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Attach the computer printouts to this sheet.
1. Graph the equations.
2. no assistance should be necessary.

3. Use Kepler’s Second Law equation with the period given in the story,  integrate from 0 to pi/2.  You should get about 43.6 days. Now calculate using pi/2 to pi and you should get a lot lower number for that quarter period.  Then finish answering the other parts of this question.
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Planets outside our own solar system are difficult o find because they are 50 dim compared with their parent stars. To discover
these planets, astronomers rely on the influence that the planet may have on the star. An orbiting planet’s gravitational pull
drags the star back and forth as the planet rotates around it. This wobbling results in a subtle red-blue shift in the color of the
stars light, known as the Doppler effect. Using a spectrometer, astronomers can monitor a star's Doppler variations, and use
the results to calculate details pertaining to the orbiting body

Tt was this technique that allowed Geoffrey Marcy and Paul Butler, of San Francisco State University, o identify a body
rotating around the star 70 Virginis. They theorize that it is a large planet, 6.6 times s massive as Jupiter, although there is a
small probability that it is a brown dwarf star. Marcy and Butler have calculated that the planet, named 70 Vir B, completes
an orbit once every 116.6 days.

‘According t0 the astronomers, the planet’s orbit is an ellipse with an eccentricity of 0.4, and a major axis length of
0.86 AU. (An astronomical unit, or AU, is the mean distance from Earth to the sun, about 93 million miles) Placed
on a rectangular coordinate system and centered at the origin, the equation for this ellipse is
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as shown in the graph.
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Rather than using Cartesian coordinates and centering the orbit at the origin, however, astronomers find it convenient to use:
polar coordinates. Using the sun as the main refeence point, or the pole, each point s defined by its distance r from the sun and
its angle  from the horizontal. With the star 70 Virginis as the pole, the new planet’s orbit is

03612

Polar quation for orbitof 70 Vie -

T=04cos 6
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s second law of planetary motion allows you 1o set up the proportion
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which you can solve to find the time  (in days) that it takes this particular planet o move in its orbit from 6 = a 10 6 = .

FOR FURTHER INFORMATION For more information on the discovery of the new planet 70 Vir B, see the artcle
Worlds” i Time.

Searching for Other

QUESTIONS

1. Set your graphing utilty to polar mode and enter the polar equation for the orbit of 70 Vir B. Graph the
equation using a window with 6 varying from 0 to 7. Then graph the equation again with 6 varying from
010 27, and again with 6 varying from 0 to 4. What do you observe?

2. When 6 varies from 0 to 7, the planet moves through half of its orbit. Starting with ¢ = 0, what value of
6 corresponds to one-fourth of the orbit? Explain.

Use the result of Question 2 o estimate the time it takes the planet to travel from § = 0 through
one-quarter of ts orbit. Then estimate the time it takes to travel through the second quarter of its orbit
Are these times the same? Describe the motion of this planet. When does it have  maximum speed?
When does it have a minimum speed?

The concepts presented here will be explored further i this chaprer. For an extension of this application,
select the Calculus Lab buton.




