
Let’s calculate the size of the observable 
universe:

Size = 93 billion ly = 93 × 109 ly
(ly = light-year)

1 ly = 9.5 trillion km = 9.5 × 1012 km

Quiz: Who can calculate the size in km?



Size = 93 × 109 ly × 9.5 × 1012 km/ly
= 883.5 × 1021 km

But 883.5 is almost 1,000, which is 103, so…

Size of the observable universe ≈ 103 × 1021
= 1024 km

= 1,000,000,000,000,000,000,000,000 km



Video to watch

https://youtu.be/2iAytbmXYXE
An illustration of scales from humans to the whole universe.

https://youtu.be/2iAytbmXYXE


The smallest things
in the universe



More math: negative powers of 10
• 10−𝑛𝑛 where 𝑛𝑛 is any positive integer means 1 divided by 10𝑛𝑛.

10−𝑛𝑛 =
1

10𝑛𝑛
• 10−𝑛𝑛 can also be written as 𝑛𝑛 zeros followed by a 1 with a decimal 

point after the first zero. (Like an inverted 10𝑛𝑛.)

• Thousandth: 10−3 = 1
1,000

= 0.001

• Millionth: 10−6 = 1
1,000,000

= 0.000 001.

• Billionth: 10−9 = 1
1,000,000,000

= 0.000 000 001.



Most things we can see or 
detect, like stars, planets, 
and humans, are made of 
atoms.

Every atom is composed 
of a nucleus, surrounded 
by a cloud of electrons.

A Helium Atom
Credits: Modification of work by Yzmo (Wikipedia)

The nucleus itself is made of 
protons and neutrons, each 
of which is around 100,000 
times smaller than an atom.



Atomic scales

• Size of an atom: 10−10 m = 0.000 000 000 1 m
• Size of a nucleus: 10−15 m = 0.000 000 000 000 001 m
• Size of a proton or neutron: just a bit smaller than the nucleus.



The electrons don’t orbit 
the nucleus, they’re 
“probability clouds”.

This illustration of an 
atom you may have seen 
before is wrong!

Diagram of an Idealized Lithium Atom
Credits: Modification of work by AG Caesar (Wikipedia)

I’ll explain what this 
means later when we 
learn about quantum 
mechanics.



Elements

• There are 118 different types of atoms that we know of, which are 
also called chemical elements.

• All atomic matter in the universe is made of different combinations 
of these 118 elements.

• The number of protons, known as the atomic number, determines 
the type of the chemical element.

• Hydrogen has 1 proton, helium has 2 protons, and so on.



The Periodic Table of Elements
Credits: Modification of work by Robert Campion



Abundance of elements

• Hydrogen (1 proton) is the most common element. It makes up 
74% of atomic matter.

• Helium (2 protons) makes up 24% of atomic matter.
• The other 116 elements make up the remaining 2%!



Some matter is made of 
molecules, which are 
groups of two or more 
atoms bonded together.

For example, water is made 
of water molecules, which 
consist of 2 hydrogen atoms 
and 1 oxygen atom.

A Water Molecule
Credits: Modification of work by Dbc334 and Jynto (Wikipedia)

O
H H



Elementary particles

• The protons and neutrons in the nucleus are made of particles 
called up and down quarks.

Proton:
2 up quarks

1 down quark

Neutron:
1 up quark

2 down quarks



Elementary particles

• So all atomic matter in the universe is actually made of just 3 kinds 
of particles: electrons, up quarks, and down quarks.

• As far as we know, electrons and quarks are not made of any 
smaller particles, which is why we call them elementary particles.

• Another common elementary particle is the photon: the particle of 
light and electromagnetic radiation.

• There are other more “exotic” elementary particles which we won’t 
learn about right now.



Subatomic scales

• The sizes of elementary particles are unknown and hard to define, 
since in quantum mechanics, small things are “fuzzy”.

• They might be just points with no size!
• Quark: less than 10−19 m = 0.000 000 000 000 000 000 1 m.
• Electron: less than 10−22 m = 0.000 000 000 000 000 000 000 1 m.



From smallest to largest scales
• Smallest thing – electron: less than 10−22 m 
• Largest thing – observable universe: 1024 km = 1027 m
• Difference: 49 orders of magnitude (powers of 10).

• An electron is (at least)…

times smaller than the observable universe!

• And remember that the entire universe (including the non-
observable parts) could be infinite.

10,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000



Human scales

• Humans: around the middle at approximately 1 = 100 m.
• 27 orders of magnitude smaller than the observable universe. We are 

completely negligible!
• 22 orders of magnitude larger than an electron.

• The farthest from Earth humans have been is the Moon, 
around 380,000 km = 3.8 × 108 m away.

• That is like moving 1 atom away if the observable universe was 
the size of the Earth.

• We have a long way to go…



Human scales

• Where can we go?
• We’ve sent probes to other places in the solar system: planets, 

moons, asteroids… But not humans.
• Human missions to the Moon took 3-4 days.
• We want to send humans to Mars. This will take several 

months.



Human scales

• Closest star: Proxima Centauri, 4.2 light-years or 4 × 1013 km 
away.

• Fastest human-made spaceship: NASA's Parker Solar Probe, 
expected to reach 690,000 km/h.

• This is still just 0.06% of the speed of light.
• Traveling to Proxima Centauri at that speed will take 6,500 years!



Human scales

• The Andromeda galaxy is located 2.5 million light-years away.
• At 690,000 km/h, it would take 4 billion years to reach it.
• Even if could travel close to the speed of light, it would still 

take it at least 2.5 million years to travel to Andromeda. 
There’s no way to travel faster than light.



Human scales

• Humans will never be able to travel to Andromeda with any 
conceivable technology.

• And that's the closest galaxy to us. The edge of the observable 
universe is 46.5 billion light-years away!

• We are stuck forever in the Milky Way galaxy.



Time scales

• Finally, let’s talk a bit about time…
• The universe is 13.8 billion years old.
• Modern humans evolved from earlier hominid species around 

300,000 years ago.
• This is around 20,000 times shorter than the age of the universe.

• The recorded history of humanity only began around 5,000 years 
ago.

• This is roughly 3 million times shorter than the age of the universe.



Time scales

• Recall: there are 31.6 million seconds in a year.
• If the universe only existed for one year, then…

• Humans have only existed for the last 25 minutes of that year.
• All of recorded history has only existed for the last 10 seconds of that year.

• So if the Big Bang took place at midnight on January 1st, then…
• Humanity only appeared on December 31st at 23:35.
• Recorded history only started at 23:59:50.



Conclusion

• I hope this lecture made you interested in learning more about 
astronomy and the universe!

• I tried to give you an idea of just how immense and astonishing the 
universe is in terms of distance and time scales.

• Reading: OpenStax astronomy, chapter 1 and appendices A-D.
• Further exploration: See the end of chapter 1 for some books, 

websites, and videos.
• Exercises: Practice questions will be posted on Teams.
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