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Astronomy 102
September 6, 2005.  Today’s Topics.

• Course information:

• Results of Survey
• Astronomy 102 Homework

• Continuation of our discussion of how big is that:

• Distances/sizes
• Mass
• Time
• Velocity
• Luminosity
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Astronomy 102, Fall 2005
Background Survey

Questions:
1. Arithmetic
2. Units
3. Scientific notation
4. Algebra
5. Geometry
6. Graphs
7. Trigonometry
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• One could travel to the nearest
stars faster than light, or travel
backwards through time, by
taking shortcuts through
hyperspace.

• The Universe began with an
explosion, setting all of its
contents into an outward
expansion that persists to this
day. Accepted ----------------> Nonsense
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Astronomy 102, Fall 2005
Background Survey

• There are canals on Mars, we
believe. Where there are canals,
there is water; where there is
water, there is oxygen; where
there is oxygen, we can breathe.

• One's destiny is determined by
the relative positions in the sky
of the stars, planets, Sun and
Moon at the moment of one's
birth.

Accepted ----------------> Nonsense
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Astronomy 102
Homework  -  WeBWork

• The Astronomy 102 homework
assignments can be accessed
electronically via the homework link
on the Astronomy 102 home page.

• The homework system will provide
you with immediate feedback on
your solutions.

• The system will be available 24
hours a day ……… but do not wait
until the last minute to enter your
solutions.

• The first assignment will be
available on Thursday (I will give a
demonstration then).
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How big is that?
Units of Distance/Size

• The unit most frequently used in astronomy to specify the
distances between and the sizes of astronomical objects is
the light year (ly).

• One light year is the distance traveled by light in one year.

• Examples of distances and sizes in terms of light years:

• Distance between stars in a galaxy: a few light years

• Diameter of normal galaxies: a few tens of thousand light years

• Distance between galaxies: a few million light years
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How big is that?
Units of Distance/Size

• It happens frequently that the units in which our
observations are made are not the units we need to compare
our observations with theories.

• To be able to compare the results of our observations with
the predictions made by our theories we may need to carry
out unit conversions.

• The principle of unit conversions relies on the fact that if
we multiply the value of a certain observable by 1, the
results of the multiplication does not change the value of
our observable.
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How big is that?
Astronomical Distances

• NGC 4945 is a nearby spiral
galaxy in the Centaurus Group of
galaxies.

• Its distance from earth is about
12 Mly.

• The image shown here, shows
and edge-on view of this galaxy.

• NGC 4945 has an unusual,
energetic nucleus, indicating that
it might house a large black hole.
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How big is that?
Unit Conversions

• Example:
• The distance from the earth to

NGC 4945 is 12 Mly.
• What it the distance between the

earth and this galaxy in miles
(mi)?

• Solution:
• Convert the distance to ly:

distance = 12 x 106 ly
• Convert the distance to km:

distance = (12 x 106 ly)*(9.46 x
1012 km)/(1 ly) = 115 x 1018 km

• Convert the distance to mi:
distance = (115 x 1018 km)* (1
mi)/(1.6 km) = 72 x 1018 mi =
72000000000000000000 mi.

• Facts:

• 1 Mly = 106 ly =>
1 = (106 ly)/(1 Mly)

• 1 ly = 9.46 x 1012 km =>
1 = (9.46 x 1012 km)/(1 ly)

• 1 mi = 1.6 km =>
1 = (1 mi)/(1.6 km)
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How big is that?
Units of Mass

• The unit of mass most
commonly used in astronomy is
the solar mass.

• One solar mass is equal to the
current mass of our sun.

• Typical values:
• The earth: 3 x 10-6 Mo.
• Smallest stars: 0.08 Mo.
• Normal stars: one Mo
• Giant stars: tens of Mo
• Normal galaxies: 1010 - 1011 Mo
• Galaxy clusters: 1014 - 1015 Mo

Image of the sun taken on March 21, 2000
SOHO is a project of international cooperation 
between ESA and NASA 
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How big is that?
 Units of Mass

Vega: Bright blue star, 25 light years away
It has a mass of about 2.5 solar mass unit.

D. Moffatt (DOA), ScienceWeb, 
Starry Messenger Communications



5

Frank L. H. Wolfs Department of Physics and Astronomy, University of Rochester

How big is that?
Unit Conversions

• Example:

• The mass of Vega is  2.5 Mo.
• What is its mass in pounds?

• Solution:

• Convert the mass to grams:
mass = 2.5 Mo * (2.0 x 1033

grams)/(1 Mo) = 5.0 x 1033 grams
• Convert the mass to pounds:

mass = (5.0 x 1033 grams) * (1
pound)/(454 grams) = 1.1 x 1031

pounds.

• Facts:

• 1 Mo = 2.0x1033 grams =>
1 = (2.0x1033 grams )/(1 Mo)

• 1 pound = 454 grams =>
1 = (1 pound)/(454 grams)
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Let’s take a break ….

• During the break you can

• Ask questions

• Talk to the stardust sitting next to
you

• Enjoy the image of two galaxies
colliding, and be happy that the
earth is not part of either galaxy.

Image: colliding galaxies, NGC 4038 
and 4039 (Ohio State University)
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How big is that?
 Times and ages in astronomy

seconds hours days years

Earth’s rotation period 8.64!104 24 1

Moon’s revolution period 2.42!106 672 28

Earth’s revolution period 3.16!107 8.77!103 365.25 1

Century 3.16!109 100

Recorded human history 1.6!1011 5000

Milky Way Galaxy’s rotation

period (at Sun’s orbit)

7.5!1015 2.4!108

Age of the Sun and Earth 1.4!1017 4.5!109

Total lifetime of the Sun 4.7!1017 1.5!1010

Age of the Universe 4!1017 1010
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How big is that?
Typical time spans

• Planetary revolution period:
around 1 year

• Life expectancy, normal stars:
around 1010 years

• Life expectancy, giant stars: 106 -
108 years

• Rotation period of normal
galaxies: 107 - 109 years

• Important conversion factors:
• 1 year = 3.16x107 seconds
• 1 hour = 3600 seconds M100, 100 billion stars, 56 Mly from earth, Image: NASA

The Mysterious Rings of Supernova 1987a 
Credit: C. Burrows (ESA/STScI), HST, NASA 
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How big is that?
Unit Conversions

• Example:

• What is the typical lifetime of a
human being in terms of hours?

• Solution:

• Convert the lifetime to seconds:
lifetime = 75 years * (3.16x107

seconds)/(1 year) = 2.37 x 109 s
• Convert the lifetime to hours:

lifetime = (2.37 x 109 s) * (1
hour)/(3600 s) = 6.6 x 105 hours.

• Facts:

• 1 year = 3.16x107 seconds =>
1 = (3.16x107 seconds)/
      (1 year)

• 1 hour = 3600 s =>
1 = (1 hour)/(3600 s)
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How big is that?
Speeds in astronomy

cm per

second

km per

second

miles per

hour

NYS Thruway speed limit 3.0!103 3.0!10-2 65

Earth’s rotational speed at the

equator

4.7!104 0.47 1050

Speed of Earth in orbit 3!106 30

Speed of Sun in orbit around

center of Milky Way

2.2!107 220

Speed of Milky Way with respect

to Virgo Cluster

5!107 500

Speed of light 2.9979!1010 2.9979!105
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How big is that?
Speeds in astronomy
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How big is that?
 Luminosity (total power output) in astronomy

Credit: Courtesy CFA, TRACE Team, NASA

Frank L. H. Wolfs Department of Physics and Astronomy, University of Rochester

How big is that?
 Luminosity (total power output) in astronomy

• The luminosity of an object is
the rate with which it generates
energy.

• Most of the energy generated by
stars is emitted in the form of
light.

• The brightness of a star depends
both on its luminosity and on its
distance from the observer. Brown Sun Bubbling 

Credit & Copyright: Robert Gendler 
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How big is that?
 Luminosity (total power output) in astronomy

ergs per

second

watts Solar

luminosities

100 W light bulb 1.0!109 100

150 horsepower car engine 1.2!1012 1.2!105

Large city 1015 108

H bomb (1 megaton, 0.01 s) 4.2!1021 4.2!1014 1.1!10-12

Sun 3.8!1033 3.8!1026 1

Largest stars 4!1038 4!1031 105

Milky Way galaxy 4!1043 1010

3C 273 (a typical quasar) 4!1045 1012
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How big is that?
 Luminosity (total power output) in astronomy

• Normal stars: around one solar luminosity (Lo)

• Giant stars: thousands to hundreds of thousands of Lo

• Normal galaxies: 109 - 1010 Lo

• Quasars: 1012 - 1013 Lo

• Conversion factors:
• 1 Lo = 3.8x1033 erg/s = luminosity of the Sun
• 1 watt = 107 erg/s
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Astronomical rates
Why do we care?

• The velocity of an object is the rate with which its position
changes.

• The radius of the Earth’s orbit around the Sun is 1.5x1013

cm.  What is its orbital speed (assumed constant)?

• The distance traveled by the earth in 1 year is (2πr) = 9.4 x 1013 cm.
• The total distance in terms of miles is (9.4 x 1013 cm) x (1 km/105

cm) x (1 mile/1.61 km) = 5.9 x 108 mile.
• It takes 1 year to travel this distance, or 1 year  x (3.16x107 s/1 year)

x (1 hour/3600 s) = 8.8 x 103 hour.
• The velocity of the earth is 5.9 x 108 mile/ 8.8 x 103 hour = 67,000

mph.
• …… We are really going fast!
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Astronomical rates
Why do we care?

• The luminosity of a star tells us something about the rate of
energy loss of the star.

• If we make assumptions about the total energy that can be
generated by the star, its luminosity will tell us something
about the expected life time:

• Our sun was created with an energy supply of 2 x 1051 erg

• The solar luminosity is 3.8 x 1032 erg/s

• Assuming the sun keeps losing energy at this rate, its lifetime will be
(2 x 1051 erg)/(3.8 x 1032 erg/s) = 5.3 x 1017 s = 1.7 x 1010 year

• The sun was formed 4.5 billion years ago, and you can expect that it
will still shine by the time you graduate!
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Astronomy 102
On Thursday we will travel to a black hole ….

Too Close to a Black Hole 
Credit & Copyright: Robert Nemiroff (MTU) 


