




Goals

• Learn some basic concepts in science and astronomy.
• Get an overview of some of the fascinating things we’ll learn about.
• Discuss scales: the smallest and largest things in the universe.

The Milky Way
Credits: ESO / S. Brunier



What is astronomy?
• Astronomy studies celestial objects: anything that exists outside of 

Earth.
• This includes objects such as ---



Jupiter
Credits: NASA / JPL / University of Arizona



The Moon
Credits: LROC / Seán Doran



Asteroid Bennu
Credits: NASA / Goddard / University of Arizona



Comet ISON
Credits: Damian Peach / SkyandTelescope.com



The Sun
Credits: NASA / SDO 



Simulation of Black Hole Accretion Disk
Credits: Hotaka Shiokawa (EHT)



Andromeda Galaxy
Credits: David (Deddy) Dayag



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



Astronomy is a science

• To understand how astronomy works, we must first understand 
how science works.

• Science is not a body of knowledge. It's a method for obtaining and 
verifying knowledge about our universe.

• In science, we make observations and experiments, and use them 
to create hypotheses that try to explain how things work.



Astronomy is a science

• Scientific hypotheses have predictions, which need to be tested 
experimentally.

• If an experiment disagrees with a hypothesis, we need to modify or 
discard the hypothesis.

• If enough experiments agree with the predictions of a hypothesis, 
then it eventually becomes an established theory.



Astronomy is a science

• "Theory" in everyday language means the same thing as 
"hypothesis" or "speculation".

• But in science theory means a hypothesis that was rigorously 
tested and verified.

• A theory is an accurate explanation of how things work!



Astronomy is a science

• Once a hypothesis becomes a theory, we can use it to:
• Understand the universe better.
• Predict the results of future experiments or events.
• Create new technologies.

• But it's always possible that other experiments in the future will 
contradict the theory.

• Then we will need to find an even better theory!



Astronomy is a science

• Science is self-correcting, and always moves forward.
• Our understanding of nature becomes better and more precise

with each new theory.



Astronomy is a science

• This process of creating hypotheses and then testing them is called 
the scientific method.

• One of the most important components of this method is 
skepticism. 

• Scientists remain skeptical about any new hypothesis until there is 
sufficient evidence supporting it.

• Because of skepticism, the scientific method is the only reliable and 
trustworthy method of obtaining knowledge.



Astronomy is a science

• Scientists don't trust theories based on belief or faith. We trust 
theories because we test them and find evidence for them.

• No theory is sacred. If we find any evidence that contradicts a 
theory, we don’t trust it anymore and try find a better one.

• So anything you learn in this course might turn out to be false some 
time in the future…

• But that’s a good thing. It means we further improved our 
understanding of the universe!



A bit of history

• Like any other science, astronomy changes constantly:
• New theories attempt to explain things we could not explain before.
• New instruments allow us to make more precise measurements.

• This goes all the way back to the beginning of astronomy ---



The Geocentric (Ptolemaic) Model, 1550
Credits: Mauro Fiorentino, Theosebo, Phonasco, & Philopanareto

But with more precise 
measurements, the 
predictions of this 
model failed.

Ancient astronomers 
had a model of the 
universe with the Earth 
at the center.



The Solar System
Credits: Harman Smith and Laura Generosa (NASA JPL)

Eventually, 
astronomers realized 
that the Sun is actually 
at the center.

This is now the 
accepted theory, 
because its predictions 
fit our observations.

Actually, now we know 
that the Sun is just one of 
numerous stars and the 
universe has no center!



The future of astronomy

• You may think that in the 21st century, we already know everything 
we need to know about astronomy… but in fact, that is not the case. 

• There are many unanswered questions, including ---



Dark Matter (?) in the Bullet Cluster
Credits:
X-ray: NASA / CXC / CfA / M. Markevitch et al.
Optical: NASA / STScI; Magellan / U. Arizona / D. Clowe et al.
Lensing Map: NASA / STScI; ESO WFI; Magellan / U. Arizona / D. Clowe et al.

What are dark matter 
and dark energy?



Simulation of Black Hole Accretion Disk
Credits: Hotaka Shiokawa (EHT)

What is at the center of 
a black hole?



Artist’s Conception of the Surface of an Exoplanet
Credits: NASA

Does life exist on other 
planets?



The future of astronomy

• The main job of astronomers and astrophysicists is to answer such 
questions.

• It may take decades or even centuries to answer some of them!



Astronomical observations

• Astronomy is different from most other sciences, because ---



An Astronomer's Fantasy - Planets in the Lab (Illustration)
Credits: NASA / JPL-Caltech

Astronomers can't do 
experiments in a lab.



Observing the Sky with a Telescope
Credits: NASA / JPL-Caltech

They can only observe 
astronomical objects 
that are located 
incredibly far away,

Using instruments such 
as telescopes.



Astronomical observations

• As technology improves, these instruments get better and better, 
and allow us to make observations in greater detail and different 
ways.

• Here's an example:
• Light is a type of electromagnetic radiation that humans can see.
• But there are other types of radiation, such as infrared, X-rays, and radio 

waves, which we cannot see but can be detected by instruments.
• We can observe the sky not only with light telescopes, but also with ---



Radio Telescope (Goldstone Observatory)
Credits: NASA

Radio telescopes, that 
see things we could not 
see using light.



Astronauts Working on the Hubble Space Telescope
Credits: NASA

We can even place 
telescopes in outer 
space!

This allows us to 
observe without being 
obstructed by the 
Earth's atmosphere.



My research

• One of my main fields of scientific research is general relativity.
• This theory provides a precise description of the force of gravity, 

and explains how space and time work.
• General relativity completely revolutionized astronomy!
• It introduced --



Simulation of Black Hole Accretion Disk
Credits: Hotaka Shiokawa (EHT)

New celestial objects 
such as black holes.



Gravitational Lens (The Einstein Cross)
Credits: ESA / Hubble, NASA, Suyu et al.

New tools to probe the 
sky, such as 
gravitational lensing ---



Artist's Impression of Gravitational Waves
Credits: R. Hurt / Caltech-JPL

And gravitational 
waves.



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

And it helped us 
understand the origin of 
our universe, in the form 
of the Big Bang.



My research

• I’ll talk much more about all these things in ASTR 1P02!



Light-years and the speed of light

• In astronomy, we often measure distances in a unit called a light-
year.

• This is the distance light travels during one year.
• Even though it has the word "year" in it, a light-year is not a unit of 

time.
• To see why, remember that when you say “I’m 5 minutes away“ 

you’re actually saying how far away you are!
• “5 minutes away” is the average distance a human walks in 5 

minutes.



Light-years and the speed of light

• No human walks at exactly the same speed all the time, but light 
always travels at the same speed, the speed of light.

• That's one of the most important lessons of the theory of relativity.
• Also, the speed of light is the fastest possible speed.
• Light always moves the same distance at the same amount of time, 

and it gets there faster than anything else, so it makes sense to use 
light-years as a unit of distance.



Light-years and the speed of light

• The speed of light is approximately:
• 300,000 km/s (kilometers per second).
• 1 billion km/h (kilometers per hour).

• Remember: distance = speed × time!
• To calculate how many kilometers are in a light-year, first we need 

to calculate how many seconds are in a year.



Light-years and the speed of light

• 1 Julian year = 365.25 days 
× 24 hours in a day
× 60 minutes per hour
× 60 seconds per minute

≈ 31.6 million seconds.
• 1 light-year = (300,000 km/s) × (31,600,000 s)

= 9,480,000,000,000
≈ 9.5 trillion km!



Some common large numbers

• Thousand: 1 followed by 3 zeros, or 1,000.
• Million: 1 followed by 6 zeros, or 1,000,000.
• Billion: 1 followed by 9 zeros, or 1,000,000,000.
• Trillion: 1 followed by 12 zeros, or 1,000,000,000,000.
• Quadrillion: 1 followed by 15 zeros, or 1,000,000,000,000,000.
• Quintillion: 1 followed by 18 zeros, or 1,000,000,000,000,000,000.
• So 9.5 trillion km means 9.5 times 1,000,000,000,000.
• If you drive a car at 120 km/h, it will take you about 9 million years 

to drive a distance of one light year!
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