
SCI199:  Astronomy @ the Frontiers

Prof. Yanqin Wu

Research Specialties: stars and planets, 
origin and evolution of these bodies

Course web-site: www.astro.utoronto.ca/~wu/SCI199

pre-requisites: 
special permission: AST101, 121, 201



Stars, planets, moons, asteroids, galaxies, 
groups of galaxies, clusters... 
every celestial bodies in the universe, and the universe itself



What is this course about?

It's  not about facts, it's about scientific literacy.

Literacy: (OED) 

common-sense  about nature

Why astronomy?
Trignometry
digital camera
radio-isotope
nuclear energy 
medical imaging
climate change...  





Every minute counts.
It doesn't pay to squander.

Specifically, for you

the cost of learning:

the cost of not learning:



What does it take to get a good grade?

1) Presentations: 25%
1 short (1st term) + essay
1 long (2nd term) + essay

2) 10 assignments: 30%
MasteringAstronomy 
(textbook:Cosmic Perspective, 5th edition,
by Bennett et al., Pearson Addision-Wesley
bookstore discount package: ISBN 0135067928) 

3) Term test: 15%
at the end

4) Participation: 30%
attend lectures and mental participation

(23%) (7%)



Practicalities:

1) Essays are to be submitted to: 
www.Turnitin.com

course ID: (given in class)
password: (given in class)

for how to sign-in, see the essay section in 
www.astro.utoronto.ca/~wu/SCI199/presentations.html/

2) assignments distributed, completed and graded on
www.masteringastronomy.com

courseID: (given in class)
student ID: 99......... (your 9 digit student numbers)

for how to register, download the instructor .ppt file from 
www.masteringastronomy.com/site/tours/getting-started.html

http://www.Turnitin.com/
http://www.masteringastronomy.com/


Overview of the Universe

After thousands of years of curiosity, we now stand at a 
special point in history:

1) we now know what stars are and how far they are

2) we now know what “the Milky Way” is

3) we now know why stars shine and whether they die

4) we now know quite a bit about planets (around our and 
other stars)

5) we now know the universe is 14 Gyrs old

6) we are getting to understand how things arise in this 
universe



Earth: our home planet

We know:

The Earth spins around its axis

The Moon orbits around the Earth

Both the Earth and the Moon go around the Sun

Earth-Moon in scale



Object sizes in scale.
The solar system: our little oasis

All planets spin 

Many of them have moons

They all orbit the Sun in the same sense, in a plane.



1 astronomical unit (1 AU)



If the Earth's orbit around the Sun is the size of a dinner plate, how big
would the orbit of Pluto be?

1) size of a large dinner plate

2) size of a small class-room

3) size of down-town Toronto

4) size of Canada

The complete solar system is much, much bigger ....



The furthest point human has been...



The Solar system: visited by man-made objects



the closest star system to us  -- Alpha-Centauri 
4.4 lightyears



Distance = speed x time

1 lightyear = distance light travels in a year
 = speed of light x 1 year

           ~ 10,000,000,000,000 kilometers
(~ 10 trillion kilometers

             or 1013 kilometers) 



If the Earth's orbit around the Sun is the size of a dinner plate, and Pluto's
orbit size of this room, how far would the nearest star be?

1) here to CN Tower

2) here to Pearson airport 

3) across lake to Niagara Falls

4) Toronto to Vancouver

Light takes 8 minutes to travel from Sun to Earth, but takes 4.4 yrs
to get to the nearest star. After Pluto, it's another factor of 1000.



What is in-between us and the nearest star?



The Sun goes around the centre of the Galaxy

The Milky Way galaxy

The Sun was born when the
 Milky way is half its current age; 
the Sun is half way through its life.





How many stars in the Galaxy?

~ 100 billion (1011) stars

Number of sand grains in a sandpit  
~ 100 billion



Galaxies contain stars, gas, dust, dark matter...

Artist's conception of a galaxy, stars
lie at different locales and orbit around
the galaxy.



Some (unconventional) galaxies on the sky







A galaxy is an island in the universe.

The space is very, very empty outside a galaxy.



Galaxies form communities. 

A small community is called 'group'  (groups of galaxies)

The Milky Way galaxy is one of the largest galaxies in our local group (~100)



Groups of galaxies come in clusters  (clusters of galaxies)

We belong to the Virgo supercluster, which contains ~ 100 groups of galaxies.



A cluster of galaxies is an island universe.

The space is very, very empty 
outside the cluster (void).



The universe
made of clusters of galaxies, and voids



Our Cosmic AddressOur Cosmic Address



Earth Solar system
(not to scale)

Milky Way galaxy

Local group

Local supercluster

UniverseUniverse

1 million
times

100 million times

100
times

10
times

100
times

0.04 light-seconds0.04 light-seconds

8 light-minutes8 light-minutes

28,000 light-years28,000 light-years2.5 million2.5 million
light-yearslight-years

60 million60 million
light-yearslight-years

14 billion14 billion
light-yearslight-years

contains
~100 billion stars

contains   
~100 billion galaxies

Light takes 14 Billion years to travel to 
the end of our universe.



Demonstration: zooming out in the universe



Overview of the Universe
We are at a lucky time:

1) we now know what stars are and how far they are

2) we now know what “the Milky Way” is

3) we now know why stars shine and whether they die

4) we now know quite a bit about planets (around our and 
other stars)

5) we now know the universe is 14 Gyrs old

6) we are getting to understand how things arise in this 
universe



How many intelligent lives are there in the universe?

1) how likely evolution gives rise to intelligence?

2) how likely an Earth-like planets harbours life?

3) how many Earth-like planets each star owns?

4) how many stars are in a galaxy?

5) how many galaxies are in the universe?

Multiplying all together   ---- the Drake's equation



If we are born 100 years later....

1) we might understand why the universe is as it is
 
2) we might know whether the Solar System is unique

3) we might know whether there is life beyond

....


