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MAPPING

Sujet D1-08
John Goodricke, an English astronomer of the 18th century, was especially interested in variable stars. A variable star appears as a normal star, but with a varying intensity. Goodricke has plotted the variation of intensity of one of these stars, known as Algol. He saw that the intensity is periodic, of period 68 hours and 50 minutes, and has the following curve:
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	In order to explain this curve, Goodricke thought that what appears to be a single star is in fact two different stars in orbit, say star A and star B, star B being less bright than star A, as shown below. From Earth, it seems that there is only one star because the pair of stars is too far away.
	
	The minimum value of the graph can then be explained by the fact that the darker star passes in front of the brighter one, diminishing the total intensity of light, similarly to the moon diminishing the brightness of the sun during a solar eclipse:


	
	When star B has shifted to the left in its orbit, both stars emit light, so that their intensity add up, explaining the highest level of intensity.



	Figure 1
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	Figure 2
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The darker star (B) partially hides the brightness of the brighter star (A).


	
	Figure 3
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Star B has moved, and both stars participate to the total brightness


His vision happened to be correct, as further investigation has proved.
Questions:

1. According to the graph, what is the lowest intensity 
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of light emitted by this binary star system to 2 d.p.? What is the highest 
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 to 2 d.p.?
2. Does the graph have another local minimal value? Give this value 
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 to 2 d.p., and give an interpretation of this phenomenon (remember that the darker star emits some light, but less than the larger one).
3. The brightness of a star is given by the following formula:
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where :

· 
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 is a constant (depending on the distance of the star to Earth), 
· 
[image: image10.wmf]S

is the surface seen from Earth (in case of a full star, 
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, where 
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is the radius of the star)
· 
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 is the temperature of the star




a. In the case of figure 3, give the intensity of both stars, and prove that the resulting total intensity is:
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where 
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, 
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 are the radii and temperatures of stars A and B respectively.
b. In the case of figure 2, explain why the intensity emitted by star A is given by the formula:
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Then prove that the resulting total intensity, in this situation, is:
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c. What happens in the last case? Explain the following formula:
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4. Using the three simultaneous equations above and answers to questions 1 and 2, prove that:
(i)
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(iii)
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5. How many times is A hotter than B?
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