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Important Elliptical Orbits Formulas

1) Elliptical Orbit Parameters Formulas 
1.1) Angular Momentum in Elliptic Orbit Given Apogee Radius and Apogee Velocity Formula

Formula

he = re,apogee ⋅ vapogee

Example with Units

65750km²/s = 27110km ⋅ 2.425304316km/s

1.2) Angular Momentum in Elliptic Orbit Given Perigee Radius and Perigee Velocity Formula

Formula

he = re,perigee ⋅ vperigee

Example with Units

65749.989km²/s = 6778km ⋅ 9.7005km/s

1.3) Apogee Radius of Elliptic Orbit Given Angular Momentum and Eccentricity Formula 
Formula

re,apogee =
he

2

[GM.Earth] ⋅ � 1 - ee �

Example with Units

27114.0097km =
65750km²/s

2

4E+14m³/s² ⋅ � 1 - 0.6 �

1.4) Apogee Velocity in Elliptic Orbit Given Angular Momentum and Apogee Radius Formula

Formula

vapogee =
he

re,apogee

Example with Units

2.4253km/s =
65750km²/s

27110km

1.5) Azimuth-Averaged Radius Given Apogee and Perigee Radii Formula 
Formula

rθ = �re,apogee ⋅ re,perigee

Example with Units

13555.5km = �27110km ⋅ 6778km
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1.6) Eccentricity of Elliptical Orbit given Apogee and Perigee Formula 
Formula

ee =
re,apogee - re,perigee
re,apogee + re,perigee

Example with Units

0.6 =
27110km - 6778km

27110km + 6778km

1.7) Eccentricity of Orbit Formula 
Formula

ee =
dfoci
2 ⋅ ae

Example with Units

0.6021 =
20400km

2 ⋅ 16940km

1.8) Elliptical Orbit Time Period given Angular Momentum and Eccentricity Formula 
Formula

Te =
2 ⋅ 𝜋

[GM.Earth]2
⋅
⎛
⎜

⎝

he

�1 - ee
2

⎞
⎟

⎠

3

Example with Units

21954.4028 s =
2 ⋅ 3.1416

4E+14m³/s²
2 ⋅
⎛
⎜

⎝

65750km²/s

�1 - 0.6
2

⎞
⎟

⎠

3

1.9) Radial Velocity in Elliptic Orbit given Radial Position and Angular Momentum Formula 
Formula

vr =
he
re

Example with Units

3.4853km/s =
65750km²/s

18865km

1.10) Radial Velocity in Elliptic Orbit given True Anomaly, Eccentricity, and Angular Momentum
Formula 

Formula

vr = [GM.Earth] ⋅ ee ⋅
sin � θe �

he

Example with Units

2.5671km/s = 4E+14m³/s² ⋅ 0.6 ⋅
sin � 135.11 ° �
65750km²/s

1.11) Semimajor Axis of Elliptic Orbit given Apogee and Perigee Radii Formula 
Formula

ae =
re,apogee + re,perigee

2

Example with Units

16944km =
27110km + 6778km

2
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1.12) Specific Energy of Elliptic Orbit given Angular Momentum Formula 
Formula

εe = -
1
2 ⋅

[GM.Earth]
2

he
2 ⋅ � 1 - ee

2
�

Example with Units

-11760.7228kJ/kg = -
1
2 ⋅

4E+14m³/s²
2

65750km²/s
2 ⋅ � 1 - 0.6

2
�

1.13) Specific Energy of Elliptic Orbit given Semi Major Axis Formula 
Formula

εe = -
[GM.Earth]

2 ⋅ ae

Example with Units

-11765.0662kJ/kg = -
4E+14m³/s²

2 ⋅ 16940km

1.14) Time Period for One Complete Revolution given Angular Momentum Formula 
Formula

Te =
2 ⋅ 𝜋 ⋅ ae ⋅ be

he

Example with Units

21230.7733 s =
2 ⋅ 3.1416 ⋅ 16940km ⋅ 13115km

65750km²/s

1.15) Time Period of Elliptical Orbit given Angular Momentum Formula 
Formula

Te =
2 ⋅ 𝜋

[GM.Earth]
2 ⋅
⎛
⎜

⎝

he

�1 - ee
2

⎞
⎟

⎠

3

Example with Units

21954.4028 s =
2 ⋅ 3.1416

4E+14m³/s²
2 ⋅
⎛
⎜

⎝

65750km²/s

�1 - 0.6
2

⎞
⎟

⎠

3

1.16) Time Period of Elliptical Orbit given Semi-Major Axis Formula 
Formula

Te = 2 ⋅ 𝜋 ⋅ ae
2
⋅
�1 - ee

2

he

Example with Units

21938.1959 s = 2 ⋅ 3.1416 ⋅ 16940km
2
⋅
�1 - 0.6

2

65750km²/s

1.17) True Anomaly in Elliptic Orbit Given Radial Position, Eccentricity, and Angular
Momentum Formula 

Formula

θe = 𝑎cos
⎛
⎜

⎝

he
2

[GM.Earth] ⋅ re
- 1

ee

⎞
⎟

⎠

Example with Units

135.1122 ° = 𝑎cos
⎛
⎜

⎝

65750 km²/s
2

4E+14m³/s² ⋅ 18865 km
- 1

0.6
⎞
⎟

⎠
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2) Orbital Position as Function of Time Formulas 
2.1) Eccentric Anomaly in Elliptic Orbit given True Anomaly and Eccentricity Formula 

Formula

E = 2 ⋅ 𝑎tan
⎛
⎜

⎝

�
1 - ee
1 + ee

⋅ tan�
θe
2 �

⎞
⎟

⎠

Example with Units

100.8744 ° = 2 ⋅ 𝑎tan��
1 - 0.6
1 + 0.6

⋅ tan�
135.11 °

2
��

2.2) Mean Anomaly in Elliptic Orbit given Eccentric Anomaly and Eccentricity Formula 
Formula

Me = E - ee ⋅ sin � E �

Example with Units

67.1138 ° = 100.874 ° - 0.6 ⋅ sin � 100.874 ° �

2.3) Mean Anomaly in Elliptic Orbit given Time since Periapsis Formula 
Formula

Me =
2 ⋅ 𝜋 ⋅ te

Te

Example with Units

67.3973 ° =
2 ⋅ 3.1416 ⋅ 4100 s

21900 s

2.4) Time since Periapsis in Elliptic Orbit given Eccentric Anomaly and Time Period Formula

Formula

te = � E - ee ⋅ sin � E � � ⋅
Te

2 ⋅ Π ( 6 )

Example with Units

4275.4522 s = � 100.874 ° - 0.6 ⋅ sin � 100.874 ° � � ⋅
21900 s

2 ⋅ Π ( 6 )

2.5) Time since Periapsis in Elliptic Orbit given Mean Anomaly Formula 
Formula

te = Me ⋅
Te
2 ⋅ 𝜋

Example with Units

4091.0417 s = 67.25 ° ⋅
21900 s

2 ⋅ 3.1416
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Evaluate Formula 
2.6) True Anomaly in Elliptic Orbit given Eccentric Anomaly and Eccentricity Formula 

Formula

θe = 2 ⋅ 𝑎tan
⎛
⎜

⎝

�
1 + ee
1 - ee

⋅ tan�
E
2 �

⎞
⎟

⎠

Example with Units

135.1097 ° = 2 ⋅ 𝑎tan��
1 + 0.6
1 - 0.6

⋅ tan�
100.874 °

2
��
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Variables used in list of Elliptical
Orbits Formulas above

ae Semi Major Axis of Elliptic Orbit (Kilometer)

be Semi Minor Axis of Elliptic Orbit (Kilometer)

dfoci Distance Between Two Foci (Kilometer)

E Eccentric Anomaly (Degree)

ee Eccentricity of Elliptical Orbit

he Angular Momentum of Elliptic Orbit (Square

Kilometer per Second)

Me Mean Anomaly in Elliptical Orbit (Degree)

re Radial Position in Elliptical Orbit (Kilometer)

re,apogee Apogee Radius in Elliptic Orbit

(Kilometer)

re,perigee Perigee Radius in Elliptic Orbit
(Kilometer)

rθ Azimuth Averaged Radius (Kilometer)

te Time since Periapsis in Elliptical Orbit (Second)

Te Time Period of Elliptic Orbit (Second)

vapogee Velocity of Satellite at Apogee

(Kilometer per Second)

vperigee Velocity of Satellite at Perigee
(Kilometer per Second)

vr Radial Velocity of Satellite (Kilometer per

Second)

εe Specific Energy of Elliptical Orbit (Kilojoule per

Kilogram)

θe True Anomaly in Elliptical Orbit (Degree)

Constants, Functions,
Measurements used in list of

Elliptical Orbits Formulas above

constant(s): pi,
3.14159265358979323846264338327950288
Archimedes' constant
constant(s): [GM.Earth], 3.986004418E+14
Earth’s Geocentric Gravitational Constant
Functions: acos, acos(Number)
The inverse cosine function, is the inverse
function of the cosine function. It is the function
that takes a ratio as an input and returns the
angle whose cosine is equal to that ratio.
Functions: atan, atan(Number)
Inverse tan is used to calculate the angle by
applying the tangent ratio of the angle, which is
the opposite side divided by the adjacent side of
the right triangle.
Functions: cos, cos(Angle)
Cosine of an angle is the ratio of the side adjacent
to the angle to the hypotenuse of the triangle.
Functions: Pi, Pi(Number)
The prime-counting function is a function in
mathematics that counts the number of prime
numbers that are less than or equal to a given
real number.
Functions: sin, sin(Angle)
Sine is a trigonometric function that describes the
ratio of the length of the opposite side of a right
triangle to the length of the hypotenuse.
Functions: sqrt, sqrt(Number)
A square root function is a function that takes a
non-negative number as an input and returns the
square root of the given input number.
Functions: tan, tan(Angle)
The tangent of an angle is a trigonometric ratio of
the length of the side opposite an angle to the
length of the side adjacent to an angle in a right
triangle.
Measurement: Length in Kilometer (km)
Length Unit Conversion 
Measurement: Time in Second (s)
Time Unit Conversion 
Measurement: Speed in Kilometer per Second
(km/s)
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Speed Unit Conversion 
Measurement: Angle in Degree (°)
Angle Unit Conversion 
Measurement: Specific Energy in Kilojoule per
Kilogram (kJ/kg)
Specific Energy Unit Conversion 
Measurement: Specific Angular Momentum in
Square Kilometer per Second (km²/s)
Specific Angular Momentum Unit Conversion 

© formuladen.com Important Elliptical Orbits Formulas PDF... 7/8

https://www.unitsconverters.com/en/Speed-Conversions/Measurement-13
https://www.unitsconverters.com/en/Speed-Conversions/Measurement-13
https://www.unitsconverters.com/en/Angle-Conversions/Measurement-20
https://www.unitsconverters.com/en/Angle-Conversions/Measurement-20
https://www.unitsconverters.com/en/Specific-Energy-Conversions/Measurement-1154
https://www.unitsconverters.com/en/Specific-Energy-Conversions/Measurement-1154
https://www.unitsconverters.com/en/Specific-Angular-Momentum-Conversions/Measurement-1296
https://www.unitsconverters.com/en/Specific-Angular-Momentum-Conversions/Measurement-1296
https://www.formuladen.com/en/
https://www.formuladen.com/en/
https://www.formuladen.com/en/


9/23/2024 | 11:47:53 AM UTC

Download other Important The Two Body Problem PDFs

Important Circular Orbits Formulas 
Important Elliptical Orbits Formulas 
Important Hyperbolic Orbits
Formulas 

Important Parabolic Orbits
Formulas 

Try our Unique Visual Calculators

Winning percentage 

Mixed fraction 

LCM of two numbers 

Please SHARE this PDF with someone who needs it!

This PDF can be downloaded in these languages

English  Spanish  French  German  Russian  Italian  Portuguese  Polish  Dutch 

© formuladen.com Important Elliptical Orbits Formulas PDF... 8/8

https://www.formuladen.com/en/circular-orbits-formulas/FormulaList-11297
https://www.formuladen.com/en/circular-orbits-formulas/FormulaList-11297
https://www.formuladen.com/en/elliptical-orbits-formulas/FormulaList-11369
https://www.formuladen.com/en/elliptical-orbits-formulas/FormulaList-11369
https://www.formuladen.com/en/hyperbolic-orbits-formulas/FormulaList-11370
https://www.formuladen.com/en/hyperbolic-orbits-formulas/FormulaList-11370
https://www.formuladen.com/en/parabolic-orbits-formulas/FormulaList-11374
https://www.formuladen.com/en/parabolic-orbits-formulas/FormulaList-11374
https://www.visualpercentagecalculator.com/en/winning-percentage/Perc-22
https://www.visualpercentagecalculator.com/en/winning-percentage/Perc-22
https://www.visualfractioncalculator.com/en/mixed-fraction-addition/frac-5
https://www.visualfractioncalculator.com/en/mixed-fraction-addition/frac-5
https://www.lcmhcfcalculator.com/en/lcm-of-two-numbers-by-prime-factorization-using-factor-tree/lcmhcf-1
https://www.lcmhcfcalculator.com/en/lcm-of-two-numbers-by-prime-factorization-using-factor-tree/lcmhcf-1
https://www.formuladen.com/PDF/Nodes/11369/List-of-Important-Elliptical-orbits-Formulas.PDF
https://www.formuladen.com/PDF/Nodes/11369/Lista-de-Importante-Orbitas-elipticas-F%c3%b3rmulas.PDF
https://www.formuladen.com/PDF/Nodes/11369/Liste-de-Important-Orbites-elliptiques-Formules.PDF
https://www.formuladen.com/PDF/Nodes/11369/Liste-von-Wichtig-Elliptische-umlaufbahnen-Formeln.PDF
https://www.formuladen.com/PDF/Nodes/11369/%d0%a1%d0%bf%d0%b8%d1%81%d0%be%d0%ba-%d0%92%d0%b0%d0%b6%d0%bd%d1%8b%d0%b9-%d0%ad%d0%bb%d0%bb%d0%b8%d0%bf%d1%82%d0%b8%d1%87%d0%b5%d1%81%d0%ba%d0%b8%d0%b5-%d0%be%d1%80%d0%b1%d0%b8%d1%82%d1%8b-%d0%a4%d0%be%d1%80%d0%bc%d1%83%d0%bb%d1%8b.PDF
https://www.formuladen.com/PDF/Nodes/11369/Lista-di-Importante-Orbite-ellittiche-Formule.PDF
https://www.formuladen.com/PDF/Nodes/11369/Lista-de-Importante-Orbitas-elipticas-F%c3%b3rmulas.PDF
https://www.formuladen.com/PDF/Nodes/11369/Lista-Wa%c5%bcny-Orbity-eliptyczne-Formu%c5%82y.PDF
https://www.formuladen.com/PDF/Nodes/11369/Lijst-van-Belangrijk-Elliptische-banen-Formules.PDF
https://www.formuladen.com/en/
https://www.formuladen.com/en/
https://www.formuladen.com/en/

