whole sky. The first results 
came out in February 2002.  The WMAP team succeeded to make precision 
measurements of cosmological parameters. What the team found are, 73% of the 
contents of the universe are mysterious dark energy, 23% are again mysterious dark 
matter, and only 4% are baryons. The space curvature is nearly or almost 0, means our 
space is flat. The age of the universe which can be computed from the contents of the 
universe is announced as 13.7 billion years, whose error is surprisingly small, i.e., only 
1.5%.  
In this talk, I will explain how we can make such a precision determination from the 

measurements of temperature fluctuations. The key-word is “sound”.  The sound, or 
cosmic symphony at 40,000 years after the birth of the universe reveals secrets of the 
universe. 


