Evidence #1: Astronomers observe a uniform glow in the background of the sky no matter
where we look.
Astronomers have observed a background glow, everywhere in the sky. It does not appear to
come from a single source like a star or a galaxy. The glow is strongest in the microwave region
of the electromagnetic spectrum. Microwaves are a form of invisible light. Figure 1 is a 360degree view of the sky—in other words, it covers all areas of the sky. The left panel of Figure 1
shows that the background is essentially the same no matter where in the sky you look. The color
differences in the right panel are due to very small variations in temperature (less than 0.0001 K).

Figure 1. On the left is the background glow of the sky. The uniform color is because the temperature is about the
same everywhere. On the right, the same view of the sky shows very small temperature variations by exaggerating
the colors. Here, blue spots are about 0.0001 K cooler than the red spots. Credit: NASA/Goddard/WMAP Science
Team
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Evidence #2: All galaxies are moving with space. Galaxies that are farther from Earth are
moving faster than galaxies closer to Earth. Most galaxies are moving away from each other.
All galaxies give off light, which can be analyzed by looking at spectra. Spectra are created when
you take light and break it up into its component parts. The top picture in Figure 1 shows the visible
light spectrum given off by iron.

Figure 1. Iron gives off this spectrum when it is at rest (top) and moving away from us (bottom). The dashed lines
connect the same line in each spectrum. Credit: Wright Seneres

As a galaxy moves with space, the light in the spectrum is shifted to appear more blue or more red.
Figure 1 (bottom) shows iron’s spectrum redshifted. The black lines, caused by the absorption of
light, are now farther into the red portion of the spectrum than they were. This is the same idea as
how sound seems to shift in pitch as a source (such as a train or a car honking its horn) passes by
you. For light, blueshifts occur if the galaxy is moving toward Earth, while redshifts occur if the
galaxy is moving away from Earth. The greater the shift of the lines, the faster the galaxy is
moving. This happens because space is stretching over time, carrying the galaxies with it.
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Evidence #3: The Universe has a predictable age based on its rate of expansion. Nothing in
the Universe is older than that age.
Scientists model the expansion of the Universe over time. If we run the model backwards
(similar to watching a movie in reverse), there was a time when everything was closer together.
We call this time the age of the Universe. Table 1 shows how the age of the Universe compares
to the age of some objects and events within it.
Table 1. Ages of objects and events in the Universe.
Object

Age

Universe

13.8 billion years

Oldest galaxy: GN-z11

13.4 billion years

Milky Way Galaxy

About 13 billion years

Oldest globular star clusters

12-13 billion years

Sun

4.6 billion years

Earth

4.54 billion years

Single-celled life appeared

About 3.5 billion years

Jurassic Period started

201 million years

Jurassic Period ended

145 million years

Homo sapiens appeared

300,000 years
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Evidence #4: The Universe was once extremely hot and allowed for matter and energy to
spontaneously convert back and forth into each other. Today, the Universe is far cooler
than it once was.
The early Universe was extremely hot and dense. In these conditions, matter (like protons) and
energy (like photons) can change back and forth very easily. Over time, the conditions changed
enough that this couldn’t happen anymore. The Universe expanded and cooled and became less
dense as well. Figure 1 shows the temperature of the Universe over time, with the present at the
far right of the graph.

Figure 1. Graph showing temperature (in Kelvin) of the Universe vs. the time elapsed (in seconds) after the origin of
the Universe. Credit: Wright Seneres
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