Hubble’s Law
Teacher Information: This activity has been designed with a lot of math. This will support what the students are learning in their math classes; plotting data, interpreting graphs, extrapolating, interpolating and calculating slopes of best-fit lines. As well as practicing these math skills, they will get a sense of why math is useful in science.
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
Teacher Information: This video is one of hundreds made by Henry Reich. They are very clever accurate and fast! Fortunately they are also really short and you and your students can replay them as often as you need. 
b) How far is it from your home to school in skateboard-minutes? How far is it in walking-minutes?

Teacher Information: This video helps make the idea of a light-year reasonable by showing how we do this already when we are asked how far away some place is and we say it is 5 hours away. If we were talking about the distance from Toronto to Ottawa, then what we meant was 5 car-hours. If we were talking about Toronto to Vancouver we would be talking about plane-hours. 
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.
The farther away a galaxy is, the faster it is moving away.
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 
Around 2 billion light-years. An example of interpolation.
e) If a galaxy is moving at 70 million m/s, how far away will it be?  Label this on the graph. 
Around 4.5 billion light-years. An example of extrapolation. 
f) If a galaxy is 3 billion light-years away, how fast will it be moving? Label this on the graph. 
Around 45 million m/s. Interpolation. 
g) If a galaxy is 5 billion light-years away, how fast will it be moving? Label this on the graph. 
Around 70 million m/s. Extrapolation.
h) Challenge: If a galaxy is 9 billion light-years away, how fast will it be moving? Explain how you get your answer.
This no longer fits on the graph, so some other technique must be used. Students might look at the value for 4.5 billion light-years and double it to get 140 million m/s. They might think about slope and equations if they have learnt about them already, but they don’t need to.
i) Challenge: If a galaxy is moving at 95 million m/s, how far away will it be? Explain how you get your answer. 
They might look at 50 million m/s and double it and reduce it a bit to get 6.5 billion light-years.
j) What is the slope of the best-fit line? Express your answer as an integer and include units. 
The graph has a slope of about 60 million m/s divided by 4 billion light-years, or 15 million m/s per billion light-years. It could also be expressed as 0.015 m/s per light-year. The math teachers usually ask their students to leave slope in fractional form and usually do not include units. That is not very useful in science so we need to explicitly ask for it in the form we want.
k) What is the equation of the best-fit line? v (millions m/s) = 15 d (billions light-years). This is the most advanced part of the math. It has been placed after the challenges, so that students develop a need for an equation to deal with points that are off the graph. 
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?

22/300 = 0.073 light-speed = 7.3 % light-speed
b) How long would the galaxy have to travel at that speed to get to 1.4 light-years away? 
It would take light just 1.4 years but the galaxy is going much slower – at less than a 10th of the speed of light. It would be at least 10 times longer or over 14 billion years. The precise value can be calculated by dividing the distance by the velocity = 1.4 light-years/0.073 light-speed = 19 billion years.
c) Calculate the times for the other galaxies. (19.5, 20, 19.2, 17.5) They are very similar. The ones that are farther away are moving fast enough to compensate.
d) What do the times for the different galaxies tell us?
The galaxies were all in one place at the same time and then for some reason they moved away. This is called the Big Bang and this is why we think the universe began around 20 billion years ago. This calculation has been greatly simplified and it assumes that the universe was always expanding at the same speed. Our present understanding is different and so the universe’s age is presently considered to be 13.8 billion years old. 
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