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Abstract 

In this paper we present a very current problem in astronomy, about artificial satellites. 

We offer a method to calculate the orbital's parameter of a satellite, which can be studied and 

applied to astronomical education groups. Using these orbital parameters the kids can construct 

the  satellites trajectories, can track and follow them across the night sky.  

Introduction 

A satellite does not necessarily have to be a canister spinning through the infinite space. 

The word "satellite" is more than that: it means a smaller, space-based object moving in a loop 

(an orbit) around a larger object. The Moon is a natural satellite of the Earth, for example, 

because gravity locks it in orbit around our planet. The tin cans we think of as satellites are 

actually artificial (man-made) satellites that have been intentionally placed into orbit. They move 

in precisely calculated paths, circular (where the distance between the Earth is constant) or 

elliptical (oval), at various distances from Earth, usually well outside its atmosphere. 

The Earth’s natural satellite: the Moon  

The Moon orbits the Earth once every 27.3 days. This time period is called the orbital 

period or sidereal period. However, the time from one full moon to the next is 29.5 days (called 

the synodic period). This extra time is because of the change in angle as the Earth revolves 

around the Sun.  
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Artifical sattelites  

Thousands of artificial or man-made satellites orbit Earth. Some take pictures of the 

planet that help meteorologists predict the weather and track hurricanes. Some take pictures of 

other planets, the sun, black holes, dark matter or faraway galaxies. These pictures help scientists 

better understand the solar system and the universe.  

The Jason-2 satellite orbits Earth. It 

carries tools and sensors to help scientists 

study the oceans. Credits: NASA  

 

Satellites communicate by using radio waves 

to send signals to the antennas on the Earth. 

The antennas then capture those signals and 

process the information coming from those 

signals. Information can include: 

 

 

• scientific data (like the pictures the satellite took) 

            • the health of the satellite  

• where the satellite is currently located in space.  

 

Speed is an important factor. For a circular orbit, it is always the same, but for a elliptical 

one, the speed changes depending on the position in the orbit. The speed is maximum when the 

satellite is the closest to Earth (perigee) and must overcome the highest gravitational force and it 

is minimal at the greatest distance from Earth (apogee). 
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Cosmic speed, also called the speed of release for a celestial body, is the speed that a test 

body must initially have in order for it to come out of the gravitational field of that celestial 

body. Speed of release is the speed at which the kinetic energy of a test body is equal to the 

mechanical work done by the gravitational attraction of the celestial body on the test body when 

the test body moves from the considered point to infinity.  

The first cosmic speed (v1) is the minimum speed required for a body to become a 

satellite of the earth.(to go around the surface of the earth, circular) 

Calculated for Earth, it would be: 

𝐺
𝑚𝑀𝑒

𝑅𝑒
2

=
𝑚𝑣1

2

𝑅𝑒
⇒ 𝒗𝟏 = √

𝑮𝑴𝒆

𝑹𝒆
= 𝟕𝟗𝟎𝟓, 𝟖

𝒎

𝒔
= 𝟕, 𝟗𝟎𝟓𝟖 𝒌𝒎/𝒔 

 

The second cosmic speed (v2) is the maximum speed required for a body to become a 

satellite of the earth.(elliptical). It is can also be considered the speed of escape from the 

gravitational field of the earth. 

Calculated for Earth, it would be: 

𝒗𝟐 = √
𝟐𝑮𝑴𝒆

𝑹𝒆

= 𝟏𝟏𝟏𝟖𝟎, 𝟓
𝒎

𝒔
= 𝟏𝟏, 𝟏𝟖 𝒌𝒎/𝒔 

 

Where 𝑴𝒆  is the mass of the Earth,  𝑹𝒆  is the radius of the Earth and G = universal 

gravitational constant. 

 

 

 

 

 

 

 

𝑣1⃗⃗⃗⃗  

𝑣2⃗⃗⃗⃗  

𝑅𝑒 
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A satellite is launched in a circular orbit around the equator 

 

            We consider an observer at latitude 𝜙. Write 𝒛 = zenithal distance and r = orbital radius. 

 𝑴𝒆 is the mass of the Earth, m is the mass of the satellite,  𝑹𝒆 is the radius of the Earth 

and G = universal gravitational constant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑟 + 𝑅𝑒

sin(𝜋 − 𝑧)
=

𝑅𝑒

sin(𝜋 − 𝜙)
⇒

𝑟 + 𝑅𝑒

sin 𝑧
=

𝑅𝑒

sin 𝜙
 

𝑟 =
𝑅𝑒(sin 𝑧 − sin 𝜙)

sin 𝜙
 

The time the satellite would be visible to an observer at the equator 

 
𝐺𝑚𝑀𝑒

𝑟2
= 𝑚𝜔𝑠

2𝑟 

𝜔𝑠 =
2𝜋

𝑇𝑠
⇒ 𝑇𝑠 = 2𝜋√

𝑟3

𝐺𝑀𝑒
 

Relative angular velocity: 𝜔𝑟 = 𝜔𝑠 ± 𝜔𝑒 

 

Where 𝑻𝒆  is the Earth's rotation period, 𝑻𝒔  is the satellite's rotation period,  𝝎𝒆  is 

the Earth's  angular velocity  and 𝝎𝒔 is the satellite's  angular velocity. 

z 

𝜙 
𝛼 

O 

S 
Q 

C 
Re 𝑟 

P 

P` 
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1. The relative velocity of a satellite moving 

in the direction of the Earth's rotation. 

 𝜔𝑟 = 𝜔𝑠 − 𝜔𝑒 =
2𝛼

∆𝑡
  

cos 𝛼 =
𝑅𝑒

𝑟
 

𝜔𝑠 =
2𝜋

𝑇𝑠
 and 𝜔𝑒 =

2𝜋

𝑇𝑒
 

∆𝑡 =
𝑅𝑒𝑇𝑒𝑇𝑠

𝜋𝑟(𝑇𝑒 − 𝑇𝑠)
 

 

 

 

 

 

 

 

 

2. The relative velocity of a satellite moving 

in the opposite direction of the Earth's 

rotation. 
𝜔𝑟 = 𝜔𝑠 + 𝜔𝑒 =

2𝛼

∆𝑡
  

cos 𝛼 =
𝑅𝑒

𝑟
 

𝜔𝑠 =
2𝜋

𝑇𝑠
 and 𝜔𝑒 =

2𝜋

𝑇𝑒
 

∆𝑡 =
𝑅𝑒𝑇𝑒𝑇𝑠

𝜋𝑟(𝑇𝑒 + 𝑇𝑠)
 

 

 

 

 

 

 

 

 

3. The relative velocity of a geostationary satellite: 

𝜔𝑟 = 0 ⇔ 𝜔𝑠 = 𝜔𝑒 

 

The orbital period is equal to exactly one sidereal day. This means that the satellite will 

return to the same point above the Earth's surface every (sidereal) day, regardless of other orbital 

properties. 

The geostationary satellites are placed in geostationary orbits located above the equator at 

a fixed distance of 35,786 km. They rotate at the same speed and in the same direction as the 

Earth and can cover 42.2% of the planet's surface at any time. The concept of a geostationary 

𝑣⃗ 

𝑣⃗ 

𝑣`⃗⃗⃗⃗  

𝛼 

Re 

r 

𝑣⃗ 

𝑣⃗ 

𝑣`⃗⃗⃗⃗  𝛼 

Re 

r 
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orbit was popularized by the science fiction writer Arthur C Clarke as a way to revolutionize 

telecommunications and the first satellite to be placed in this kind of orbit was launched in 1963. 

There are 423 geostationary satellites in the Earth’s orbit. They are launched via a 

temporary orbit, and placed in a slot above a particular point on the Earth's surface. The orbit 

requires some station keeping to maintain its position, and modern retired satellites are placed in 

a higher graveyard orbit to avoid collisions. 

Communications satellites are often placed in a geostationary orbit so that Earth-based 

satellite antennas (located on the Earth) do not have to rotate to track them but can be pointed 

permanently at the position in the sky where the satellites are located. Weather satellites are also 

placed in this orbit for real-time monitoring and data collection, and navigation satellites to 

provide a known calibration point and enhance GPS accuracy. 

  
 

Geostationary communication satellites are useful because they are visible from a large 

area of the Earth's surface, extending 81° away in both latitude and longitude. They appear 

stationary in the sky, which eliminates the need for ground stations to have movable antennas. 

This means that Earth-based observers can erect small, cheap and stationary antennas that are 

always directed at the desired satellite. However, latency becomes significant as it takes about 

240m/s for a signal to pass from a ground based transmitter on the equator to the satellite and 

back again. This delay presents problems for latency-sensitive applications such as voice 

communication, so geostationary communication satellites are primarily used for unidirectional 

entertainment and applications where low latency alternatives are not available.  

Geostationary satellites are directly overhead at the equator and appear lower in the sky 

to an observer nearer the poles. As the observer's latitude increases, communication becomes 

more difficult due to factors such as atmospheric refraction, the Earth's thermal emission, line-of-

sight obstructions, and signal reflections from the ground or nearby structures. At latitudes above 

about 81°, geostationary satellites are below the horizon and cannot be seen at all. Because of 

this, some Russian communication satellites have used elliptical Molniya and Tundra orbits, 

which have excellent visibility at high latitudes. 
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The maximum coverage area of the Earth's surface 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑧` =
𝜋

2
⇒ 𝛼` =

𝜋

2
− 𝜙` 

𝑠𝑖𝑛(𝛼`) =
𝑅𝑒

𝑅𝑒 + 𝑟
 

𝑆𝐸 = 4𝜋𝑅𝑒
2 = the surface area of the earth 

𝑆𝑢 = 2 ∙ 2𝜋𝑅𝑒ℎ = 4𝜋𝑅𝑒(𝑅𝑒 − 𝑅𝑒𝑐𝑜𝑠 𝜙`) 

𝑆𝑢 = 4𝜋𝑅𝑒
2(1 − cos 𝜙`) = the uncovered area of the earth's surface 

𝑺𝒄 = 𝑺𝑬 − 𝑺𝒖 = 𝟒𝝅𝑹𝑬
𝟐𝒄𝒐𝒔𝝓`= the coverage area of the earth's surface 

 

z` 

𝜙` 
𝛼` 

O` 

S 
Q 

C 
Re 𝑟 
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P` 

Q 

uncovered area 

uncovered area 
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Disruptions in the motion of the Earth's artificial satellites.  

 

In the exact description of the movement of an artificial satellite must be taken into 

account the rotation of the Earth, therefore the movement of the satellite will be considered in 

space, and the projection of the orbit on the earth's surface will be a kind of spiral. 

Given the small mass of the satellite, the orbit will not be influenced by many disruptive 

factors.  

 

1. Disruptive factors of gravitational nature. The most important are: 

 

A. The non-centrality of the Earth's gravitational field.  

The Earth is not spherical, but flattened at the poles, therefore its gravitational field is not 

equivalent to the one of a sphere. The disruptive force that comes from the Earth's flattening (the 

most important) has as effect the precession of the orbit (the variation of longitude for the 

ascending node Ω in time) and the displacement of the perigee (the variation of the perigee 

argument in time). 

B. Moon-solar attraction.  

The orbits of artificial celestial bodies will be disrupted under the action of gravitational 

attraction exerted by other bodies in the solar system. For movement in the vicinity of the Earth, 

the main disturbances of this type are those related to the attractions exerted by the Moon and the 

Sun. 

C. The attraction of the other planets.  

In the case of interplanetary flights, the orbit of the artificial celestial body (cosmic 

vessel) can be severely disturbed by the attractions exerted by the other planets when 

approaching it.  

Powerful disturbances will produce, first of all, the giant planets: Jupiter, Saturn, Uranus 

and Neptune. 

 

2. Non-gravitational disturbing factors. The most important are:  

 

A. Resistance of the Earth's atmosphere .  

Up to an altitude of about 1000km atmospheric resistance is the main non-gravitational 

disturbing factor.  

B. Solar radiation pressure. 

It is important at high altitudes for satellites that have large dimensions and relatively 

small mass.  

Example: Echo and Pageos balloon satellites  

C. The influence of the Earth's magnetic field. 

It can be highlighted at high altitudes. 
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  Gradient in atmospheric particles distribution 

results in unbalanced drag on quickly moving 

satellites.  

 
   

Earth`s energy balance and shadowing. 

 

 

 
  Alouette 1 satellite with solar pressure 

affecting flexible antennas. 

 
   Mariner 4 probe with visible solar vanes used  

for altitude stabilization. 

 

 
 

   Gravity gradient torque example. 

 

 
   Diagram presenting influence of several 

common torques on a typical spacecraft, vs. 

Altitude. 
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Interplanetary transfer orbits 

In 1920, Dr. Walter Hohmann showed that a particular type of orbit was the most 

economical in rocket fuel expenditure.  

Transfer between circular, coplanar orbits about the Sun. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The energy of a particle in the orbit of radius 𝑟1: 

 
𝑚𝑣1

2

2
− 𝐺

𝑚𝑀

𝑟1
= 𝐶1 (constant) 

And balance of forces: 

 

𝑚𝑣1
2

𝑟1
= 𝐺

𝑚𝑀

𝑟1
2 ⇒ 𝑚𝑣1

2 = 𝐺
𝑚𝑀

𝑟1
 

 

⇒ 𝐺
𝑚𝑀

2𝑟1
− 𝐺

𝑚𝑀

𝑟1
= 𝐶1 ⇒ 

 

𝐶1 = −𝐺
𝑚𝑀

2𝑟1
  and  𝐶2 = −𝐺

𝑚𝑀

2𝑟2
 

 

𝑟2 > 𝑟1 so 𝐶1 < 𝐶2 in other words a change of orbit would be a change of energy. This change of 

energy is brought about by the rocket engine. 

By imparting a velocity increment ∆𝑣 to the rocket, it changes its kinetic energy and, 

hence its total energy. 

The increment velocity ∆𝑣 could be applied.  

 

 

 

The most economical transfer orbit 

between circular, coplanar orbits was an 

elliptical orbit cotangential to inner and outer  

orbits at perihelion and aphelion respectively. 

Such transfer orbits are known as 

Hohmann least - energy two - impulse 

cotangential orbits.  

The semi- major axis 𝑎  of the transfer 

orbits.  

𝐴𝐵 = 2𝑎 = 𝑟1 + 𝑟2 ⇒ 𝑎 =
𝑟1 + 𝑟2

2
 

 

 

 

 

𝑟1 

𝑣1⃗⃗⃗⃗  

𝑣2⃗⃗⃗⃗  𝑟2 

∆𝑣 𝐴 

∆𝑣 𝐵 

A 

B 

H . 
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The eccentricity e of the transfer orbit: 

𝐻𝐴 = 𝑟1 = 𝑎(1 − 𝑒) 

𝐻𝐵 = 𝑟2 = 𝑎(1 + 𝑒) 

𝑒 =
𝑟2 − 𝑟1
𝑟2 + 𝑟1

 

The velocity increments ∆𝑣𝐴 and ∆𝑣𝐵. At A the required increment ∆𝑣𝐴 is the difference 

between cicular velocity 𝑣1 in the inner orbit and perihelion velocity 𝑣𝑝 in the transfer orbit. 

∆𝑣𝐴 = 𝑣𝑝 − 𝑣1 since 𝑣𝑝 > 𝑣1 

∆𝐸𝑘𝐴 =
𝑚

2
(𝑣𝑝

2 − 𝑣1
2) 

𝑣1
2 =

𝐺𝑀

𝑟1
 

𝑣𝑝
2 = 𝐺𝑀 (

2

𝑟1
−

1

𝑎
) 

∆𝐸𝑘𝐴 =
𝐺𝑀𝑚

2
(
1

𝑟1
−

1

𝑎
) 

At B the required increment ∆𝑣𝐵 is the difference between cicular velocity 𝑣2 in the outer 

orbit and aphelion velocity 𝑣𝑎 in the transfer orbit. 

∆𝑣𝐵 = 𝑣2 − 𝑣𝑎  since 𝑣2 > 𝑣𝑎 

∆𝐸𝑘𝐵 =
𝑚

2
(𝑣2

2 − 𝑣𝑎
2) 

𝑣2
2 =

𝐺𝑀

𝑟2
 

𝑣𝑝
2 = 𝐺𝑀 (

2

𝑟2
−

1

𝑎
) 

∆𝐸𝑘𝐵 =
𝐺𝑀𝑚

2
(
1

𝑟2
−

1

𝑎
) 

Total energy  required: ∆𝑬𝒌𝑨 + ∆𝑬𝒌𝑩 =
𝒌𝒎𝑴

𝟐
(

𝟏

𝒓𝟏
−

𝟏

𝒓𝟐
) 
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The time 𝝉 spent in the transfer orbit. 

 It is the time interval spent in coasting from A to B.  It must be half the period of 

revolution in the transfer orbit. 

𝜏 =
𝑇

2
 

𝑇2(𝑀 + 𝑚)

𝑎3
=

4𝜋2

𝐺
 

𝑚 ≪ 𝑀 

 

𝑇 = 2𝜋√
𝑎3

𝐺𝑀
⇒ 𝜏 = 𝜋√

𝑎3

𝐺𝑀
⇒ 𝝉 = 𝝅√

(𝒓𝟏 + 𝒓𝟐)𝟑

𝟖𝑮𝑴
 

since the mass of the rocket is negligible compared to that of the central body.  

If distance is measured in astronomical units, time in years and the unit of mass in the 

Sun’s mass 𝐺𝑀 = 4𝜋2 

Therefore, we may write: 

𝝉 = √
(𝒓𝟏 + 𝒓𝟐)𝟑

𝟑𝟐
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Lagrange points 

 

Lagrange points are five positions in an orbital configuration where the satellite can be 

stationary relative to two large objects. These points mark positions in the orbit in which the Law 

of Universal Gravitation exerted by the two bodies with large masses, produce the centripetal 

force necessary for the satellite to rotate with them. These points in space can be used by 

spacecraft to reduce fuel consumption needed to remain in position. 

Next we will refer to the lagrange points in the ensemble Earth-Sun. 
 

  
 

Lagrange point L1 

 

 

 

  

𝐺
𝑚𝑀𝑠

(𝑅𝑒𝑠 − 𝑥)2
− 𝐺

𝑚𝑀𝑒

𝑥2
= 𝑚𝜔2(𝑅𝑒𝑠 − 𝑥) 

𝐺
𝑀𝑠

𝑅𝑒𝑠
2 (1 −

𝑥
𝑅𝑒𝑠

)2
− 𝐺

𝑀𝑒

𝑥2
= 𝜔2(𝑅𝑒𝑠 − 𝑥) 

𝐺
𝑀𝑠

𝑅𝑒𝑠
2 (1 −

𝑥

𝑅𝑒𝑠
)−2 − 𝐺

𝑀𝑒

𝑥2
= 𝜔2(𝑅𝑒𝑠 − 𝑥) 

For 𝑥 ≪ 𝑅𝑒𝑠 ⇒ (1 −
𝑥

𝑅𝑒𝑠
)

−2
≈ 1 + 2

𝑥

𝑅𝑒𝑠
 

𝑚 = the mass of the satellite 

L1 

Res= the distance earth - sun 

x 

𝑀𝑠 = the mass of the Sun 

𝑀𝑒 = the mass of the Earth 
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And angular velocity 𝜔 = √
𝐺𝑀𝑠

𝑅𝑒𝑠
3  

𝐺
𝑀𝑠

𝑅𝑒𝑠
2 (1 + 2

𝑥

𝑅𝑒𝑠
) −  𝐺

𝑀𝑒

𝑥2
=

𝐺𝑀𝑠

𝑅𝑒𝑠
3 (𝑅𝑒𝑠 − 𝑥) 

𝑀𝑠

𝑅𝑒𝑠
2 + 2

𝑥𝑀𝑠

𝑅𝑒𝑠
3 − 

𝑀𝑒

𝑥2
=

𝑀𝑠

𝑅𝑒𝑠
2 −

𝑥𝑀𝑠

𝑅𝑒𝑠
3  ⇒ 3

𝑥𝑀𝑠

𝑅𝑒𝑠
3 =

𝑀𝑒

𝑥2
⇒ 𝒙 = 𝑹𝒆𝒔 √

𝑴𝒆

𝟑𝑴𝒔

𝟑

 

𝑥 ≅ 1,5 ∙ 106𝑘𝑚 

Lagrange point L2 

 

 

 

 

𝐺
𝑚𝑀𝑠

(𝑅𝑒𝑠 + 𝑦)2
+ 𝐺

𝑚𝑀𝑒

𝑦2
= 𝑚𝜔2(𝑅𝑒𝑠 + 𝑦) 

𝐺
𝑀𝑠

𝑅𝑒𝑠
2 (1 +

𝑦
𝑅𝑒𝑠

)2
+ 𝐺

𝑀𝑒

𝑦2
= 𝜔2(𝑅𝑒𝑠 + 𝑦) 

𝐺
𝑀𝑠

𝑅𝑒𝑠
2

(1 +
𝑦

𝑅𝑒𝑠
)−2 + 𝐺

𝑀𝑒

𝑦2
= 𝜔2(𝑅𝑒𝑠 + 𝑦) 

For 𝑦 ≪ 𝑅𝑒𝑠 ⇒ (1 +
𝑦

𝑅𝑒𝑠
)−2 ≈ 1 − 2

𝑦

𝑅𝑒𝑠
 

And angular velocity 𝜔 = √
𝐺𝑀𝑠

𝑅𝑒𝑠
3  

𝐺
𝑀𝑠

𝑅𝑒𝑠
2

(1 − 2
𝑦

𝑅𝑒𝑠
) +  𝐺

𝑀𝑒

𝑦2
=

𝐺𝑀𝑠

𝑅𝑒𝑠
3 (𝑅𝑒𝑠 + 𝑦) 

𝑀𝑠

𝑅𝑒𝑠
2

− 2
𝑦𝑀𝑠

𝑅𝑒𝑠
3 +  

𝑀𝑒

𝑦2
=

𝑀𝑠

𝑅𝑒𝑠
2

+
𝑦𝑀𝑠

𝑅𝑒𝑠
3  ⇒ 3

𝑦𝑀𝑠

𝑅𝑒𝑠
3 =

𝑀𝑒

𝑦2
⇒ 𝑦 = 𝑅𝑒𝑠 √

𝑀𝑒

3𝑀𝑠

3

 

𝒙 = 𝒚 = 𝑹𝒆𝒔 √
𝑴𝒆

𝟑𝑴𝒔

𝟑

= 𝑹𝑯𝒊𝒍𝒍 

L2 

Res 

y 

𝑀𝑠 
𝑀𝑒 



16 
 

The Earth's Hill sphere, is the region in which the Earth's Law of Universal Gravitation 

on a satellite is dominant.   

The Earth's Hill sphere extends between the Lagrangian points L1 and L2, which lie along 

the line of centers of the two bodies (the Earth and the Sun). Any satellite of the Earth, in order 

to be stable, must have an orbit inside the Earth's Hill sphere, so that its rotation period is less 

than 7 months. 

The L1 point of the Earth-Sun system affords an uninterrupted view of the Sun and is 

currently home to the Solar and Heliospheric Observatory Satellite SOHO. 

The L2 point of the Earth-Sun system was the home to the WMAP spacecraft, current 

home of Planck, and future home of the James Webb Space Telescope. L2 is ideal for astronomy 

because a spacecraft is close enough to readily communicate with Earth, can keep Sun, Earth and 

Moon behind the spacecraft for solar power and (with appropriate shielding) provides a clear 

view of deep space for our telescopes.  

The L1 and L2 points are unstable on a time scale of approximately 23 days, which 

requires satellites orbiting these positions to undergo regular course and attitude corrections. 

Lagrange point L3 
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)−2 = 1 − 2

𝑧

𝑅𝑒𝑠
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And angular velocity 𝜔 = √
𝐺𝑀𝑠

𝑅𝑒𝑠
3   

𝐺
𝑀𝑒

4𝑅𝑒𝑠
2

(1 −
𝑧

𝑅𝑒𝑠
) + 𝐺

𝑀𝑠

𝑅𝑒𝑠
2

(1 − 2
𝑧

𝑅𝑒𝑠
) = 𝐺

𝑀𝑠

𝑅𝑒𝑠
3 (𝑅𝑒𝑠 + 𝑧) 

𝑀𝑒

4𝑅𝑒𝑠
2

= 𝑧 (
3𝑀𝑠

𝑅𝑒𝑠
3 +

𝑀𝑒

4𝑅𝑒𝑠
3 ) ⇒ 𝒛 = 𝑹𝒆𝒔

𝑴𝒆

𝑴𝒆 + 𝟏𝟐𝑴𝒔
 

 

NASA is unlikely to find any use for the L3 point since it remains hidden behind the Sun 

at all times. The idea of a hidden planet has been a popular topic in science fiction writing. 

Lagrange points L4 and L5 

 

 

 

 

 

 

 

 

The L4 and L5 points are in the third vertex of equilateral triangles, with common base, 

equal to the earth-sun distance. 

These points are home to stable orbits so long as the mass ratio between the two large 

masses exceeds 24,96. This condition is satisfied for both the Earth-Sun and Earth-Moon 

systems, and for many other pairs of bodies in the solar system. Objects found orbiting at the L4 

and L5 points are often called Trojans after the three large asteroids Agamemnon, Achilles and 

Hector that orbit in the L4 and L5 points of the Jupiter-Sun system. 

There are hundreds of Trojan Asteroids in the solar system. Most orbit with Jupiter, but 

others orbit with Mars. In addition, several of Saturn's moons have Trojan companions. 

In 2010 NASA's WISE telescope finally confirmed the first Trojan asteroid (2010 

TK7) around Earth's leading Lagrange point. 
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Conclusions 

 

Finally, you see that satellites are extremely vital in the world. 

Satellites are today's necessary and complex inventions and they can be easily understood on the 

surface. They are used in identifying crops, finding natural resources, warning us of storms and 

forecasting weather, communicating with other countries and the navigating ships. We are so used 

to having all this technology at our fingertips that it is hard to imagine what our society would be 

like without it. 

 

 

  The higher a satellite's orbit, the slower it moves. Certain orbital altitudes have 

special properties, like a geosynchronous orbit, in which a sattellite travells around the 

Earth exactly once each day. The length of each red arrow in this diagram represents the 

distance traveled by a satellite in one  hour. (NASA image) 

 

TRMM’s low orbital inclination – just 35°  from the equator – allows its 

instruments to concentrate on the tropics. This image shows one half of the observations 

TRMM makes in a single day. (NASA image – TRMM Project) 
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