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57.6: Computing a Position

Now let's put all this together and see how you go about computing the position of a body in an elliptical orbit - let's say a planet
orbiting the Sun - at a time ¢, given its orbital elements. We begin by computing the mean daily motion n of the body, which is how
many revolutions it makes in its orbit per day. This is found from Kepler's third law:
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where G is the universal gravitational constant, M, is the mass of the central body, and a is the semi-major axis of the orbit. The
factor 86400 /2in front converts to units of rev/day.

Next we find the mean anomaly M at time ¢ :

Essentially what we're doing here is assuming the orbit is a perfect circle; knowing the mean anomaly M at the epoch time Tj,
this equation finds the mean anomaly M at some other time ¢. Here both M and M, are in units of radians, ¢ and T; are Julian
days, and n is in units of rev/day.

Of course, the real orbit is generally an ellipse, not a circle, so the next step is to adjust the mean anomaly M to correct it for the
eccentricity of the orbit. The result is called the eccentric anomaly E. We find the eccentric anomaly by solving the following
equation, called Kepler's equation, for F :

M=FE—esinE (57.6.3)

(Here M and E are both in radians.) Kepler's equation cannot be solved for E in closed form, so we need to make use of some
iterative method such as Newton's method to solve for E.

Having found E, the next step is to correct the orbit for the fact that the body is at one of the foci of the ellipse, not at the center of
the ellipse. This correction gives what's called the true anomaly f (again in radians):

tan(é) = g tan(%) (57.6.4)

The true anomaly f is the true polar coordinate of the body, measured from the pericenter to the body, in the plane of the orbit.
Next we find radial distance r of the orbiting body from the central body:
r=a(l—ecoskE) (57.6.5)

The quantities 7 and f are the plane polar coordinates of the orbiting body, with the central body at the origin. The remainder of the
calculations are essentially a set of coordinate transformations to find the right ascension and declination of the body.

We begin these coordinate transformations by finding the argument of latitude u (radians):

u=w+tf (57.6.6)
Next, we find the heliocentric cartesian ecliptic coordinates (z, y, z) of the orbiting body:
z =r(cosucosQ —sinusin( cos?) (57.6.7)
y =r(cosusin{ +sinu cos 2 cosi) (57.6.8)
z=rsinusing (57.6.9)

For the orbit of a planet around the Sun, these are the cartesian coordinates of the body in a coordinate system centered at the Sun.

We don't want to know where the body will appear in the sky as seen from the Sun, though—we want to know where it will be in
the sky as seen from the Earth. So next we move the origin of this coordinate system from the Sun to the Earth, giving the
geocentric cartesian ecliptic coordinates (., e, 2. ) of the body:
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T = +zo (57.6.10)
Ye =Y +Yo (57.6.11)
2e =2+ 20 (57.6.12)

where (2, Yo, 26 ) are the geocentric cartesian coordinates of the Sun at time ¢.

Now we convert from cartesian to spherical coordinates. Assuming the reference plane is the ecliptic, this gives the geocentric
ecliptic longitude A and ecliptic latitude 3 :

tan\ = 2L (57.6.13)
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Finally, we convert these ecliptic coordinates to right ascension « and declination § :

sinf = (57.6.14)

tano — sin A cose —tan Bsine (57.6.15)
cos A

sind =sinfcose +cosBsinesin A (57.6.16)
where ¢ is the obliquity of the ecliptic (about 23.5° ).

Egs. 57.6.15and 57.6.16 are the solution to the problem: we could find a star atlas (which has lines of right ascension and
declination marked on it), locate the planet, and find where in the sky the planet can be seen.

57.6: Computing a Position is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by LibreTexts.

https://phys.libretexts.org/@go/page/92366



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://phys.libretexts.org/@go/page/92366?pdf
https://phys.libretexts.org/Courses/Prince_Georges_Community_College/General_Physics_I%3A_Classical_Mechanics/57%3A__Celestial_Mechanics/57.06%3A_Computing_a_Position
https://creativecommons.org/licenses/by-nc-sa/4.0

