The Hubble Ratio

By 1929, the scientist Edwin Hubble, proposed the existence of a direct relation between the speed of estrangement of the galaxies and the distance to which they are of the observer. Using data from astronomical observations, Hubble demonstrated that his proposal was consistent with what was observed, and thus describes some aspect of the real world.

The table below presents the data used by William Humanson, Hubble's collaborator at Mount Wilson Observatory, to study this matter in more depth in 1936. In addition to the star group number studied, the table indicates the velocity of departure from the group Of stars, expressed in km / s, and the distance to which each group of stars of the Earth, expressed in Mpc (Mega Parsecs).

Humanson, 1936 Facts
	Cluster 
	Vd. (km/s)
	Dist. (Mpc) 
		Cluster 
	Vd. (km/s)
	Dist. (Mpc) 
		Cluster 
	Vd. (km/s)
	Dist. (Mpc) 

	Anon 5
	19000
	34.0

	Anon 6
	42000
	75.3

	Anon 7
	15400
	27.6

	Anon 9 
	39000
	69.9

	Anon 10
	21000
	37.6

	Anon 11
	9200
	16.5

	Anon 12
	12400
	22.2




	Leo 
	19600
	35.1
	

	NGC7814
	1000
	1.8
	

	NGC7868
	5700
	10.2
	

	NGC7869 
	6700
	12.0
	

	NGC7872
	7000
	12.5
	

	Gem
	24000
	43.0
	

	Gem 
	23000
	41.2
	




	 Virgo 
	890
	1.6
	

	Pegasus 
	3810
	6.8
	

	Pisces 
	4630
	8.3
	

	Cancer 
	4820
	8.6
	

	Perseus 
	5230
	9.4
	

	Coma 
	7500
	13.4
	

	U.Maj. 
	11800
	21.1
	



Source of data: http://www.harding.edu/jmackey/ps113/EXERCISES/Hubble%20Law(long).pdf, recovered on 10sp2011 by Erio.

Part I. Examine the above table. As the distance increases, what happens to the numerical value of the velocity of the group of stars? Express, in a sentence, the relationship that seems to exist between these variables, for the groups of stars studied. That sentence constitutes his working hypothesis for this study.

The graphical analysis method is a way of examining the mathematical relationship between two sets of values. Prepare a "distance vs. distance" chart using the values ​​in the Humanson data table. Indicate which of the two variables, "distance velocity" or "distance" is the independent variable, whose values ​​will represent in the abscissa (horizontal axis, "x") of the graph and what is the dependent variable, which will represent in the ordinate (Vertical axis, "y") of the graph. When making a decision you assume that the value of the variable represented in the ordinate depends (ie, is a mathematical function) of the value of the variable represented in the abscissa: y = f (x). It remains to be seen, what will be that mathematical relationship?

Decide carefully the scale for each of the axes of the graph, from the value of 0 for the origin. What does the assignment of a value of 0 mean to the origin of the graph?
After placing the pairs of data on the graph, describe in a sentence the general organization of the resulting points.
Find out if a straight line adequately describes the distribution of points in the graph. After tracing the line that, starting from the origin, best represents the relation between the values ​​in the graph, calculate the value of the slope of that line. The value of the slope expresses the constant relation that exists between the variables studied, that is to say, the constant proportion in which one variable changes, when changing the other.

Using the general equation of a line (y = mx + b) and reasoning by analogy, express the mathematical relationship between the velocity of distance and distance, for the groups of stars studied. The slope of this graph is known as H0, the Hubble constant. The equation you have built is known as the Hubble Law.

Look for reliable information on the so-called "Hubble Law" and on the redshift of the star spectrum, indicating the source used. Include that information in the discussion of the results of this laboratory experience in your report.

Part II. Applications of the Hubble Equation.
The efforts to determine with greater precision the value of H0, the Hubble constant, continue. According to NASA, the best value for the constant is 73.8 km / s / Mpc ± 2.4 km / sec / Mpc. The calculated error corresponds to an uncertainty of 3%.
Source for constant value: http://map.gsfc.nasa.gov/universe/uni_expansion.html (retrieved on 17ag2015)

1. Calculate V at Km / s, for a galaxy with D = 800Mpc, using the currently accepted H0 value: (H0 = 73.8 km / s / Mpc).

2. If we define the average speed, V, as the ratio between the distance traveled, D, and the time, T, that takes that distance, D, calculate the travel time in years, for a galaxy with D = 800Mpc, Using H0 = 73.8 km / s / Mpc

Let V = D / T; Where: TV = D; And, therefore, T = D / V

2.1. Express D in Km, since 1 Mpc = 3.09 x 1019 Km, to obtain the time, T, in seconds. 

2.2. Since 1 year = 3.15x107s, express its result in years (ie, the time T that has taken the galaxy to move from a starting position to its current position, moving with the speed, V, calculated in question 1).


[bookmark: _GoBack]Reference: http://www.harding.edu/jmackey/ps113/EXERCISES/Hubble%20Law(long).pdf. [Access verified: 17AG2016 ERO]
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