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Kepler’s Laws

• LAW 1: The orbit of a planet about the Sun is an 
ellipse with the Sun's center of mass at one focus
LAW 2: A line joining a planet and the Sun 
sweeps out equal areas in equal intervals of time

• LAW 3: The squares of the periods of the planets 
are proportional to the cubes of their semi-major 
axes

Kepler’s First Law 

• LAW 1: The orbit of a planet about the Sun 
is an ellipse with the Sun's center of mass at 
one focus.

This is the equation for an ellipse:   

Cont….

• Earth’s orbit has an eccentricity of 0.017 
(nearly circular)

• Pluto’s orbit has an eccentricity of 0.248 
(the largest in our solar system)

• Satellites also follow Kepler’s 1st Law 
– But Earth can replace sun at Focus

Kepler’s Second Law

• LAW 2: A line joining a planet and the Sun 
sweeps out equal areas in equal intervals of 
time
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Cont…

• So… Satellites go faster at Perigee than at 
Apogee

• Reason:  conservation of specific 
mechanical energy; i.e., З = KE + PE

Kepler’s Third Law

LAW 3:  
The period of an orbit depends on the 
altitude of the orbit

OR
The square of the period is proportional 
to the cube of its mean distance from 
primary focus

• Ta
2 / Tb

2 = Ra
3 / Rb
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Cont…

• Low Earth orbit: 90 minutes
– 186 miles, 17,684 mph

• Geosychronous: 24 hours
– 22,236 miles, 6,857 mph

• Moon: 28 days (one month)
– 238,330 miles, 2,259 mph

Orbital Elements

• The classic 'Keplerians' are the seven 
mathematical values which determine a 
spacecraft's orbit around the Earth.

• In practice there are additional values 
which are required because the Earth 
isn't a perfect sphere, and other 
anomalies. 

Cont…
• Seven numbers are required to define a satellite 

orbit. This set of seven numbers is called the 
satellite orbital elements, or sometimes 
"Keplerian" elements (after Johann Kepler [1571-
1630]), or just elements

• These numbers define an ellipse, orient it about 
the earth, and place the satellite on the ellipse at a 
particular time.

• In the Keplerian model, satellites orbit in an 
ellipse of constant shape and orientation. The 
Earth is at one focus of the ellipse, not the center 
(unless the orbit ellipse is actually a perfect circle)
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Cont…
The basic orbital elements are...
1. Epoch
2. Orbital Inclination
3. Right Ascension of Ascending Node (R.A.A.N.) 
4. Argument of Perigee
5. Eccentricity
6. Mean Motion
7. Mean Anomaly
8. Drag (optional)

Note:Satellite keplerians are also distributed by NASA in a format called the NASA two-
line format.

Epoch
• [aka "Epoch Time" or "T0"] 
• A set of orbital elements is a snapshot, at a 

particular time, of the orbit of a satellite. Epoch is 
simply a number which specifies the time at which 
the snapshot was taken

Orbital Inclination
• [aka "Inclination" or "I0"] 
• The orbit ellipse lies in a plane known as the 

orbital plane. The orbital plane always goes 
through the center of the earth, but may be tilted 
any angle relative to the equator. Inclination is the 
angle between the orbital plane and the equatorial 
plane. By convention, inclination is a number 
between 0 and 180 degrees. 

Right Ascension of Ascending Node
• [aka "RAAN" or "RA of Node" or “RAAN", and 

occasionally called "Longitude of Ascending 
Node"] 

• Right ascension is another fancy word for an 
angle, in this case, an angle measured in the 
equatorial plane from a reference point in the sky 
where right ascension is defined to be zero. 
Astronomers call this point the vernal equinox. 

• Finally, "right ascension of ascending node" is an 
angle, measured at the center of the earth, from the 
vernal equinox to the ascending node. 

A few words about elliptical orbits... The 
point where the satellite is closest to the 
earth is called perigee, although it's 
sometimes called periapsis or perifocus. 
We'll call it perigee. The point where the 
satellite is farthest from earth is called 
apogee (aka apoapsis, or apifocus). 

Argument of Perigee
• If we draw a line from perigee to apogee, this line 

is called the line-of-apsides
(Sometimes the line-of-apsides is called the major-axis of the ellipse)

• The line-of-apsides passes through the center of 
the earth. We've already identified another line 
passing through the center of the earth: the line of 
nodes. The angle between these two lines is called 
the argument of perigee

• Where any two lines intersect, they form two 
supplementary angles, so to be specific, we say 
that argument of perigee is the angle (measured at 
the center of the earth) from the ascending node to 
perigee. 

Cont…

• In simple words the polar angle locating the 
perigee point of a satellite in the orbital 
plane; drawn between the ascending node, 
geocenter and perigee and measured from 
ascending node in direction of satellite 
motion.
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Eccentricity
• [aka "ecce" or "E0" or "e"] 
• Eccentricity tells us the "shape" of the ellipse. 

When e=0, the ellipse is a circle. When e is very 
near 1, the ellipse is very long and skinny.

Mean Motion
• [aka "N0"] (related to "orbit period" and 

"semimajor-axis") 
• Now we need to know the "size" of the orbit 

ellipse. In other words, how far away is the 
satellite?

• Kepler's third law of orbital motion gives us a precise 
relationship between the speed of the satellite and its 
distance from the earth. Satellites that are close to the earth 
orbit very quickly. Satellites far away orbit slowly. This 
means that we could accomplish the same thing by 
specifying either the speed at which the satellite is moving, 
or its distance from the earth! 

• Satellites in circular orbits travel at a constant speed. 
Simple. We just specify that speed, and we're done. 
Satellites in non-circular (i.e., eccentricity > 0) orbits move 
faster when they are closer to the earth, and slower when 
they are farther away. The common practice is to average 
the speed. You could call this number "average speed", but 
astronomers call it the "Mean Motion". Mean Motion is 
usually given in units of revolutions per day

• In this context, a revolution or period is defined as 
the time from one perigee to the next. 

• Sometimes "orbit period" is specified as an orbital 
element instead of Mean Motion. Period is simply 
the reciprocal of Mean Motion. A satellite with a 
Mean Motion of 2 revs per day, for example, has a 
period of 12 hours. 

• Sometimes semi-major-axis (SMA) is specified 
instead of Mean Motion. SMA is one-half the 
length (measured the long way) of the orbit 
ellipse, and is directly related to mean motion by a 
simple equation. 

• Typically, satellites have Mean Motions in the 
range of 1 rev/day to about 16 rev/day

Mean Anomaly
• [aka "M0" or "MA" or "Phase"] 
• Now that we have the size, shape, and orientation 

of the orbit firmly established, the only thing left 
to do is specify where exactly the satellite is on 
this orbit ellipse at some particular time.

• Anomaly is yet another astronomer-word for 
angle. Mean anomaly is simply an angle that 
marches uniformly in time from 0 to 360 degrees 
during one revolution. It is defined to be 0 degrees 
at perigee, and therefore is 180 degrees at apogee. 

Drag
• [aka "N1"] 
• Drag caused by the earth's atmosphere causes 

satellites to spiral downward. As they spiral 
downward, they speed up. The Drag orbital 
element simply tells us the rate at which Mean 
Motion is changing due to drag or other related 
effects. Precisely, Drag is one half the first time 
derivative of Mean Motion. 

• Its units are revolutions per day per day. It is 
typically a very small number. Common values for 
low-earth-orbiting satellites are on the order of 
10^-4. Common values for high-orbiting satellites 
are on the order of 10^-7 or smaller. 
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Kepler Orbital Parameters
(Kepler Elements)

• Ω – right ascension of ascending node
• i – inclination of orbital plane
• ω – argument of perigee
• a – semimajor axis of orbital ellipse
• e – numerical eccentricity of ellipse
• T0 – epoch of perigee passage
Ref:  

http://www.amsat.org/amsat/keps/kepmodel.html#
argp

www.amsat.org/amsat/ftp/keps/current/amsat.all

Kepler Elements


