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The Formation of the Universe
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The first 10 seconds after the big bang are called the Planck Era. There were

tremendous fluctuations in energy from one point to the next, leaving the h.ot and dense
universe in a very unstable state. This had a dramatic effect on space and time—such a

peculiar and radical effect that our current understanding of physics is not able to explain

what the universe would have been like in this early moment.

At 108 seconds after the big bang, the forces we now know:

—gravitational, electromagnetic,
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When the universe was about 1 second old, the prot
together to become atomic nuclei. The first elements to form ¥
the two lightest elements (with the lowest number of protons).' ;
helium are the most abundant elements in the universe, COmprist

matter.
Up until 400,000 years after the big bang, the temperature was still so high in the energy-

rich universe that electrons were not bound to atomic nuclei. They were free-floating
particles in the “cosmic soup.” When the universe had expanded, and thus cooled enough,

the elecrons became bound to atoms, and the first neutral atoms wgre formed (\-Vl[h.
charge = 0). Once free electrons were no longer scattering radiation in random directions,

the universe became transparent, meaning that radiation could pass unobstructed through
regions of space. When this occurred, matter was able, under gravitational force, to
condense into clouds without being pushed apart by radiation pressure. This eventually

led to the formation of stars.
At about 1 billion years after the big bang, the universe was cool enough that galaxies

were able to form. Once galaxies started forming, they did so with a vengeance. The
universe soon became heavily populated with many types of galaxies.

Star formation and galaxy formation continue today, billions of years after the universe
first came into being. The universe itself continues to expand and cool. Our sun formed
about 4.5 to 5 billion years ago, and our Earth around the same time. The earliest life
forms on Earth, microbes, have been traced back to about 4 billion years ago, and the
earliest signs of human life arose only 400,000 years ago, a mere speck of time in the

universe’s long history.

Checking In

1. What are the two most abundant elements in the universe, and approXimately how long

ago did they form?
2. Explain the big bang theory of the formation of the universe ip your own words and

drawings.



