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Lecture Content 

•2.6 Locating the Satellite With Respect to the Earth 

•2.7 Orbital Elements 



The process for locating satellite from observation point not at center of Earth
(from point on rotating surface of Earth).

• Begin with geocentric equatorial coordinate system (Fig 2.8)

• Rotational axis of Earth is zi axis, through geographic North Pole.
• xi axis from center of Earth toward fixed location in space called first point of 

Aries.

• (xi, yi) plane contains Earth's equator, known as equatorial plane.

2.6 Locating the Satellite With Respect to the Earth 







• Angular distance measured eastward in equatorial plane from xi axis is right 
ascension (RA), symbolized as RA.

•Points where orbit intersects equatorial plane are nodes:
• @Ascending node: Satellite moves upward through equatorial plane.
• @Descending node: Satellite moves downward through equatorial plane.



Figure 2.9: 

• Right ascension of ascending node is Ω.

• Inclination (i): Angle between orbital plane and equatorial plane.

• ω (omega): Argument of perigee west. This is the angle measured along 
orbit from ascending node to perigee.

• Variables Ω and i together locate orbital plane with respect to equatorial 
plane.

• To locate orbital coordinate system with respect to equatorial coordinate 
system, ω is needed.





Orbital elements are necessary to specify the absolute coordinates of a satellite at a particular 
time. Six quantities constitute the orbital elements, as determined by the satellite's equation 
of motion:

1. Eccentricity (e)
2. Semimajor axis (a)
3. Time of perigee (tp)
4. Right ascension of ascending node (Ω)
5. Inclination (i)
6. Argument of perigee (ω)

More than six quantities can describe a unique orbital path, with some flexibility in their 
selection. Commonly used orbital elements in satellite communications are eccentricity, 
semimajor axis, time of perigee, right ascension of ascending node, inclination, and argument 
of perigee. Mean anomaly (M) at a given time can sometimes substitute for time of perigee 
(tp).

2.7 Orbital Elements 















• Book Lecture notes
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ORBIT DETERMINATION 2:

• Orbital Constants allow you to determine coordinates (ro, o) and 
(xo, yo) in the orbital plane

• Now need to locate the orbital plane with respect to the earth

• More specifically: need to locate the orbital location with respect 
to a point on the surface of the earth
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LOCATING THE SATELLITE WITH 
RESPECT TO THE EARTH

• The orbital constants define the orbit of the satellite with 
respect to the CENTER of the earth

• To know where to look for the satellite in space, we must 
relate the orbital plane and time of perigee to the earth’s axis

NOTE: Need a Time Reference to locate the satellite.  The time reference most often 
used is the Time of Perigee, tp
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Time reference:

• tp Time of Perigee = Time of closest approach to the earth, at the 
same time, time the satellite is crossing the x0 axis, according to the 
reference used.

•  t- tp = time elapsed since satellite last passed the perigee.
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GEOCENTRIC EQUATORIAL 
COORDINATES - 1

• zi axis Earth’s rotational axis (N-S poles with N as positive z)

• xi axis In equatorial plane towards FIRST POINT OF ARIES

• yi axis Orthogonal to zi and xi

NOTE: The First Point of Aries is a line from the center of the earth 
through the center of the sun at the vernal equinox (spring) in the 
northern hemisphere
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GEOCENTRIC EQUATORIAL COORDINATES - 2

To First Point of Aries

RA = Right Ascension (in the xi,yi 
plane)

  = Declination (the angle from the 
xi,yi plane to the satellite radius)

NOTE: Direction to First Point of Aries 
does NOT rotate with  earth’s motion 
around; the direction only translates
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LOCATING THE SATELLITE - 1

• Find the Ascending Node
•Point where the satellite crosses the equatorial 

plane from South to North
•Define   and i
•Define  Inclination

Right Ascension of the Ascending Node 

(= RA from Fig. 2.6 in text)



23

DEFINING PARAMETERS

Orbit passes through 
equatorial plane here

First Point 
of Aries

Center of earth

Argument of Perigee

Right Ascension
Inclination of 
orbit

Equatorial plane
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DEFINING PARAMETERS 2

(Source: M.Richaria, Satellite Communication Systems, Fig.2.9) 



Definition of terms for earth-orbiting satellite

• Apogee The point farthest from earth. Apogee height is shown as ha in 
Fig

• Perigee The point of closest approach to earth. The perigee height is 
shown as hp 

• Line of apsides The line joining the perigee and apogee through the 
center of the earth.

• Ascending node The point where the orbit crosses the equatorial plane 
going from south to north.

• Descending node The point where the orbit crosses the equatorial 
plane going from north to south.

• Line of nodes The line joining the ascending and descending nodes 
through the center of the earth.

• Inclination The angle between the orbital plane and the earth’s 
equatorial plane. It is measured at the ascending node from the equator 
to the orbit, going from east to north. The inclination is shown as i in Fig.

• Mean anomaly  M gives an average value of the angular position of the 
satellite with reference to the perigee.

• True anomaly is the angle from perigee to the satellite position, 
measured at the earth’s center. This gives the true angular position of 
the satellite in the orbit as a function of time. 
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