Orbit of a Comet – A Three Dimensional Model

In this investigation, you will be constructing a three-dimensional model of the orbit of Comet Hale Bopp, which was a very visual comet seen in 1997.

In order to construct a three dimensional model of this orbit, you will need to construct a scale earth orbit on one plane (ecliptic), and the orbit of the comet on another plane.  You will use a manila folder, which you will cut in half to create two stiff pieces of material on which to construct these orbits.  

The orbit of a comet is elliptical, but the portion of it very close to the sun, at the very extremity of the ellipse, closely resembles a parabola.  For this reason, we will construct a parabola for the comet orbit.  We’ll do this by using a straightedge and compass.  

The six elements of a comet orbit are shown in the table below.  With this information, the orbit of the comet may be constructed and its angular position in space with respect to the plane of the earth orbit may be found.

	Element
	Value
	Ephemeris Date
	Distance from Sun (AU)

	Eccentricity e
	0.995
	19 December, 1996
	1.918

	Inclination angle I
	89.4°·
	18 January 1997
	1.539

	Longitude of the

Ascending Node  Ω
	Measured eastward 

From the vernal equinox  282.5°
	22 February 1997
	1.186

	Argument of the perihelion 
	Measured on comet orbit plane from ascending node to perihelion   130.6°
	19 March, 1997
	0.944

	Perihelion Date  t
	1 April, 1997
	18 April, 1997
	0.962

	Perihelion Distance  q
	0.914 A.U.
	18 May, 1997
	1.226


The ascending node is the intersection of the comet’s trajectory with the ecliptic as it moves through the ecliptic plane northward, while the descending node is the intersection of the trajectory as the comet moves southward through the plane of the ecliptic.  Because these nodes are intersections of planes, the nodes are lines.

Orbit Plot – Earth

To make the earth orbit plot,  you need to establish a scale.  To work on a sheet of 8.5 x 11 inch paper, use 5.00 cm = 1 A.U.  This will allow you to fit the other critical details on the sheet.  Do this by centering the earth orbit on the sheet (which should be stiff paper or file folder material).  Once you construct the circle for the earth orbit, place the equinox and solstice dates on your orbit.  On the ecliptic plane, also locate the perihelion date.  (As you locate these dates and positions, use your compass point to locate them on the back side of the sheet and label them there as well.)

Orbit Plot – Comet

The orbit of this comet is an ellipse, but with large eccentricity.  The close-up view (what we see from earth) of one end of a very eccentric ellipse resembles a parabola, so we’ll construct a parabola using a straightedge and compass technique about the sun as one focus.

On the other sheet file folder material, construct with a straightedge a line about 2.0 cm from the long edge of the page, and parallel to it.  Label this line “Directrix.”  Now bisect the directrix with another line drawn clear across the page in the short direction.  Label this line “Major Axis.”  Along the major axis, measure from the intersection with the directrix to scale he distance of perihelion q.  Measure another length z and label this point “Sun.”










Directrix














Perihelion Point












Sun’s Position



Major Axis




Comet Orbit Plane

A parabola is a curve which can be geometrically defined as “the locus of all points equidistant from a point and a line.”  We can construct a parabola by using the directrix as the line and the location fo the sun as the point.  The point on the major axis, which is exactly q away from the line (you measured it) and is marked on the diagram, and that is one point that is definitely equidistant between the point (sun) and the line (directrix).  To find others, see the diagram below.  The points where the arrow-heads meet are the same distance from the common point (sun) as they 

are perpendicularly from the directrix.  You can find several points on each side of the sun’s position by duplicating this process using your compass and a straightedge.
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Orbits Joined

Before fitting the orbits together, you need to find the line of nodes, or the intersection of the orbits.  You can do this for each of the two planes as described in the following sections.

Ecliptic Plane

On the ecliptic, find the direction to the vernal equinox by drawing a line from the earth’s position on 21 March through the sun, and to the edge of the sheet.  Measure the longitude of the ascending node eastward (centered on the sun’s position) from the vernal equinox direction.  Label this angle with the symbol given.
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The angle shown is the longitude of the ascending node ().  It is measured eastward from the direction to the vernal equinox as seen from the sun.  (Think of yourself at the sun’s position and facing the vernal equinox direction, then rotating to the left, which is eastward as we look out from the earth’s northern hemisphere.)  Along the direction of , label the radius from the sun outward as ascending node.  Label the opposite direction from the sun outward as descending node.  You can also make a line continuing the ascending node direction clear to the edge of the sheet representing the ecliptic.  (You should now cut with a scissors from the edge of the ecliptic to the sun’s position along the ascending node only.)

Once you have measured the angle shown and identified , you need to also mark the directions that are defined as ( + 90°) and ( + 180°), continuing to measure eastward.  Identify these angles by labeling them and show the directions as radial lines from the sun in each of the directions.  Also, you can identify other dates.  Be sure to at least label 21 September, 21 February, 21 January, 21 April, 21 May, 21 August, and 21 October.  Do this on both sides of the ecliptic plane by using a compass point to poke through the identification of each date after first plotting them on one side.

Comet Orbit Plane

On the comet orbit plane, find the position of the ascending node by measuring the argument of the perihelion (which is the angle from ascending node measured toward the perihelion.)  See the diagram below.  
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Line of Nodes on Comet Orbit Plane

On the diagram above, the angle identified is the argument of the perihelion ().  You should measure this angle from perihelion in the direction shown and label both the ascending and descending nodes. 

 On the comet orbit plane, you should extend the line of the descending node to the edge of the plane, and cut along this line only as far as the sun.  Be sure you have labeled the argument of the perihelion on both sides of the comet orbit plane as well.  Again, use your compass point to poke through specific points.  Now, use the ephereris distances to locate the comet on its orbital plane on those dates.

Joining the Two Orbits

To make this a three dimensional model of the comet’s orbit and the ecliptic, you need to slide the two slits you have cut,  (ascending node on the ecliptic, and descending node on the comet orbit plane), but first you need to decide how the two planes will be oriented.  To do this, remember the angle of inclination (89.4° in the case of Comet Hale-Bopp) is measured northward from the  + 90° direction that you earlier labeled on the ecliptic plane.

Important  

At this point, it would be a good idea to make sure the orbits and markings you have constructed are visible from both sides of the two intersection planes before you complete the intersection.  To do this, simply use your compass point or a pin to poke holes through the orbit planes, identifying every feature.  Then turn each orbit plane over and label each feature.

Try sliding the two orbit planes together so that the ascending nodes and descending nodes line up.  Once you’re satisfied that they’re correct, use some clear tape to secure the intersection on both sides.  Now make a pair of triangular tabs whose angle is the same as the inclination angle – 89.4°.  Place one tab on either side so that when you view the intersecting orbits on edge, the angular separation is correct.
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Orbit Intersections (Seen on Edge)
Now that you have built your three dimensional model, try seeing if you can imagine yourself in the position of the earth on 21 January, 21 February, 21 April, and 21 May.  See if you and another person can figure out in which directions and at what times the comet will be visible in these dates.  (To do so, take into consideration the position of the sun.)

In October and November, the comet was visible in the evening skies.  See if you can also imagine yourself in earth’s position on those days, and determine in which direction and at what time of night the comet was seen.

