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The process of placing a satellite into orbit involves more than simply providing it with a certain

velocity; it requires careful consideration of the energy dynamics involved in overcoming Earth's

gravitational pull and achieving a stable orbit. Specifically, when a satellite of mass 1000 kg is to be

placed at an altitude of 100 km above Earth's surface, understanding the amount of energy that must

be added is crucial for mission planning, fuel calculations, and overall system design. This article

delves into the physics principles underlying orbital mechanics, calculates the energy requirements,

and explores the implications of these calculations for satellite deployment.

Understanding Orbital Mechanics and Energy Requirements

Key Concepts in Orbital Mechanics

Before calculating the energy needed, it is essential to understand some fundamental concepts:

Gravitational Potential Energy (GPE): The energy stored due to the position of an object within a



gravitational field.

Kinetic Energy (KE): The energy associated with the motion of the satellite.

Orbital Velocity: The velocity needed for a satellite to maintain a stable circular orbit at a given

altitude.

Escape Velocity: The minimum velocity required for an object to escape Earth's gravitational

influence without further propulsion.

Understanding these concepts allows us to analyze the initial energy state of the satellite and the

energy it must gain to reach and sustain its orbit.

The Energy to Reach Orbit

The total energy required to place a satellite into orbit involves two main components:

Overcoming Earth's gravitational potential: Raising the satellite's potential energy from Earth's1.

surface to the desired altitude.

Providing the necessary kinetic energy: Accelerating the satellite to the orbital velocity at that2.

altitude.

The sum of these components gives the total energy input needed, which is supplied by rocket

propulsion.



Calculating the Energy Needed for a 100 km Orbit

Parameters and Assumptions

To perform the calculations, we need the following data:

Mass of satellite, \( m = 1000\, \text{kg} \)

Earth's mass, \( M_e = 5.972 \times 10^{24}\, \text{kg} \)

Earth's radius, \( R_e = 6371\, \text{km} = 6.371 \times 10^{6}\, \text{m} \)

Altitude of orbit, \( h = 100\, \text{km} = 1 \times 10^{5}\, \text{m} \)

Gravitational constant, \( G = 6.674 \times 10^{-11}\, \text{Nm}^2/\text{kg}^2 \)

The orbital radius \( R \) is thus:

\[

R = R_e + h = 6.371 \times 10^{6} + 1 \times 10^{5} = 6.471 \times 10^{6}\, \text{m}

\]

Calculating Orbital Velocity

The orbital velocity \( v_{orb} \) for a circular orbit at radius \( R \) is given by:



\[

v_{orb} = \sqrt{\frac{G M_e}{R}}

\]

Plugging in the numbers:

\[

v_{orb} = \sqrt{\frac{(6.674 \times 10^{-11})(5.972 \times 10^{24})}{6.471 \times 10^{6}}}

\]

Calculating numerator:

\[

G M_e = 6.674 \times 10^{-11} \times 5.972 \times 10^{24} \approx 3.986 \times 10^{14}

\]

Thus,

\[

v_{orb} = \sqrt{\frac{3.986 \times 10^{14}}{6.471 \times 10^{6}}} = \sqrt{6.155 \times 10^{7}} \approx

7.845 \times 10^{3}\, \text{m/s}

\]

So,

\[

v_{orb} \approx 7,845\, \text{m/s}

\]



Calculating Change in Gravitational Potential Energy

The change in gravitational potential energy (GPE) as the satellite moves from Earth's surface to the

orbit is:

\[

\Delta U = U_{final} - U_{initial}

\]

where

\[

U = - \frac{G M_e m}{r}

\]

At Earth's surface:

\[

U_{initial} = - \frac{G M_e m}{R_e}

\]

At orbit:

\[

U_{final} = - \frac{G M_e m}{R}

\]

Therefore:

\[

\Delta U = - \frac{G M_e m}{R} + \frac{G M_e m}{R_e} = G M_e m \left( \frac{1}{R_e} - \frac{1}{R}



\right)

\]

Plug in the values:

\[

\Delta U = 3.986 \times 10^{14} \times 1000 \times \left( \frac{1}{6.371 \times 10^{6}} - \frac{1}{6.471

\times 10^{6}} \right)

\]

Calculate the difference in reciprocals:

\[

\frac{1}{6.371 \times 10^{6}} \approx 1.569 \times 10^{-7}

\]

\[

\frac{1}{6.471 \times 10^{6}} \approx 1.544 \times 10^{-7}

\]

Difference:

\[

1.569 \times 10^{-7} - 1.544 \times 10^{-7} = 2.5 \times 10^{-9}

\]

Thus:

\[

\Delta U = 3.986 \times 10^{14} \times 1000 \times 2.5 \times 10^{-9} \approx 996,500\, \text{J}

\]



Approximately 997 kJ of energy is needed to raise the satellite's potential energy from Earth's surface

to the orbital altitude.

Calculating Kinetic Energy at Orbit

The kinetic energy (KE) of the satellite in orbit is:

\[

KE = \frac{1}{2} m v_{orb}^2

\]

Plugging in:

\[

KE = 0.5 \times 1000 \times (7,845)^2

\]

\[

KE = 500 \times 61,526,025 \approx 3.076 \times 10^{10}\, \text{J}

\]

This is approximately 30.76 GJ (gigajoules) of kinetic energy needed.

Total Energy Required

The total mechanical energy needed to place the satellite into orbit is the sum of the change in

gravitational potential energy and the kinetic energy:

\[



E_{total} = \Delta U + KE \approx 997,000 + 30,760,000,000 \approx 30.76 \times 10^{9}\, \text{J}

\]

or roughly 30.76 GJ.

Note: This is the ideal minimum energy, assuming 100% efficiency and no losses.

Considering Real-World Factors and Efficiency

Efficiency and Losses

In actual rocket launches, various inefficiencies and energy losses occur:

Fuel combustion inefficiencies

Air resistance and drag during ascent

Gravity losses during acceleration

Structural and system losses

Typically, the total energy input from the rocket engine is several times the ideal calculated energy,

often ranging from 2 to 3 times, depending on the vehicle and trajectory.



Estimating Actual Energy Input

Assuming an efficiency factor \( \eta \) (e.g., 30-50%), the actual energy required from the rocket's fuel

would be:

\[

E_{input} \approx \frac{E_{total}}{\eta}

\]

For \( \eta = 0.4 \):

\[

E_{input} \approx \frac{30.76 \times 10^{9}}{0.4} \approx 76.9\, \text{GJ}

\]

This highlights the significant energy and fuel required for such a mission.

Implications for Satellite Launch Design

Fuel Calculations

- The mass of fuel needed depends on the rocket's specific impulse and the efficiency of the

propulsion system.

- Rocket equation considerations, such as Tsiolkovsky's rocket equation, are vital for calculating the

required propellant mass.



Launch

Frequently Asked Questions

What is the initial gravitational potential energy of the satellite at

100 km altitude?

The initial potential energy can be calculated using U = -GMm / r,

where r is Earth’s radius plus 100 km. Using Earth's radius (~6371

km) and mass, it results in approximately -5.7 x 10^9 Joules.

What is the kinetic energy of the satellite in a stable circular orbit at

100 km altitude?

The kinetic energy (KE) is given by (1/2)mv^2, where v is the orbital

velocity. At 100 km altitude, v ≈ 7.8 km/s, so KE ≈ 3.0 x 10^9

Joules.



How do we calculate the total energy of the satellite in orbit?

Total energy is the sum of kinetic and potential energy: E_total = KE +

U. For a circular orbit, this is approximately -1/2 of the potential

energy, roughly -2.85 x 10^9 Joules.

What amount of energy must be added to move the satellite from rest

at Earth's surface to a stable 100 km orbit?

The energy needed is the difference between the satellite's total

energy in orbit and its initial energy at Earth's surface, approximately

2.5 x 10^10 Joules.

Does the satellite require continuous energy input to stay in orbit at

100 km altitude?

No, once in a stable orbit, the satellite remains in motion due to

inertia; no additional energy is required to maintain its orbit unless

counteracting atmospheric drag.



How does atmospheric drag at 100 km affect the energy requirements

for maintaining orbit?

At 100 km, significant atmospheric drag causes orbital decay,

requiring periodic energy boosts (via thrusters) to maintain altitude,

increasing overall energy needs.

What are the implications of altitude choice (100 km) for the

satellite's energy expenditure and lifespan?

Orbiting at 100 km is within the thermosphere where atmospheric

drag is high, leading to rapid orbital decay and higher energy demands

to sustain orbit, limiting satellite lifespan.

How would increasing the satellite's mass to 2000 kg affect the

energy required for orbit insertion?

Doubling the mass doubles the kinetic and potential energy, meaning

the energy required to reach orbit would also double, approximately 5

x 10^10 Joules.



What are the practical considerations for launching a 1000 kg

satellite into a 100 km orbit based on energy calculations?

Practical considerations include accounting for atmospheric drag,

propulsion system efficiency, fuel requirements, and the energy costs

associated with overcoming Earth's gravity and atmospheric

resistance.

Additional Resources

A 1000kg Satellite Orbits The Earth At A Constant Altitude Of 100

Km. How Much Energy Must Be Added To

Understanding the energy requirements for placing a satellite into orbit

is fundamental in aerospace engineering and astrophysics. When

considering a satellite with a mass of 1000 kg orbiting at an altitude

of 100 km, it becomes essential to analyze the various forms of

energy involved, the physical principles guiding orbital mechanics, and



the practical aspects of launching and maintaining such an orbit. This

detailed review delves into the core concepts surrounding the energy

calculations necessary for such an orbit, emphasizing gravitational

potential energy, kinetic energy, and the overall energy budget.

---

Physical Context and Basic Assumptions

Before delving into calculations, it’s important to clarify the physical

scenario and assumptions:

- Satellite Mass (m): 1000 kg

- Orbital Altitude (h): 100 km (above Earth's surface)

- Earth’s Radius (Rₑ): approximately 6371 km

- Earth’s Mass (M): approximately 5.972 × 10²⁴ kg

- Gravitational Constant (G): 6.67430 × 10⁻¹¹ m³ kg⁻¹ s⁻²

- Gravity at Surface (g): roughly 9.81 m/s² (though it varies with

altitude)



Note: The altitude of 100 km is within the Kármán line, commonly

considered the boundary of space. At this altitude, atmospheric drag is

significant, but for the energy calculation, we focus purely on

gravitational and kinetic energy considerations, assuming a vacuum

environment.

---

Orbital Mechanics Fundamentals

Understanding the energy requirements involves grasping the

fundamental principles of orbital mechanics, especially:

- Gravitational Potential Energy (GPE): Energy due to position within a

gravitational field.

- Kinetic Energy (KE): Energy due to the satellite’s motion.

- Total Mechanical Energy (TME): Sum of GPE and KE in orbit.

The goal is to determine the energy that must be added to the



satellite to reach and sustain the desired orbit, which involves

overcoming Earth's gravity and providing the necessary orbital velocity.

---

Calculating the Orbital Radius and Velocity

2.1 Orbital Radius

The total distance from Earth's center to the satellite:

\[ r = R_\text{Earth} + h \]

\[ r = 6371\, \text{km} + 100\, \text{km} = 6471\, \text{km} \]

\[ r = 6.471 \times 10^{6}\, \text{m} \]

2.2 Orbital Velocity

The orbital velocity for a circular orbit is derived from balancing

gravitational pull and centripetal force:



\[ v = \sqrt{\frac{GM}{r}} \]

Calculating:

\[

v = \sqrt{\frac{6.67430 \times 10^{-11} \times 5.972 \times

10^{24}}{6.471 \times 10^{6}}}

\]

\[

v \approx \sqrt{\frac{3.986 \times 10^{14}}{6.471 \times 10^{6}}}

\]

\[

v \approx \sqrt{6.155 \times 10^{7}}

\]

\[

v \approx 7840\, \text{m/s}

\]



This is the velocity required for a stable orbit at 100 km altitude.

---

Energy Analysis: Gravitational Potential and Kinetic Energy

The total mechanical energy (TME) of an object in orbit is:

\[

E_{\text{total}} = KE + GPE

\]

3.1 Gravitational Potential Energy (GPE)

The GPE relative to infinity:

\[

U = -\frac{GMm}{r}

\]



The negative sign indicates a bound state; energy must be added to

overcome this potential.

3.2 Kinetic Energy (KE)

\[

KE = \frac{1}{2} m v^{2}

\]

Calculating KE:

\[

KE = 0.5 \times 1000\, \text{kg} \times (7840\, \text{m/s})^{2}

\]

\[

KE = 500 \times 6.150 \times 10^{7}

\]

\[



KE \approx 3.075 \times 10^{10}\, \text{J}

\]

3.3 Total Mechanical Energy (TME)

The sum:

\[

E_{\text{total}} = KE + U

\]

Calculate U:

\[

U = - \frac{6.67430 \times 10^{-11} \times 5.972 \times

10^{24} \times 1000}{6.471 \times 10^{6}}

\]

\[

U = - \frac{3.986 \times 10^{14} \times 1000}{6.471 \times



10^{6}}

\]

\[

U \approx - 6.154 \times 10^{10}\, \text{J}

\]

Thus,

\[

E_{\text{total}} = 3.075 \times 10^{10} - 6.154 \times 10^{10} =

-3.079 \times 10^{10}\, \text{J}

\]

The negative total energy confirms the bound orbit. To place the

satellite into this orbit from rest at Earth's surface, energy must be

supplied to reach this state.

---



Energy Required to Reach the Orbit

4.1 Energy from Earth's Surface to Orbit

The work done (or energy added) involves:

- Climbing from Earth's surface to orbit (potential energy change).

- Accelerating from zero to orbital velocity (kinetic energy).

Total energy input (E):

\[

E = KE + \left( U_{\text{orbit}} - U_{\text{surface}} \right)

\]

Where:

- \( U_{\text{surface}} = - \frac{GMm}{R_\text{Earth}} \)

- \( U_{\text{orbit}} = - \frac{GMm}{r} \)



Calculations:

\[

U_{\text{surface}} = - \frac{6.67430 \times 10^{-11} \times 5.972

\times 10^{24} \times 1000}{6.371 \times 10^{6}} \approx

-6.263 \times 10^{10}\, \text{J}

\]

\[

U_{\text{orbit}} \approx -6.154 \times 10^{10}\, \text{J}

\]

Difference:

\[

\Delta U = U_{\text{orbit}} - U_{\text{surface}} \approx 1.09 \times

10^{9}\, \text{J}

\]

Adding the kinetic energy:



\[

E_{\text{total}} = KE + \Delta U \approx 3.075 \times 10^{10} +

1.09 \times 10^{9} \approx 3.184 \times 10^{10}\, \text{J}

\]

4.2 Interpretation

- The total energy required to reach the orbit from Earth's surface is

approximately 3.18 × 10¹⁰ Joules.

- This figure includes overcoming gravitational potential energy and

imparting the necessary orbital velocity.

---

Practical Implications and Considerations

While the calculations above provide a theoretical minimum, real-world

scenarios involve additional factors:



5.1 Energy Losses

- Atmospheric Drag: At 100 km, the atmosphere causes significant

drag, meaning more energy must be expended to compensate for drag

losses.

- Rocket Efficiency: The propulsion system's efficiency (specific

impulse) affects how much propellant and energy are needed.

- Gravity Losses: The process of accelerating the satellite consumes

additional energy due to gravity, especially during the initial phase of

launch.

5.2 Launch Vehicle Energy Budget

- The actual energy input from the launch vehicle exceeds the

theoretical minimum because of inefficiencies.

- Typical mission profiles include staged rockets, with each stage

providing incremental velocity and altitude gains.

- The total propellant mass and energy depend on the rocket's

specific impulse, which varies based on engine type (liquid, solid,

hybrid).



5.3 Satellite Deployment and Maintenance

- Once in orbit, minimal energy is required to maintain the orbit if

there are no perturbations.

- Small adjustments, such as station-keeping maneuvers, consume

additional energy but are negligible compared to the initial launch

energy.

---

Summary of Key Findings

- Orbital velocity at 100 km altitude: approximately 7,840 m/s.

- Kinetic energy needed: roughly 3.07 × 10¹⁰ Joules.

- Change in gravitational potential energy from Earth's surface: about

1.09 × 10⁹ Joules.

- Total theoretical energy required to place a 1000 kg satellite into

100 km orbit: approximately 3.18 × 10¹⁰ Joules.



This comprehensive analysis underscores the substantial energy

involved in reaching low Earth orbit, especially at altitudes as low as

100 km. It also highlights the importance of
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