Planetary Models





Name ____________________
1) In 1771 there were six known planets. Johann Bode used the work of Johann Titius to make a mathematical model for the distances of the planets from the sun, r = 0.4 + 0.3(2n).  Use this formula to calculate the radius of Saturn.
	Planet
	N
	Prediction (AU)
	Observation (AU)

	Mercury
	- infinity
	0.4
	0.38

	Venus
	0
	0.7
	0.72

	Earth
	1
	1.0
	1.0

	Mars
	2
	1.6
	1.52

	
	3
	
	

	Jupiter
	4
	5.2
	5.2

	Saturn
	5
	
	9.55


According to the table above, the Titius-Bode model
        A) gives an exact description of the solar system.

        B) gives a good approximation of where the planets are.
        C) predicts that there should be a planet between Mars and Saturn and is therefore wrong.
        D) predicts that there should be a planet between Mars and Saturn and could be right.
Explain
2) This model also predicted planets that are even further from the Sun.
a) What should the orbital radius of the next planet be? Show your steps.
b) What planet is it? What is its measured orbital radius? 
c) This planet was first observed in 1690 by John Flamsteed but he thought it was a star. How can astronomers tell the difference between a planet and a star?

d) This planet was first recognized as a planet - not a star - in 1781 by William Herschel but it was predicted by Bode 10 years earlier. Who should get the credit for discovering Uranus?

A) Titius

B) Bode

C) Flamsteed

D) Herschel

Explain
e) How confident are you that the Titius-Bode model is correct?


A) extremely

B) very

C) somewhat

D) not at all

Explain
3) This model predicted further planets. The existence of another planet was also predicted because the orbit of Uranus seemed to have a ‘wobble’ in it which could be caused by a nearby planet tugging on it. 
a) What should the orbital radius of the next planet be? Show your steps
b) What planet is it? What is its measured orbital radius? 

c) How confident are you that the Titius-Bode model is correct?


A) extremely

B) very

C) somewhat

D) not at all

Explain

d) Galileo observed Neptune in 1612 but thought it was a star. Urbain LeVerrier and John Couch Adams separately used the Titius-Bode model and predicted where the next planet should be found. They had trouble getting any one to use their telescopes to look for it. However, Le Verrier convinced Johann Gottfried Galle to try and in 1846 le Galle observed Neptune 1o from Le Verrier’s prediction and 12o from that of Adams. Who should get the credit for discovering Neptune?

A) Adams
   B) Le Verrier and Adams
C) Le Verrier
         D) Le Verrier and Galle
Explain
4) This model predicted planets that are even further from the Sun.

a) What should the orbital radius of the next planet be? Show your steps.
b) What planet is it? What is its measured orbital radius? 

c) How confident are you that the Titius-Bode model is correct?


A) extremely

B) very

C) somewhat

D) not at all

Explain
5) This model also predicted planets that are even further from the Sun.

a) What should the orbital radius of the next planet be? Show your steps.
b) What planet is it? What is its measured orbital radius? 
c) How confident are you that the Titius-Bode model is correct?


A) extremely

B) very

C) somewhat

D) not at all

Explain
The Titius-Bode model is fairly easy to use but it has limitations - as we have seen. It breaks down at large numbers and it only gives the radius and not where on the orbit it will be found at any given time. A much better model was provided by Sir Isaac Newton’s laws of motion and gravity. These have been successfully applied and tested for hundreds of years. 
6) In the 1850’s Le Verrier applied Newton’s laws to Mercury and found that its orbit had a wobble that didn’t match the equations. 
a) This probably means that
A) Le Verrier should recheck his calculations. 

B) Astronomers should measure Mercury’s orbit more carefully

C) Astronomer’s should look for another planet near the sun

D) Newton’s Laws should be altered
Explain
b) In 1915 Einstein produced his general theory of relativity, in which massive objects curve the four-dimensional spacetime near them. This curvature was able to completely account for the mysterious wobble in Mercury’s orbit. To understand how a curved space can affect orbits you will use a cardboard orbit and a balloon. If you place the orbit on a flat space and trace around the edge you get an orbit that repeats. Try tracing the edge of the orbit on the balloon. You will need several people to do this properly. One person holds the balloon. Another person holds part of the orbits edge against the balloon and gently rolls it on the edge as the third person traces its path with a marker. Do not change the balloon’s shape by squashing it flat! Trace around the orbit several times. Sketch your result below.
c) This effect was first noticed with Mercury but has since been measured for Venus and the Earth but not Jupiter or Saturn? Mercury is much
A) smaller than Jupiter and Saturn

B) denser than Jupiter and Saturn

C) closer to the Earth than Jupiter and Saturn

D) closer to the Sun than Jupiter and Saturn

 Explain
d) Einstein predicted a number of other ways that we should be able to detect the curvature of space time which have since been confirmed. Use the balloon to demonstrate how the laws of geometry change. Hint: Consider rules about triangles and parallel lines. Explain and draw your discoveries below.

e) The curvature of spacetime will be most noticeable near black holes. Watch Alice and Bob: Can we travel through time? http://www.youtube.com/watch?v=HHYECUcfC1Y  What effects can you notice?

Time slows down and light is bent. 

