PAGE  
1

[image: image6.png]Most Vi

Y! -2 -

‘Applet 99542 Apophis s

mEEn o

Mail - @ My vahoo! - [0 Bookmarks~ iy

- - 2 choose

Orbit Diagram

Hote: Make sure you have Java nsblad on your browse t 568 the seplst. This applet i provided 22 30 ori
Visualzstion tool The spplat was implemaniad using 2-60dy methods, snd hence should not be use for determining
2courate long term trajectories (over several years or decades] or planetary encounte circumstances. For
‘scourate long-term ephemerides, plesse Instead use our

99942 Apophis

.13342) Apophis

0.303 AU
Sun Distance :0.794 AU AJun 18, 2029
B <<|I<[llj>I| > | ¥ DateLabel ¥ PlanetLabels
ate
1 Year ¥ Distance ¥ Object Label

[T Hour
Center |11V Zoom Save Image

Orbits: |3 Days
10 Days
1 Month
3 Months
6 Months

Addition| hin in the applet are color coded. The planets are white lines, and

o




[image: image7.png]


[image: image8.png]



Name:  





Section:  


    

Doomsday Scenario:  99942 Apophis Asteroid
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Apophis Facts:

1.  Discovered in 2004, designated as a Level 4   

     on Torino impact hazard scale

2.  Demoted to Level 0 on Torino scale

3.  To target Earth it will have to pass through 
     a 600m gravitational "keyhole" in 2029 and 
     then impending collision would happen on 
    April 13, 2036

4. But … it warrants closer scrutiny
NASA Near Earth Object Apophis Position Uncertainty:  http://neo.jpl.nasa.gov/apophis/apophis_image3.html
1.  Orbital Elements:  Asteroids travel about the sun in a three dimensional path that is described by mathematical terms called orbital elements. The while the paths are somewhat predictable, they change over time due to localized gravitational events and relativistic effects.
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2.  Snatching the Elements
Log on to the JPL Small-Body Database Browser:

http://ssd.jpl.nasa.gov/sbdb.cgi
Complete the table and diagrams for the following objects and answer the questions:

Object:  99942 Apophis 

	Element
	Symbol
	Value

	eccentricity
	e
	

	semi-major axis (AU)
	a
	

	parhelion distance
	q
	

	inclination (degrees)
	i
	

	longitude of the ascending node (degrees)
	node
	

	orbital period (days)
	period
	

	aphelion distance (AU)
	Q
	

	absolute magnitude
	H
	

	Diameter (km)
	
	



a.  Consider the table of orbital eccentricities below and make the following predictions:

Which "e" value(s) represent the shape of an orbit of most moons about planets and some planets about a star?

Which "e" value(s) represent the shape of the orbit of near earth asteroids and planets far away from their stars?

Which "e" value(s) represent shape of orbits of comets?    

b.  Consider the value for the eccentricity of the Apophis asteroid and examine the table 

     of eccentricities below.  How would you describe the shape of its orbit? 

2.  Where is it and will it hit the planet?

99942 Apophis will make its first closest approach to Earth on April 14, 2029.  Verify this on the simulator and report how closely it will graze earth.







APPENDIX

Eight Orbital Elements:  shape and location of an orbit at a snapshot in time
	Element
	Symbol
	Which means . . .

	1. epoch
	To
	length of time of the orbital snapshot, where and how fast object was going

	2. orbital inclination
	Io
	tilt of an orbit with respect to the  equatorial plane of the object it orbits about

	3. right ascension
	Oo
	angle between two objects in orbit with respect center of objects and along an equator

	4. argument of perigee
	Wo
	an angle

	5. eccentricity
	Eo
	shape of the ellipse of the orbit

	6. mean motion
	No
	size of the orbit or how far away the object is

	7. mean anomaly
	Mo
	Location of object in the orbit, with respect to the Epoch 

	8. drag
	N1
	friction


How close will the asteroid get to Earth? To calculate this, we need two of the orbital elements: a, the semi-major axis of the ellipse, which measures how far away the asteroid is from the Sun on average (for a perfect circle, the semi-major axis is equal to the radius), and e, the eccentricity, which measures elliptical the orbit is (a perfect circle has an eccentricity of 0).

The closest the asteroid gets to the Sun (called perihelion) is calculated from the equation

Rperihelion = a(1 – e)

The farthest the asteroid get from the Sun (called aphelion) is calculate similarly

Raphelion = a(1 + e)

How close will it come to Earth? The semi-major axis of Earth’s orbit is 1 Astronomical Unit (AU), defined as the average Earth-Sun distance. If either the perihelion or aphelion is close to 1 AU, then the asteroid comes close to Earth orbit. If the perihelion is less than 1 AU and the aphelion is greater than 1 AU, then the asteroid actually crosses Earth’s orbit. These are the asteroids to watch out for!

1.  Click on the "Orbit Diagram" tab and select "1 Year." Then use the advance arrows to scroll to the Year 2029.  Continue to narrow the date using "1 Month" then ""1Day"  "1hour" until the date in the bottom of the right screen reads "April 14, 2009" and the "Earth Distance" is the smallest number.





2.  The closest approach of Apophis to earth is ______________ AU.








 





3.  Using the conversion factor of 1 AU = 92 955 887.6 miles, convert this value to miles.  So Apophis will be  


      _______________ miles from Earth on April 14, 2029.





4.  The closest approach of earth's moon at perigee is 363, 104 km.  Using the conversion factor 1 km = 0.62 


      miles, convert the Apophis approach from miles to kilometers:  _________________ km





5.  Will Apophis be outside the moon's orbit or closer to earth than the moon at this point? 			


      																														





6.  PLAY TIME:  Use the "ZOOM" scroll bars and the 3-D Orientation scroll bars that surround the orbital 


     diagram to resolve the physical proximity of Apophia relative to Earth.  Using the "SAVE IMAGE" tab, this 


     can be captured and pasted in another file if you would like to save it.


  


7.  Now repeat this simulation for the next approach date on April 13, 2039. What is the date and distance to Earth 


     of the closest approach near this date?  





     Date: 					   Earth Distance:  				





8.  Based on this simulation, what is the likelihood that Apophis will collide with Earth in 2029 or 2039?	 Support 


     your prediction with simulated data:  										              


     															
































																	








Scroll until this date reflects closest approach near April 14, 2029 and 2039.





Keep an eye on the Earth Distance until it is the smallest value.





Scroll using "1 Year" first…








