A105 –Stars and Galaxies - The Extra-Galactic Distance Scale and the Hubble Law

Name _____________________________

Hubble’s law tells us that the speed at which a galaxy is moving away from us is proportional to its distance (if a galaxy is twice as far away, it moves away from us at twice the speed).  Nearby galaxies move away from us slowly, while more distance galaxies are moving away at higher speeds.

Below is a table of clusters of galaxies, which are known by the constellation in which direction they are found (e.g. the Virgo Cluster is seen in the direction of the constellation Virgo, although the galaxy cluster is vastly further away than the stars we see in the sky).  For each galaxy the table lists the speed at which the galaxy is moving away from us and its distance in Megaparsecs (each Megaparsec is equal to 3.25 million LY).  The text discusses several methods by which we can determine the distances of galaxies.

	Cluster
	Velocity (km/sec)
	Distance (Megaparsecs)

	Virgo
	1200
	15

	Perseus
	5400
	71

	Coma
	6600
	83

	Hercules
	10500
	150

	Ursa Major I
	15600
	313

	Leo
	19500
	337

	Corona Borealis
	21600
	347

	Gemini
	23400
	402

	Bootes
	39300
	650

	Ursa Major II
	40200
	653

	Hydra
	60600
	831


Plot the galaxies in the chart below to determine the Hubble Constant (the number of kilometers per second that the velocity of recession increases for each Megaparsec of distance).  Make a dot for each cluster, where the horizontal position is determined by the velocity and the vertical position is determined by the distance.  Label each dot with the name of the cluster.
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In the graph on the front page, sketch a straight line which follows the points you have plotted. The line should start at the origin (the (0,0) point). Estimate the recession velocity for a cluster at a distance of 1000 Megaparsecs (1000 Mpc is equal to 3,260,000,000  or 3.26 BILLION light years). 
The speed of light is 300,000 km/sec.  What fraction of the speed of light is a galaxy at a distance of 1000 Mpc moving.

Determine the Hubble Constant determine from these data (divide the velocity at 1000 Mpc by the distance (1000 Mpc) to get the Hubble Constant in km/sec/Mpc).
A new galaxy cluster has been discovered that is moving away from us at 45,000 km/sec.  Using your plot, estimate the distance to this new cluster.

Finally, we can use the Hubble Constant to estimate the age of the Universe.   Assume this new galaxy has been traveling at constant speed of 45,000 km/sec relative to the Milky Way since the universe began.  How long would it have taken to reach its present distance? (Estimate!!! Exact numbers aren’t important.)
(1 Megaparsec = 3 x 1019 kilometers, and one year contains 3 x 107 seconds)
Example:  Suppose you forgot to look at your watch when you left home, but you would like to know what time you left.  You have driven 120 miles with the cruise control set at 60 mph.  How long has it been since you left home?  Determining the age of the universe from the Hubble Constant is the same type of calculation.
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