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What is the cosmic microwave background radiation? 

The Cosmic Microwave Background radiation, or CMB for short, is a faint glow of light that fills the universe, 

falling on Earth from every direction with nearly uniform intensity. It is the residual heat of creation--the afterglow of the big 

bang--streaming through space for last 14 billion years. 

Since the early twentieth century, two concepts have transformed the way astronomers think about observing the 

universe. The first is that it is fantastically large; the portion of the universe visible today is a sphere nearly 15 billion light-

years in radius. The second is that light travels at a fixed speed. A simple consequence of these ideas is that as you look at 

more and more distant objects, you are seeing farther and farther back in time. When you see Jupiter shining in the night sky, 

for example, you are looking about an hour back in time, whereas the light from distant galaxies captured by telescopes today 

was emitted millions of years ago.  This concept is illustrated in figure 1, below. 

 

Figure 1: Time and distance of light 

 
The CMB radiation emission occurred 13.7 billion years ago, only a few hundred thousand years after the Big Bang, 

long before stars or galaxies ever existed. Thus, by studying the detailed physical properties of the radiation, we can learn 

about conditions in the universe on very large scales at very early times, since the radiation we see today has traveled over 

such a large distance / a long time.  Today, the CMB radiation is very cold, only 2.725° above absolute zero, thus this 

radiation shines primarily in the microwave portion of the electromagnetic spectrum, and is invisible to the naked eye. 

However, it fills the universe and can be detected everywhere we look.  Because data shows that the universe is expanding, it 

implies the universe was smaller, denser and hotter in the distant past. When the visible universe was half its present size, the 

density of matter was eight times higher and the cosmic microwave background was twice as hot. When the visible universe 

was one hundredth of its present size, the cosmic microwave background was a hundred times hotter (273 degrees above 

absolute zero.  When the visible universe was only one hundred millionth its present size, its temperature was 273 million 

degrees above absolute zero and the density of matter was comparable to the density of air at the Earth's surface. 

 

Questions: 

1. As things cool down their size (volume) ________________ so they become _______________dense. 

 

2. What is the Big Bang Theory and what evidence is there to support the theory? 

 

3. What is CMB 

 

4. How long after the Big Bang was the CMB formed? 

 

5. Why is CMB still visible? 

 

https://wmap.gsfc.nasa.gov/site/glossary.html#Kelvin
https://wmap.gsfc.nasa.gov/site/glossary.html#EMS
https://wmap.gsfc.nasa.gov/universe/bb_tests_exp.html
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6. Describe how the temperature of CMB has been changing. 

 

7. How old is light from a TV versus how old is light from the Andromeda galaxy? 

 

 

Application: 

Coloring the CMB map below according the key provided.  This map represents the heat remaining after the big bang.  

Questions: 

1. How does the color relate to the formation of solid matter in the universe? 

 

 

 

 

Key 

4: color these spaces red – they are the warmest portions of the map 

3: color these spaces yellow – they are the warm portions of the map 

2: color these spaces green – they are to cool portions of the map 

1: color these spaces blue – they are the coolest portions of the map 


