Hubble’s Law





Name ______________________
1) Astronomy measures really big objects and really, really big distances. Kilometers are too small a unit – they want to use something bigger and they often measure distance in light-years. 
a) Watch Minute Physics: How far is a second? http://www.youtube.com/watch?v=Wp20Sc8qPeo
b) How far is it from your home to school in skateboard-minutes, in walking-minutes?

2) A hundred years ago Edwin Hubble looked at galaxies and measured how far away they were and how fast they were moving. Some sample data is shown below. 
	Name of galactic cluster
	Distance in billions of light-years
	Velocity in millions of metres per second

	Virgo
	0.78
	12

	Ursa Major
	1.0
	15

	Corona Borealis
	1.4
	22

	Bootes
	2.5
	39

	Hydra
	3.96
	61


a) Graph the data on the grid below.


b) How are galaxy speeds and distances related? Describe this in words.


c) Draw a single straight line that best fits the data.

d) If a galaxy is moving at 30 million m/s, how far away will it be?  Label this on the graph 

e) If a galaxy is moving at 70 million m/s, how far away will it be?  Label this on the graph. 
. 
f) If a galaxy is 3 billion light-years away, how fast will it be moving? Label this on the graph. 

g) If a galaxy is 5 billion light-years away, how fast will it be moving? Label this on the graph. 
h) Math Challenge: If a galaxy is 9 billion light-years away, how fast will it be moving? Explain how you get your answer.
i) Math Challenge: If a galaxy is moving at 95 million m/s, how far away will it be? Explain how you get your answer. 
j) What is the slope of the best-fit line? Express your answer as an integer and include units. 
k) What is the equation of the best-fit line? 
3) The galaxies are getting farther and farther away from the Earth. This suggests that at one time they were near us and then moved apart. You will calculate how long ago this was by using the data from galaxies in question #1. 
a) There is a problem with units. The velocities are measured in metres per second but the distance is measured in light-years. We either need to convert the speeds to fractions of light-speed or the distances to metres. The second option will produce enormous numbers so we will do the first. Light travels at 300 million m/s. Look at the speed for Corona Borealis. What fraction of light-speed is that? Show your steps.
b) How long would the galaxy have to travel at that speed to get to 1.4 light-years away?  Show your steps. 
c) Calculate the times for the other galaxies. Show your steps. 
d) What do the times for the different galaxies tell us?
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