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A S T R O N O M Y
T H E  S T U D Y  O F  O B J E C T S  B E Y O N D  E A R T H  
A N D  I T S  A T M O S P H E R E

Goal: Students will understand what astronomy is, 
and how to describe the locations of objects in the sky.
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C E L E S T I A L  O B J E C T S

O B J E C T S  S E E N  I N  T H E  S K Y  
T H A T  A R E  O U T S I D E  E A R T H ’ S  
A T M O S P H E R E .

Goal: Students will understand what astronomy is, 
and how to describe the locations of objects in the sky.
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H O W  C A N  W E  
L O C A T E  O B J E C T S  I N  
T H E  S K Y ?

• Altitude - the angle above 
the horizon.

• Zenith - 90° in altitude, or 
directly above an observer. 

• Azimuth - compass direction 
expressed in degrees. (North 
(0° or 360°), East (90°), South 
(180°), and West (270°).)

Goal: Students will understand what astronomy is, 
and how to describe the locations of objects in the sky.
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http://www.deleoscience.com/earth-science/astronomy/simulators/altitude-azimuth


Goal: Students will understand what astronomy is, 
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Goal: Students will understand what astronomy is, 
and how to describe the locations of objects in the sky.

Azimuth Directions

Observer

North - 0°

East - 90°

South - 180°

West - 270°

Northeast - 45°

Southeast - 135°Southwest - 225°

Northwest - 315°
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T H E  S U N ’ S  A P P A R E N T  P A T H

Goal: Students will be able to describe the “motions” of the Sun.
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Goal: Students will be able to describe the “motions” of the Sun.
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W H Y  D O  T H E  S U N  A N D  
O T H E R  O B J E C T S  A P P E A R  T O  
M O V E  A C R O S S  T H E  S K Y ?

• Early people thought the 
entire Universe revolved 
around the Earth. This is 
called the geocentric model, 
and we now know that it was 
completely wrong.

Goal: Students will be able to describe the “motions” of the Sun.
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T H E  H E L I O C E N T R I C  
M O D E L

• Great scientists like 
Capernicus, Galileo, and 
Kepler proved that objects in 
our Solar System move 
around the Sun.

• This model is known as the 
heliocentric model.

Goal: Students will be able to describe the “motions” of the Sun.
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Goal: Students will be able to describe the “motions” of the Sun.
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W H Y  D O  T H E  S U N  A N D  
O T H E R  O B J E C T S  A P P E A R  T O  
M O V E  A C R O S S  T H E  S K Y ?

• Earth goes through two real 
motions that causes objects in 
space to appear to move.

• The Earth revolves around the 
Sun.

• The Earth rotates on its axis.

• Revolution - The motion of the 
planets in their orbits around the 
sun.

• Rotation - A spinning motion.

Goal: Students will be able to describe the “motions” of the Sun.

4 -
5

http://www.solarsystemscope.com/sunaeon/
http://www.solarsystemscope.com/sunaeon/


H O W  D I D  S C I E N T I S T S  P R O V E  T H E S E  
M O T I O N S  W I T H O U T  G O I N G  I N T O  S P A C E  
T O  O B S E R V E  T H E M ?

Goal: Students will be able to describe the “motions” of the Sun.
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P R O O F  T H E  E A R T H  R O T A T E S

• Foucault Pendulum

• Coriolis Effect - Moving objects on Earth’s surface deflect to 
the right in the Northern Hemisphere, and to the left in the 
Southern Hemisphere.

Goal: Students will be able to describe the “motions” of the Sun.
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T H E  S U N ’ S  A P P A R E N T  P A T H

Goal: Students will be able to describe the “motions” of the Sun.
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http://www.deleoscience.com/earth-science/astronomy/simulators/sun-motions


W H A T  C A U S E S  
T H E  S E A S O N S ?

Goal: Students will determine why Earth experiences seasons.

6

http://www.deleoscience.com/earth-science/astronomy/simulators/seasons
http://www.deleoscience.com/earth-science/astronomy/simulators/seasons


S E A S O N S  O N  E A R T H  A R E  L I N K E D  
T O  T H E  L O C A T I O N  O N  E A R T H  
T H A T  I S  R E C E I V I N G  D I R E C T  
S O L A R  R A D I A T I O N .

• Spring (March 21) - Sun is directly 
overhead the equator (0°).

• Summer (June 21) - Sun is directly 
overhead the Tropic of Cancer 
(23.5°N).

• Autumn (September 21) - Sun is 
directly overhead the equator (0°).

• Winter (December 21) - Sun is 
directly overhead the Tropic of 
Capricorn (23.5°S).

Goal: Students will determine why Earth experiences seasons.
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W H Y  D O E S  T H E  L O C A T I O N  O F  D I R E C T  
S O L A R  R A D I A T I O N  C H A N G E ?

Goal: Students will determine why Earth experiences seasons.
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Goal: Students will determine why Earth experiences seasons.
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T H R O U G H O U T  T H E  Y E A R ,  D I F F E R E N T  A R E A S  R E C E I V E  
D I F F E R E N T  A M O U N T S  O F  S U N L I G H T ,  A N D  S O M E  
R E C E I V E  N O  S U N L I G H T  A T  A L L  F O R  U P  T O  6  M O N T H S !

Goal: Students will determine why Earth experiences seasons.

7

http://www.deleoscience.com/earth-science/astronomy/simulators/daylight


T H E  S U N ’ S  A P P A R E N T  P A T H  D U R I N G  
D I F F E R E N T  S E A S O N S

Goal: Students will determine why Earth experiences seasons.

7

http://www.deleoscience.com/earth-science/astronomy/simulators/sun-motions
http://www.deleoscience.com/earth-science/astronomy/simulators/sun-motions


W H E R E  D O E S  T H E  S U N  R I S E  A N D  S E T  
T H R O U G H O U T  T H E  Y E A R ?

Goal: Students will determine why Earth experiences seasons.

7 - 8

http://www.deleoscience.com/earth-science/astronomy/simulators/sun-on-horizon


H O W  D O  O T H E R  C E L E S T I A L  O B J E C T S  
A P P E A R  T O  M O V E ?

Goal: Students will determine how all celestial objects appear to move.

9

http://physics.weber.edu/schroeder/sky/skymotionapplet.html
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Goal: Students will determine how all celestial objects appear to move.

1 0



D A I L Y  M O T I O N S  O F  
C E L E S T I A L  O B J E C T S

• Earth’s rotation will make celestial 
objects appear to move on a daily 
basis.

• All objects appear to move around 
Polaris (The North Star) in the 
Northern Hemisphere.

• Some stars will stay in the sky and 
never set. These stars are called 
circumpolar stars.

• Other stars will rise in the east and 
set in the west, just like the Sun.

Goal: Students will determine how all celestial objects appear to move.

1 0

http://physics.weber.edu/schroeder/sky/skymotionapplet.html
http://physics.weber.edu/schroeder/sky/skymotionapplet.html


Y E A R L Y  M O T I O N S  O F  
C E L E S T I A L  O B J E C T S

• Earth’s revolution will make 
celestial objects appear to 
move throughout the year.

• Some constellations will 
appear in the sky during 
certain months, but not in 
others.

Goal: Students will determine how all celestial objects appear to move.

1 0



Goal: Students will determine how all celestial objects appear to move.

1 0



T H E  M O O N

Goal: Students will define the Moon and describe its motions.
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W H A T  I S  T H E  
M O O N ?

• Any moon is a natural 
satellite of a planet.

• A satellite is an object in 
space that revolves around 
another object under the 
influence of gravity.

Goal: Students will define the Moon and describe its motions.

1 1



M O O N S  O F  S A T U R N

Goal: Students will define the Moon and describe its motions.

1 1



M O O N S  O F  J U P I T E R

Goal: Students will define the Moon and describe its motions.

1 1



H O W  D I D  O U R  M O O N  G E T  
T H E R E ?

Goal: Students will define the Moon and describe its motions.
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Goal: Students will define the Moon and describe its motions.
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H O W  D O E S  T H E  
M O O N  M O V E ?

• Like any planet, the orbits of 
moons are elliptical (not 
circular).

• The Moon takes 27.3 days to 
complete one orbit.

• An ellipse is an object drawn 
around two fixed points called 
foci. Each individual point is 
called a focus.

Goal: Students will define the Moon and describe its motions.

1 1

http://www.deleoscience.com/earth-science/astronomy/simulators/lunar-phases
http://www.deleoscience.com/earth-science/astronomy/simulators/kepler-orbits


P H A S E S  O F  T H E  M O O N
Goal: Students will define the Moon and describe its motions.

1 2



W H A T  C A U S E S  T H E  
P H A S E S  O F  T H E  
M O O N ?

• Phase - the apparent shape of 
the moon, which is determined 
by the pattern of light and 
shadow.

• The Moon’s phase is determined 
by how much of the lit side of 
the Moon is facing the Earth.

• It takes 29.5 days for the Moon 
to go through all of its phases.

Goal: Students will define the Moon and describe its motions.

1 2

http://www.deleoscience.com/earth-science/astronomy/simulators/lunar-phases
http://www.deleoscience.com/earth-science/astronomy/simulators/lunar-phases


W H Y  D O E S  I T  T A K E  2 7 . 3  D A Y S  F O R  T H E  M O O N  T O  
O R B I T  T H E  E A R T H ,  B U T  2 9 . 5  D A Y S  F O R  T H E  M O O N  
T O  G O  T H R O U G H  I T S  P H A S E S ?

Goal: Students will define the Moon and describe its motions.

1 2



W H Y  D O E S  I T  T A K E  2 7 . 3  D A Y S  F O R  T H E  M O O N  T O  O R B I T  
T H E  E A R T H ,  B U T  2 9 . 5  D A Y S  F O R  T H E  M O O N  T O  G O  
T H R O U G H  I T S  P H A S E S ?

As moon orbits 
Earth, the Earth-
Moon system 
moves relative to 
the sun. Moon 
has completed 
one revolution 
relative to the 
background of 
stars.

The moon moves 13.5 degrees per day .

1 2



Goal: Students will define the Moon and describe its motions.

1 2



E C L I P S E S

Goal: Students will explain why eclipses occur.

1 3



E C L I P S E S

Goal: Students will explain why eclipses occur.
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W H A T  I S  A N  
E C L I P S E ?

• An eclipse occurs when one 
celestial object blocks the light of 
another.

• We have two types of eclipses:

• Solar eclipse - when the Moon 
blocks sunlight from reaching 
the Earth.

• Lunar eclipse - when the Earth 
blocks sunlight from reaching 
the Moon.

Goal: Students will explain why eclipses occur.

1 3

http://flash_simulator_eclipses.swf


Goal: Students will explain why eclipses occur.
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W H Y  D O E S N ’ T  A N  E C L I P S E  
H A P P E N  E V E R Y  M O N T H ?

Goal: Students will explain why eclipses occur.

1 4

http://deleoscience.com/earth-science/astronomy/simulators/eclipses


Goal: Students will explain why eclipses occur.

1 4



W H A T  E L S E  C A N  T H E  M O O N  
I N F L U E N C E  O N  E A R T H ?

Goal: Students will discover how the Moon influences the Earth.

1 5
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Goal: Students will discover how the Moon influences the Earth.
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W H A T  A R E  T I D E S ?

• The twice-daily cycle of change in sea level.

• Tides are caused by the gravitational attraction between 
the Moon and Earth, as well as between the Sun and Earth.

Goal: Students will discover how the Moon influences the Earth.

1 5

http://www.deleoscience.com/earth-science/astronomy/simulators/tides


Low Tide

Low Tide

Goal: Students will discover how the Moon influences the Earth.
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Goal: Students will discover how the Moon influences the Earth.

1 6



T H E R E  A R E  T W O  S P E C I A L  T I D E S

• Spring tide: When the Earth, sun, and moon are in a line 
with one another, and the range of the tides is highest 
(highest high tide and lowest low tide). (The sun and moon 
do not need to be on the same side of Earth.)

• Neap tide: When the sun and moon are at right angles to 
Earth, and the range of the tides is the lowest (lowest high 
tide and highest low tide).

Goal: Students will discover how the Moon influences the Earth.

1 6

http://www.deleoscience.com/earth-science/astronomy/simulators/tides


Goal: Students will discover how the Moon influences the Earth.

1 6



T H E  S O L A R  S Y S T E M
Goal: Students will be able to describe properties of solar system objects.
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Goal: Students will be able to describe properties of solar system objects.

1 7



T H E  S O L A R  
S Y S T E M

• Our Solar System has 8 
planets that revolve around 
the Sun.

• Other objects in our Solar 
System include:

• Asteroids

• Comets

• Moons

Goal: Students will be able to describe properties of solar system objects.

1 7

http://www.solarsystemscope.com/sunaeon/
http://www.solarsystemscope.com/sunaeon/


P L A N E T S

• Planets are: 

• Objects that orbit around 
Stars.

• Have enough mass to have 
a “spherical” shape.

• Have cleared out their 
orbits of other objects.

Goal: Students will be able to describe properties of solar system objects.

1 7

http://www.solarsystemscope.com/sunaeon/


Goal: Students will be able to describe properties of solar system objects.
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Goal: Students will be able to describe properties of solar system objects.
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T W O  T Y P E S  O F  P L A N E T S

• Terrestrial Planets:

• “Rocky” composition.

• Small size.

• High density.

• Short periods of revolution.

• Jovian Planets:

• “Gas Giants”

• Large in size.

• Low density.

• Higher periods of revolution.

Goal: Students will be able to describe properties of solar system objects.

1 8

http://www.deleoscience.com/earth-science/astronomy/simulators/solar-system-properties


A L L  P L A N E T S  O R B I T  T H E  S U N  I N  
A N  E L L I P T I C A L  P A T H .

Goal: Students will be able to describe the orbits of planets.

1 9

http://www.deleoscience.com/earth-science/astronomy/simulators/kepler-orbits


H O W  D O  P L A N E T S  
M O V E ?

• The orbits of planets and 
moons are elliptical (not 
circular).

• An ellipse is an object drawn 
around two fixed points 
called foci. Each individual 
point is called a focus.

Goal: Students will be able to describe the orbits of planets.

1 9

http://www.deleoscience.com/earth-science/astronomy/simulators/kepler-orbits


Goal: Students will be able to describe the orbits of planets.
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Goal: Students will be able to describe the orbits of planets.
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Goal: Students will be able to describe the orbits of planets.

A C

D

B

• Point A in the orbit is known as perihelion. This is when the 
object is at its closest point to the Sun, and moving the fastest.

• Point C in the orbit is known as aphelion. This is when the 
object is at its furthest point from the Sun, and moving the 
slowest.

2 0





Measure distance between foci.

4.2 cm
9.8 cm

Measure length of major axis.

= 0.429



4.2 cm
9.8 cm

Place an S where the Sun is.

S

Place an X where the object 
is moving the fastest.

X

= 0.429



T H E  U N I V E R S E
Goal: Students will be able to explain the origins of the Universe.

2 1



W E  K N O W  T H E  E A R T H  I S  A  M E M B E R  O F  
T H E  S O L A R  S Y S T E M .  W H A T  I S  B E Y O N D  
T H E  S O L A R  S Y S T E M ?

Goal: Students will be able to explain the origins of the Universe.

2 1



T H E  M I L K Y  W A Y  
G A L A X Y

• Our Solar System is just one of billions 
of other systems of stars and planets 
that are drawn together by the force 
of gravity.

• This large group of stars that orbits a 
central point is known as the Milky 
Way Galaxy.

• There are millions, if not billions of 
galaxies in the Universe, each with 
millions of star systems in them.

• Most, if not all galaxies likely have a 
black hole at their centers.

Goal: Students will be able to explain the origins of the Universe.
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H O W  D I D  T H E  U N I V E R S E  
F O R M ?

Goal: Students will be able to explain the origins of the Universe.

2 1



D O P P L E R  
E F F E C T

• All throughout the Universe, 
we know what color stars 
and galaxies should be.

• By observing the incoming 
radiation from these objects, 
scientists have realized that 
most objects in the Universe 
are more red than they 
should be.

Goal: Students will be able to explain the origins of the Universe.

2 1

http://www.deleoscience.com/earth-science/astronomy/simulators/doppler-effect
http://www.deleoscience.com/earth-science/astronomy/simulators/doppler-effect


D O P P L E R  
E F F E C T

• The Doppler Effect says that the 
wavelength of energy will appear 
to be longer when an object 
moves away from an observer. 
This is called the Red Shift.

• It also says that the wavelength 
of energy will appear to be 
shorter when an object moves 
toward an observer. This is called 
the Blue Shift.

Goal: Students will be able to explain the origins of the Universe.

2 2

http://www.deleoscience.com/earth-science/astronomy/simulators/doppler-effect
http://www.deleoscience.com/earth-science/astronomy/simulators/doppler-effect


Goal: Students will be able to explain the origins of the Universe.
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Goal: Students will be able to explain the origins of the Universe.
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T H I S  M U S T  M E A N  M O S T  O B J E C T S  I N  T H E  U N I V E R S E  
A R E  M O V I N G  A W A Y  F R O M  U S ,  A N D  T H E  U N I V E R S E  I S  
E X P A N D I N G  O U T W A R D S  I N  A L L  D I R E C T I O N S .

Goal: Students will be able to explain the origins of the Universe.

2 2



W H I C H  M E A N S  I T  W A S  A L L  T O G E T H E R  A T  
O N E  P O I N T  M A N Y  Y E A R S  A G O .

Goal: Students will be able to explain the origins of the Universe.

2 2



T H E  F O R M A T I O N  O F  T H E  U N I V E R S E  A N D  
T H E  O U T W A R D  E X P A N S I O N  I S  K N O W N  A S  
T H E  B I G  B A N G .

Goal: Students will be able to explain the origins of the Universe.
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Goal: Students will be able to explain the origins of the Universe.
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S O  W E  A R E  A  T I N Y  S P E C K  
C O M P A R E D  T O  E A R T H …

Goal: Students will develop a sense of scale in the Universe.
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W H I C H  I S  A  T I N Y  P L A N E T  
I N  O U R  S O L A R  S Y S T E M …
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W H E R E  E V E R Y  P L A N E T  O R B I T S  
A R O U N D  A  V E R Y  A V E R A G E  S T A R …

Goal: Students will develop a sense of scale in the Universe.
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W H I C H  I S  A  M E M B E R  O F  T H E  M I L K Y  W A Y  
G A L A X Y ,  W I T H  B I L L I O N S  O F  O T H E R  S T A R S  I N  
I T  T H A T  A R E  J U S T  L I K E  T H E  S U N …

Goal: Students will develop a sense of scale in the Universe.
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A N D  T H E  M I L K Y  W A Y  G A L A X Y  I S  J U S T  O N E  O F  
M I L L I O N S ,  O R  P E R H A P S  E V E N  B I L L I O N S  O F  
G A L A X I E S  I N  O U R  U N I V E R S E …

Goal: Students will develop a sense of scale in the Universe.
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Goal: Students will develop a sense of scale in the Universe.
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F E E L I N G  I N S I G N I F I C A N T  Y E T ?  T H E  
U N I V E R S E  I S  A  H U G E  P L A C E !

Goal: Students will develop a sense of scale in the Universe.

2 3



D I S T A N C E S  I N  
T H E  U N I V E R S E

• Distances in the Universe are so 
HUGE that we need a different 
way of measuring distance 
beyond meters or miles.

• We measure distance in space by 
using the unit light-year.

• One light-year is equal to the 
distance electromagnetic energy 
will travel in one year (6 trillion 
mi., 10 trillion km).

Goal: Students will develop a sense of scale in the Universe.
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T H E  M I L K Y  W A Y  G A L A X Y  I S  B E T W E E N  1 0 0 , 0 0 0 –
1 2 0 , 0 0 0  L I G H T - Y E A R S  I N  D I A M E T E R .

Goal: Students will develop a sense of scale in the Universe.
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I N  A  H U G E  U N I V E R S E  W I T H  S O  M A N Y  
U N A N S W E R E D  Q U E S T I O N S ,  W H E R E  D O  
W E  F I T  I N ?

Goal: Students will discover the processes involved in all stars.

2 4



Goal: Students will discover the processes involved in all stars.

2 4



Goal: Students will discover the processes involved in all stars.

2 4



B E L I E V E  I T  O R  N O T ,  W E  O W E  
O U R  E X I S T E N C E  T O  S T A R S .

Goal: Students will discover the processes involved in all stars.

2 4



W H A T  A R E  S T A R S ?

Goal: Students will discover the processes involved in all stars.

2 4



S T A R S

• A star is a massive object in 
space that creates energy and 
radiates it as electromagnetic 
radiation.

• The closest star to Earth is the 
Sun.

• Most visible objects in space 
are stars or collections of 
stars (galaxies).

Goal: Students will discover the processes involved in all stars.

2 4



S T A R S

• Stars create energy using a 
process called nuclear fusion.

• Nuclear fusion - the process 
by which light elements join 
to make heavier elements.

• All the heavier elements in 
our cells were created 
because of nuclear fusion in 
stars many years ago.

Goal: Students will discover the processes involved in all stars.

2 4
-



Goal: Students will discover the processes involved in all stars.

2 5



M A I N  S E Q U E N C E  S T A R S

• Main sequence stars are young stars that are using hydrogen fusion.

• Most stars in the Universe are Main Sequence stars.

• Dwarf Stars:

• Yellow Dwarf - Yellow dwarfs are small, main sequence stars. The 
Sun is a yellow dwarf. 

• Red Dwarf – A small, cool, very faint, main sequence star whose 
surface temperature is under about 4,000 K.  The most common 
type of star. 

Goal: Students will discover the processes involved in all stars.

2 6

http://www.deleoscience.com/earth-science/astronomy/simulators/hr-diagram-explorer


G I A N T  A N D  S U P E R G I A N T  S T A R S

• Giant and Supergiant stars are old Stars that have left the Main Sequence, 
and no longer use hydrogen fusion.

• Red Giant – A relatively old star whose diameter is about 100 times bigger 
than it was originally, and has become cooler (the surface temperature is 
under 6,500 K). They are frequently orange in color. 

• Blue Giant – A huge, very hot, blue star. It is a post-main sequence star that 
burns helium.

• Supergiant – A rare type of star that is the largest known type of star.  Some 
are almost as large as our entire solar system.  When supergiants die they 
supernova and become black holes or neutron stars.

Goal: Students will discover the processes involved in all stars.

2 6

http://www.deleoscience.com/earth-science/astronomy/simulators/hr-diagram-explorer


D E A D  S T A R S

• Dead stars are stars that are no longer undergoing the process of fusion.

• White Dwarf – A small, very dense, hot star that is made mostly of carbon. 
These faint stars are what remains after a red giant star loses its outer 
layers.  Will eventually cool down to become a black dwarf.

• Brown Dwarf – A "star" whose mass is too small to have nuclear fusion 
occur at its core (the temperature and pressure at its core are insufficient 
for fusion). A brown dwarf is not very luminous. 

• Neutron Star - A neutron star is a very small, super-dense star which is 
composed mostly of tightly-packed neutrons.

Goal: Students will discover the processes involved in all stars.

2 7

http://www.deleoscience.com/earth-science/astronomy/simulators/hr-diagram-explorer


W H A T  C O N T R O L S  T H E  L I F E  
C Y C L E  O F  A  S T A R ?

Goal: Students will determine the life cycle of all stars.

2 8



A L L  S T A R S  A R E  B O R N  I N  N E B U L A E
Goal: Students will determine the life cycle of all stars.

2 8



G R A V I T Y  P U L L S  G A S E S  T O G E T H E R ,  A N D  E V E N T U A L L Y  T H E  S T A R  
W I L L  H A V E  E N O U G H  M A S S  F O R  N U C L E A R  F U S I O N  T O  O C C U R .

Goal: Students will determine the life cycle of all stars.

2 8



HR Diagram 
Explorer

Goal: Students will determine the life cycle of all stars.

2 8

http://www.deleoscience.com/earth-science/astronomy/simulators/hr-diagram-explorer


I F  A  S T A R  I S  B I G …

Goal: Students will determine the life cycle of all stars.

2 8



I T  W I L L  B E  H O T T E R …

Goal: Students will determine the life cycle of all stars.

2 8



B R I G H T E R …

Goal: Students will determine the life cycle of all stars.

2 8



A N D  U S E  U P  I T S  E N E R G Y  
Q U I C K E R .

Goal: Students will determine the life cycle of all stars.

2 8



Blue giants have a huge 
mass, and are therefore 

hot and bright.

They will therefore use 
their energy quicker, 
cool down, expand 

outward, and become a 
supergiant.

Once supergiants run 
out of energy, they will 

supernova, and can turn 
into a neutron star or a 

black hole.

HR Diagram 
Explorer 2 8

http://www.deleoscience.com/earth-science/astronomy/simulators/hr-diagram-explorer


I F  A  S T A R  I S  S M A L L E R …

Goal: Students will determine the life cycle of all stars.

2 9



I T  W I L L  B E  C O O L E R …

Goal: Students will determine the life cycle of all stars.

2 9



D I M M E R …

Goal: Students will determine the life cycle of all stars.

2 9



A N D  U S E  U P  I T S  E N E R G Y  
S L O W E R .

Goal: Students will determine the life cycle of all stars.

2 9



Yellow dwarves like our 
Sun are relatively small. 
They will remain a main 
sequence star for a long 

time.

They will eventually run 
out of hydrogen, and 

start using helium. 
When this occurs, they 

will become a giant star, 
cooling down and 

expanding outward.

Once giants run out of 
energy, they will simply 
contract and fade away, 
no longer creating any 

more energy.
HR Diagram 

Explorer 2 9

http://www.deleoscience.com/earth-science/astronomy/simulators/hr-diagram-explorer


D O  A L I E N S  E X I S T ?



S E T I

S E A R C H  F O R  E X T R A - T E R R E S T R I A L  
I N T E L L I G E N C E



S E T I

• Search for Extraterrestrial 
Intelligence

• The mission of the SETI 
Institute is to explore, 
understand and explain the 
origin, nature and prevalence 
of life in the universe.

http://www.seti.org


S E T I  R E S E A R C H

SETI, the Search for Extraterrestrial 
Intelligence, is an exploratory science that 
seeks evidence of life in the universe by 
looking for some signature of its technology. 
Our current understanding of life’s origin on 
Earth suggests that given a suitable 
environment and sufficient time, life will 
develop on other planets. Whether 
evolution will give rise to intelligent, 
technological civilizations is open to 
speculation. However, such a civilization 
could be detected across interstellar 
distances, and may actually offer our best 
opportunity for discovering extraterrestrial 
life in the near future.



S I N C E  T H E  1 9 6 0 ’ S ,  R A D I O  T E L E S C O P E S  H A V E  B E E N  U S E D  T O  
P I C K  U P  R A D I O  S I G N A L S  C O M I N G  F R O M  S P A C E .



I S  E T  O U T  T H E R E ?

B L A H ,  B L A H ,  B L A H …
B A S I C A L L Y  O U R  T E C H N O L O G Y  I S N ’ T  S O P H I S T I C A T E D  E N O U G H  T O  
T E L L  I F  W E ’ R E  A C T U A L L Y  P I C K I N G  U P  S I G N A L S  F R O M  A N O T H E R  
C I V I L I Z A T I O N .



T H E  F E R M I  P A R A D O X  I S  T H E  A P P A R E N T  C O N T R A D I C T I O N  
B E T W E E N  T H E  H I G H  P R O B A B I L I T Y  E X T R A T E R R E S T R I A L  
C I V I L I Z A T I O N S '  E X I S T E N C E  A N D  T H E  L A C K  O F  C O N T A C T  W I T H  
S U C H  C I V I L I Z A T I O N S .

T H E  F E R M I  P A R A D O X



T H E  F E R M I  P A R A D O X

The basic points of the argument, made by physicists Enrico Fermi and Michael H. Hart, are:
• The Sun is a young star. There are billions of stars in the galaxy that are billions of years 

older;
• Some of these stars likely have Earth-like planets which, if the Earth is typical, may develop 

intelligent life;
• Presumably some of these civilizations will develop interstellar travel, a technology Earth is 

investigating even now;
• At any practical pace of interstellar travel, the galaxy can be completely colonized in a few 

tens of millions of years.
• According to this line of thinking, the Earth should have already been colonized, or at least 

visited. But no convincing evidence of this exists. Furthermore, no confirmed signs of 
intelligence elsewhere have been spotted, either in our galaxy or the more than 80 billion 
other galaxies of the observable universe. Hence Fermi's question, "Where is everybody?"



T H E  D R A K E  
E Q U A T I O N

• A formula derived by Dr. 
Frank Drake, Carl Sagan and 
other scientists to predict the 
number of civilizations that 
could receive and send 
technological 
communication.



• N = the number of active, communicative extraterrestrial civilizations in the 
Milky Way galaxy

• R* = the average rate of star formation, in our galaxy 
• fp = the fraction of formed stars that have planets 
• ne = the average number of planets per star that has planets that can 

potentially support life
• fl = the fraction of those planets that actually develop life
• fi = the fraction of planets bearing life on which intelligent, civilized life, has 

developed 
• fc = the fraction of these civilizations that have developed communications, 

i.e., technologies that release detectable signs into space
• L = the length of time over which such civilizations release detectable signals



• N = the number of active, communicative extraterrestrial 
civilizations in the Milky Way galaxy

• R* = the average rate of star formation, in our galaxy 
• fp = the fraction of formed stars that have planets 
• ne = the average number of planets per star that has planets 

that can potentially support life
• fl = the fraction of those planets that actually develop life
• fi = the fraction of planets bearing life on which intelligent, 

civilized life, has developed 
• fc = the fraction of these civilizations that have developed 

communications, i.e., technologies that release detectable 
signs into space

• L = the length of time over which such civilizations release 
detectable signals
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• N = the number of active, communicative extraterrestrial 
civilizations in the Milky Way galaxy

• R* = the average rate of star formation, in our galaxy 
• fp = the fraction of formed stars that have planets 
• ne = the average number of planets per star that has planets 

that can potentially support life
• fl = the fraction of those planets that actually develop life
• fi = the fraction of planets bearing life on which intelligent, 

civilized life, has developed 
• fc = the fraction of these civilizations that have developed 

communications, i.e., technologies that release detectable 
signs into space

• L = the length of time over which such civilizations release 
detectable signals

7/year 

fp*ne*fl = 10−5

10−9

0.2

304 years

L O W  
E S T I M A T E SC U R R E N T



• N = the number of active, communicative extraterrestrial 
civilizations in the Milky Way galaxy

• R* = the average rate of star formation, in our galaxy 
• fp = the fraction of formed stars that have planets 
• ne = the average number of planets per star that has planets 

that can potentially support life
• fl = the fraction of those planets that actually develop life
• fi = the fraction of planets bearing life on which intelligent, 

civilized life, has developed 
• fc = the fraction of these civilizations that have developed 

communications, i.e., technologies that release detectable 
signs into space

• L = the length of time over which such civilizations release 
detectable signals

7/year 

1

0.2 

0.13 

1

0.2

109 years

H I G H  
E S T I M A T E SC U R R E N T



W H E R E  I S  E V E R Y B O D Y ?



Big Bang 
Occurs

14 Billion 
Years Ago

Earth
Forms

4.54 Billion 
Years Ago

Present 
Day

There should be many Earth-like planets in here…



Big Bang 
Occurs

14 Billion 
Years Ago

Earth
Forms

4.54 Billion 
Years Ago

Present 
Day

Let’s say Planet X formed 8 billion years ago

Planet X
Forms

8 Billion 
Years Ago



Earth’s Lifespan
4.54 Billion Years

Planet X
Forms

8 Billion 
Years Ago

Planet X was at our 
current level of 

intelligence and technology

3.46 billions 
years of 

development 
beyond where 
we are today













K A R D A S H E V  S C A L E  -  A  M E T H O D  O F  M E A S U R I N G  A  C I V I L I Z A T I O N ' S  L E V E L  
O F  T E C H N O L O G I C A L  A D V A N C E M E N T ,  B A S E D  O N  T H E  A M O U N T  O F  E N E R G Y  
A  C I V I L I Z A T I O N  I S  A B L E  T O  U T I L I Z E  D I R E C T E D  T O W A R D S  
C O M M U N I C A T I O N .





T Y P E S  O F  C I V I L I Z A T I O N S

• A Type I Civilization has the ability to use all 
of the energy on their planet. We’re not 
quite a Type I Civilization, but we’re close 
(Carl Sagan created a formula for this scale 
which puts us at a Type 0.7 Civilization).

• A Type II Civilization can harness all of the 
energy of their host star. Our feeble Type I 
brains can hardly imagine how someone 
would do this, but we’ve tried our best, 
imagining things like a Dyson Sphere.

• A Type III Civilization blows the other two 
away, accessing power comparable to that of 
the entire Milky Way galaxy.



C O L O N I Z A T I O N  
T H E O R Y

• If 1% of intelligent life survives 
long enough to become a 
potentially galaxy-colonizing Type 
III Civilization, our calculations 
from before suggest that there 
should be at least 1,000 Type III 
Civilizations in our galaxy alone—
and given the power of such a 
civilization, their presence would 
likely be pretty noticeable. And 
yet, we see nothing, hear nothing, 
and we’re visited by no one.





1. Maybe we are rare, and the great filter is behind us.



2. We are the first advanced civilization.



3. Uhoh… the great filter is ahead of us.



O T H E R  R E A S O N S
Possibility 1) Super-intelligent life could very well have already visited Earth, but before we were 
here. 
Possibility 2) The galaxy has been colonized, but we just live in some desolate rural area of the 
galaxy.
Possibility 3) The entire concept of physical colonization is a hilariously backward concept to a more 
advanced species.
Possibility 4) There are scary predator civilizations out there, and most intelligent life knows better 
than to broadcast any outgoing signals and advertise their location.
Possibility 5) There’s only one instance of higher-intelligent life—a “superpredator” civilization (like 
humans are here on Earth)—who is far more advanced than everyone else and keeps it that way by 
exterminating any intelligent civilization once they get past a certain level.
Possibility 6) There’s plenty of activity and noise out there, but our technology is too primitive and 
we’re listening for the wrong things.
Possibility 7) We are receiving contact from other intelligent life, but the government is hiding it.
Possibility 8) Higher civilizations are aware of us and observing us (AKA the “Zoo Hypothesis”).
Possibility 9) Higher civilizations are here, all around us. But we’re too primitive to perceive them.
Possibility 10) We’re completely wrong about our reality.



A S T R O N O M Y
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