Print Your Name: ___________________________


       Due on April 14, 1998



Orbit Maker
OrbitMaker is a Windows program that simulates the gravitational interactions of groups of stars and planets. Various start up configurations, called star files, are provided, and others can be constructed and saved. Two sky display windows provide X-Y and Y-Z coordinate views. The X-Z view can be revised to produce a 3-dimensional view of the orbits. A data window displays the position, velocity, acceleration, and energy of each body and indicates whether or not it is bound to the system. 

The speed and accuracy of the simulation can be set, as can a number of display characteristics. The simulation not only displays the orbits accurately, but the varying speeds are portrayed fairly accurately. All objects in OrbitMaker are referred to as stars, although they may represent stars, planets, or spacecraft. Up to 200 stars can be used, but the speed of the simulation will decrease as the number increases. 

Each star has a specified mass and initial position and velocity and may be classified as one of several types of stars or as a planet or spacecraft. Masses are specified in units of the mass of the Sun, and distances are specified in units of astronomical units (AU). Each star has a number for identification. The number can be shown by selecting View|Show Numbers or by pressing F8. Stars are specified as one 9 types, including a planet or spacecraft type body. The distinction is that each type has a specified allowable mass range, and the size and color are specific for each type.  With OrbitMaker you will have many ways to explore gravitational systems.

1.  Become familiar with the program.  Examine these sample orbit files provided on your hard disk:

· jupenc.orb

· comet.orb

· planet.orb

2.  Create a new simulation that contains just the Sun and Jupiter.  Put the Sun at rest at position (X,Y,Z)=(0,0,0) and enter its mass (1 solar mass).  Put Jupiter at a distance of 5.2 AU from the Sun and enter the approximate mass for Jupiter (0.001 solar masses).  Give Jupiter an orbital velocity of 2 AU/Years.    Run the simulation.  

3.  Now manually change the orbital velocity until you have a nearly circular orbit for Jupiter.   

4.  Add one or more Galilean satellites to your system.  Put them in circular orbits around Jupiter at a distance of 0.1 to 0.2 AU from Jupiter.  









Instructor's Approval : ___________

5.  Add a comet much like Halley's comet to your solar system.  Halley's comet makes a close approach to the Sun every 76 years and then goes out beyond the orbit of Jupiter.  









Instructor's Approval : ___________

6.  Record your orbital velocity for Jupiter in the table below.  Using the clock at the top of OrbitMaker, measure the length of time for one complete orbit of the Jupiter around the Sun.  Record your result in the table.  Repeat this procedure for the other bodies listed below.

	
	
	
	Orbital Velocity
	Orbital Period
	
	

	
	Mass
	Orbit Radius from
	from OrbitMaker
	from OrbitMaker
	Orbital Period
	Orbital Radius

	Body
	(Solar Units)
	Bode's Law (AU)
	(AU/Year)
	(Years)
	Squared (Years2)
	Cubed (AU3)

	Sun
	1.00000000
	------------
	------------
	------------
	------------
	------------

	Mercury
	0.00000016
	
	
	
	
	

	Venus
	0.00000242
	
	
	
	
	

	Earth
	0.00000301
	
	
	
	
	

	Mars
	0.00000032
	
	
	
	
	

	Ceres
	0.00000002
	
	
	
	
	

	Jupiter
	0.00100000
	
	
	
	
	

	Saturn
	0.00028291
	
	
	
	
	

	Uranus
	0.00004327
	
	
	
	
	

	Neptune
	0.00005020
	
	
	
	
	

	Pluto
	0.00000025
	
	
	
	
	


7.  Plot your data from the table on the graph below and find the equation of a best-fit line through your data points.






Slope = ________________________ (include units)






Equation of the Line: ______________________________
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What is the equation above also know as? ______________________________

8.  If Jupiter just happened to be 10 times its present mass it would become a star.  We would then be part of a binary star system.  Increase the mass of Jupiter in your solar system by a factor of 10 and run the simulation again.  Then make the mass of Jupiter 1 solar mass.  Add your own sound effects and danger music with your voice.  What happened to your solar system when you increased the mass of Jupiter to one solar mass?  Based on this simulation what prediction can you make about real binary star systems?

9.  Create a simulation with three stars of equal mass that are in a stable orbits.  In other words, create a system  with three stars that orbit one another is some small orbital pattern that repeats for thousands of years.  









Instructor's Approval : ___________

Print Your Name: ___________________________


       

Due today.


Orbit Maker Continued
Near-Earth Asteroids (NEA's) are ones that closely approach the Earth.  There are three types of NEA's.  Atens have semimajor axes less than 1.0 AU and aphelion distances greater than 0.983 AU.  Apollos have semimajor axes greater than 1.0 AU and perihelion distances less than 1.017 AU.  Amors have perihelion distances between 1.017 and 1.3 AU.

Trojan asteroids are located near Jupiter's Lagrange points (60 degrees ahead and behind Jupiter in its orbit). Several hundred such asteroids are now known.  It is estimated that there may be a thousand or more altogether. Curiously, there are many more in the leading Lagrange point (L4) than in the trailing one (L5). There may also be a few small asteroids in the Lagrange points of Venus and Earth (Earth's Second Moon) that are also sometimes known as Trojans. 5261 Eureka is a "Mars Trojan".

10.  Create a solar system with only the Sun, Venus, Earth, Mars, Jupiter and Saturn.

(a)  Add a main belt asteroid to your system orbiting the Sun at 2.88 AU in a circular orbit.

(b)  Add two Trojan asteroids to your system.  Let one lead Jupiter and one follow Jupiter.  Remember the Sun, Jupiter and Trojans make equilateral triangles.  Make a sketch and do the math.









Instructor's Approval : ___________

What happens to the leading Trojan asteroid if you move it away from L4 by 0.5AU?

________________________________________________________________________

(c)  Replace the two Trojans above with an Apollo asteroid and a Mars Trojan.









Instructor's Approval : ___________

(d)  Replace your two asteroids in part (c) with an Earth Trojan and our Moon.









Instructor's Approval : ___________

(e)  Replace the Sun with a black hole.  What is the most common misconception that most people have about objects around black holes?

______________________________________________________________________________

______________________________________________________________________________

11.  Create a solar system with only the Sun, Venus, Earth, Mars, Jupiter and Saturn again.

(a)  Add a main belt asteroid to your system at a distance of 3 AU from the Sun with a circular orbit.  Orbit Maker reports orbital velocities in units of AU/year.  What is the orbital velocity of this asteroid in meters per second?  Show your work.  1 AU = 1.496 ( 108 km

________________

(b)  Reduce only the speed of the asteroid so that is has a minimum distance from the Sun is about 1 AU but its maximum is still 3AU.  Record your orbital speed below.

________________

(c)  What change in kinetic energy is needed to change the orbit of the asteroid in part (a) to the orbit described in part (b)?  Assume that is asteroid is 1 km in diameter and has a density of 4g/cm3 = 4000kg/m3 and recall that the kinetic energy of an object is 1/2 times the mass of the object times the velocity squared.  Express your answer in Joules = 1 kg m2/s2.  

_______________________________

(d)  The energy released by detonating 1 megaton of TNT is about 5 ( 1014 Joules.  Express your answer in part (c) in units of “megatons of TNT”.   

_______________________________

(e) What kind of event(s) would cause the orbit of the asteroid in part (a) to be the orbit described in part (b)?

______________________________________________________________________________

______________________________________________________________________________

(f)  What is the relative velocity between the Earth and the asteroid above if they collide?  What is the change in kinetic energy of the asteroid as a result of the collision?  Express your answers in kilometer per second and “megatons of TNT” respectively.  Use additional paper if necessary.

_______________________________

_______________________________
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Sheet1

								Orbital Velocity		Orbital Period

				Mass		Orbit Radius from						Orbital Period		Orbital Radius

		Body		(Solar Units)		Bode's Law (AU)		(AU/Year)		(Years)		Squared (Years^2)		Cubed (AU^3)		Mass (kg)

		Sun		1.00000000		---										1.99E+30

		Moon		0.00000004		0.0026										7.36E+22

		Mercury		0.00000016								0.4		0.24						3.28E+23

		Venus		0.00000242								0.7		0.615						4.82E+24

		Earth		0.00000301								1		1						5.98E+24

		Mars		0.00000032								1.6		1.88						6.34E+23

		Ceres		0.00000002								2.8								4.00E+22

		Jupiter		0.00100000								5.2		11.86						1.88E+27

		Saturn		0.00028291								9.5		29						5.63E+26

		Uranus		0.00004327								19		84						8.61E+25

		Neptune		0.00005020								30		164						9.99E+25

		Pluto		0.00000025								40		248						5.00E+23
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