
Astronomical distances

• In fact, astronomical distances are usually much larger than just 
one light-year!

• For example ---



The Orion Nebula
Credits: NASA, ESA, M. Robberto (Space Telescope Science Institute / ESA) and the Hubble Space Telescope Orion Treasury Project Team

This is 12.5 quadrillion or 
12,500,000,000,000,000 
km away.

A nebula is a cloud of gas 
and dust from which new 
stars and planets are 
being made.

The Orion Nebula is 
1,300 light-years from 
Earth!



Astronomical distances

• The speed of light is so fast that it traverses short distances almost 
instantaneously.

• So it usually seems to us that it travels infinitely fast.
• However, on astronomical scales, it can actually take light many 

years to travel from place to place.



Astronomical distances

• Since the Orion Nebula is 1,300 light-years away, light from it takes 
1,300 years to reach us.

• When we see the Orion Nebula in the sky, we see it as it was 1,300 
years ago, in the 8th century!

• We will only know what the nebula looks like today when the light 
emitted from it today will reach us, 1,300 years in the future.



Astronomical distances

• This is quite amazing, but it is also very useful, because it means 
looking up into the sky is like having a time machine!

• The farther away we look, the farther into the past we see.
• This allows us to see how the universe looked like billions of years 

in the past, if we look far enough.
• We can use that information to reconstruct the history and 

evolution of our universe.



A brief tour of the universe



Earth 
Credits: R. Stockli, A. Nelson, F. Hasler, NASA / GSFC / NOAA / USGS

Planet Earth
(you are here!)

Approximately 
spherical, diameter 
around 13,000 km.

The only astronomical 
object (so far) we 
know to contain life.



The Moon
Credits: LROC / Seán Doran

The Moon: the only 
celestial body that 
humans have visited in 
person (as of 2022).

Approximately 
spherical, diameter 
around 3,500 km.

Located an average 
distance of 384,000 km 
from Earth.



Buzz Aldrin on the Surface of the Moon During the Apollo 11 Mission (1969)
Credits: NASA

The Moon is close, but 
far enough that light 
takes 1.3 seconds to 
travel that distance.

This caused a noticeable 
delay when astronauts 
communicated with 
Earth.



The Sun
Credits: NASA / SDO 

The Sun is a star: a huge 
ball of gas that generates 
energy and light by 
nuclear reactions.



Proxima Centauri
Credits: ESA / Hubble & NASA

The next closest star is 
Proxima Centauri, 4.2 
light-years or 40 
trillion km away.



Planets of the Solar System
Credits: NASA

Including the Earth, 
there are 8 planets 
that revolve around 
the Sun.

(note: sizes are to 
scale, distances 

are not)

Planets (and moons) 
don't generate their 
own light, but they 
reflect the Sun’s light.



The Phantom Galaxy (M74)
Credits: ESA/Webb, NASA & CSA, J. Lee and the PHANGS-JWST Team

Galaxies are enormous 
collections of between 
100 million to 100 
trillion stars.

Between those stars, 
there is interstellar gas 
and dust, known as the 
interstellar medium.



We are located in the 
Milky Way Galaxy, which 
contains 100-400 billion 
stars, including our Sun.

Map of the Milky Way Galaxy
Credits: Pablo Carlos Budassi

It’s 100,000-200,000 
light-years wide and 
1,000 light-years thick.



Barred Spiral Galaxy NGC 1073
Credits: NASA & ESA

Since we’re inside the 
galaxy, we don’t know 
how it looks like from 
the outside!

But we think it's a barred 
spiral galaxy, which 
means it might look like 
this galaxy, NGC 1073.
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Sun's orbit

The Sun is 25,000-
29,000 light-years from 
the center of the galaxy.

It is located inside a 
spiral arm called the 
Orion Arm.

Artist's Impression of the Milky Way Galaxy
Credits: NASA / JPL-Caltech / ESO / R. Hurt

It takes the Sun 220-250 
million years to orbit the 
center of the galaxy, at 
around 230 km/s.



Sagittarius A*: The Supermassive Black Hole at the Center of the Milky Way Galaxy
Credits: EHT Collaboration

A black hole is a region of 
space where gravity is so 
strong that nothing can 
escape it, not even light.

At the center of the 
galaxy, there is a 
supermassive black hole 
called Sagittarius A*.



Sagittarius A*: The Supermassive Black Hole at the Center of the Milky Way Galaxy
Credits: EHT Collaboration

Sagittarius A* has the 
mass of 4 million suns!

Most galaxies have 
similar supermassive 
black holes at their 
centers.

This image was taken by 
the Event Horizon 
Telescope. We’ll talk 
more about it in ASTR 
1P02.



The Hubble Ultra Deep Field
Credits: NASA, ESA, S. Beckwith (STScI) and the HUDF Team

In this Hubble image 
we see around 10,000 
galaxies.

Each of these galaxies 
contains billions or 
trillions of stars!



The James Webb Space Telescope’s First Deep Field
Credits: NASA, ESA, CSA, and STScI

This 2022 JWST image 
shows thousands of galaxies 
we’ve never seen before 
since they’re too far away.

We discover more galaxies 
all the time.

It only covers a patch of sky 
the size of a grain of sand 
held at arm’s length!



Andromeda Galaxy
Credits: David (Deddy) Dayag

There are small galaxies 
close to the Milky Way, 
but the nearest large 
galaxy is Andromeda. It’s 2.5 million light-

years away. It also has a 
few small satellite 
galaxies.



The Local Group
Credits: Antonio Ciccolella

The Milky Way, 
Andromeda, and at least 
80 smaller galaxies form 
the Local Group.

Milky Way

Andromeda

The Local Group is 10 
million light-years in 
diameter.



Distances within the Virgo Supercluster
Credits: NASA

The Local Group is itself 
part of the Virgo 
Supercluster, 110 million 
light-years in diameter. The Virgo Supercluster 

contains at least 100 
galaxy groups and 
clusters.



The Laniakea Supercluster
Credits: Andrew Z. Colvin

The Virgo Supercluster, 
in turn, is part of the 
Laniakea (la-nee-uh-
KEI-uh) Supercluster.

It contains more than 
100,000 galaxies and 
has a diameter of 520 
million light-years.

You are here



Galaxy GN-z11
Credits: NASA, ESA, P. Oesch (Yale University), G. Brammer (STScI), P. van Dokkum (Yale University), and G. Illingworth (University of California, Santa Cruz)

The most distant 
known galaxy as of 
9/2022 is GN-z11 at 32 
billion light-years away.



Timeline of the Universe
Credits: N. R. Fuller, NSF

Around 13.8 billion years 
ago, at the “Big Bang”, the 
universe began to expand 
from a hot and dense state.

Eventually it reached a 
state where stars and 
planets could be formed.

As it expanded, it 
became colder and less 
dense. 



The Big Bang

• Despite its name, the Big Bang wasn't an "explosion", it was simply 
the time when the expansion of the universe started.

• The universe has been expanding ever since, and might keep 
expanding forever.

• The universe isn’t expanding “into” anything. Instead, distances 
become longer.

• There are plenty of misconceptions about the Big Bang and the 
expansion of the universe! We'll discuss them in ASTR 1P02.



Map of the Cosmic Microwave Background
Credits: NASA / WMAP Science Team

The oldest thing we can 
see in the universe is the 
Cosmic Microwave 
Background.

This is electromagnetic 
radiation that was 
emitted only 380,000 
years after the Big Bang.



The Observable Universe
Credits: Andrew Z. Colvin

Everything described so far 
is part of the observable 
universe: the part we can 
observe from Earth.

The observable universe is 
a sphere with a diameter of 
93 billion light-years (the 
edge is 46.5 billion light-
years away).



The observable universe

• The reason we can't see anything beyond the edge of the 
observable universe isn't that there's something in the way, or that 
our telescopes aren't good enough.

• It's because light takes time to travel. Objects outside the 
observable universe are so far away that the light from them has 
not had time to reach us yet.



The observable universe

• The "edge" of the observable universe is an imaginary line beyond 
which light cannot get to us.

• But there isn't any actual edge to the universe!
• Aliens living in a far away galaxy will see a different observable 

universe, with its edge at a different place.
• The aliens will see themselves at the center of their sphere. 
• The size of the whole universe, including the parts that are NOT 

observable (but still exist), is unknown, and could potentially be 
infinite.



The observable universe

• The universe is 13.8 billion years old, and the edge of the 
observable universe is 46.5 billion light-years away.

• But if light travels at a rate of 1 light-year per year, then light could 
only have traveled 13.8 billion light-years since the Big Bang!

• So how can this be?
• The reason for this discrepancy is that the universe is expanding.
• The galaxies that are currently at the edge of the observable 

universe used to be much closer to us, but the distance to those 
galaxies expanded with time.



Powers of 10

• 10𝑛𝑛 where 𝑛𝑛 is any positive integer means 1 followed by 𝑛𝑛 zeros.
• Thousand: 103 = 1,000.
• Million: 106 = 1,000,000.
• Billion: 109 = 1,000,000,000.
• Trillion: 1012 = 1,000,000,000,000.
• Quadrillion: 1015 = 1,000,000,000,000,000.
• Quintillion: 1018 = 1,000,000,000,000,000,000.



Powers of 10

• Multiplying two powers of 10:

10𝑛𝑛 × 10𝑚𝑚 = 10𝑛𝑛+𝑚𝑚

For example:
103 × 109 = 1012

thousand × billion = trillion



Scientific notation

• Scientific notation is used to write very large numbers.
• It’s always a number times a power of 10.

For example:

2.3 × 106 = 2.3 × 1,000,000 = 2,300,000

4.7 × 1012 = 4.7 × 1,000,000,000,000 = 4,700,000,000,000



Scientific notation

• Multiplying in scientific notation:

𝑎𝑎 × 10𝑛𝑛 × 𝑏𝑏 × 10𝑚𝑚 = 𝑎𝑎 × 𝑏𝑏 × 10𝑛𝑛+𝑚𝑚

For example:

1.5 × 103 × 3.0 × 106 = 4.5 × 109

(because 1.5 × 3.0 = 4.5)



Quiz:
What is 2.0 × 109 times 4.0 × 106?

(A) 4.4 × 109

(B) 8.0 × 1015

(C) 6.0 × 103



Answer: (B)

2.0 × 109 × 4.0 × 106 =

2.0 × 4.0 × 109+6 =

8.0 × 1015
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