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Orbital Mechanics for High‑Energy Missions

Aerodynamics, in the context of orbital mechanics, refers to the study of the interaction between an object
and the atmosphere it moves through, taking into account the drag forces that can significantly affect the
trajectory of a spacecraft, especially during launch and re-entry phases. Related terms include aerostatics,
which is the study of the interaction between an object and the atmosphere when the object is at rest.
Aerodynamics is crucial for high-energy missions as it helps engineers design and optimize spacecraft to
withstand the stresses of launch and re-entry, ensuring the success of the mission.

Apogee refers to the highest point in an elliptical orbit around a celestial body, where the spacecraft is
farthest from the body it is orbiting. Understanding apogee is vital for mission planning, as it determines
the orbital period and the amount of energy required for the spacecraft to reach and maintain its orbit.
Related terms include perigee, which is the lowest point in an elliptical orbit, and semi-major axis, which is
the average distance of the spacecraft from the celestial body.

Astrodynamics is the study of the motion of natural and artificial objects in space, taking into account the
gravitational forces that act upon them. This field is essential for high-energy missions, as it enables
engineers to predict and control the trajectory of spacecraft, ensuring they reach their intended destinations
and accomplish their objectives. Related terms include orbital mechanics, which is the study of the motion
of objects in orbit around a celestial body, and spacecraft dynamics, which is the study of the motion of
spacecraft in response to various forces and disturbances.

Celestial mechanics is the study of the motion of celestial objects, such as planets, moons, and asteroids,
under the influence of gravity. This field is crucial for high-energy missions, as it provides a fundamental
understanding of the orbital dynamics of celestial bodies and enables engineers to design and navigate
spacecraft trajectories. Related terms include astrophysics, which is the study of the physical properties and
behavior of celestial objects, and planetary science, which is the study of the formation, evolution, and
characteristics of planets and their moons.

Delta-v refers to the change in velocity required for a spacecraft to perform a specific maneuver, such as
launching into orbit or traveling to another planet. Understanding delta-v is essential for mission planning,
as it determines the amount of propellant required and the energy needed to accomplish the mission
objectives. Related terms include specific impulse, which is a measure of the efficiency of a propulsion
system, and thrust-to-weight ratio, which is a measure of the acceleration of a spacecraft.

Eccentricity refers to the shape of an orbit, with higher eccentricity indicating a more elliptical shape.
Eccentricity is critical for high-energy missions, as it affects the orbital period, the amount of energy
required to reach and maintain orbit, and the communication windows with Earth. Related terms include
semi-major axis, which is the average distance of the spacecraft from the celestial body, and inclination,
which is the angle between the orbital plane and a reference plane.
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Escape velocity refers to the minimum velocity required for an object to escape the gravitational pull of a
celestial body. Understanding escape velocity is vital for high-energy missions, as it determines the energy
required for a spacecraft to leave the gravitational influence of a planet or moon and travel to another
destination. Related terms include orbital velocity, which is the velocity required for an object to maintain a
stable orbit, and hyperbolic trajectory, which is a trajectory that takes an object away from a celestial body.

Flight dynamics refers to the study of the motion of spacecraft in response to various forces and
disturbances, such as gravity, thrust, and drag. This field is essential for high-energy missions, as it enables
engineers to predict and control the trajectory of spacecraft, ensuring they reach their intended destinations
and accomplish their objectives. Related terms include aerodynamics, which is the study of the interaction
between an object and the atmosphere, and propulsion systems, which are the systems used to generate
thrust and propel a spacecraft.

Gravitational forces refer to the attractive forces between massive objects, such as planets, moons, and
stars. Understanding gravitational forces is crucial for high-energy missions, as they determine the trajectory
of spacecraft and the energy required to reach and maintain orbit. Related terms include gravity assists,
which are maneuvers that use the gravitational pull of a celestial body to change the trajectory of a
spacecraft, and orbital perturbations, which are changes in the orbit of a spacecraft due to gravitational
forces.

Hyperbolic trajectory refers to a trajectory that takes an object away from a celestial body, with the object
never returning to the body. Hyperbolic trajectories are critical for high-energy missions, as they enable
spacecraft to travel to other planets and celestial bodies. Related terms include escape velocity, which is the
minimum velocity required for an object to escape the gravitational pull of a celestial body, and
interplanetary trajectories, which are trajectories that take a spacecraft from one planet to another.

Inclination refers to the angle between the orbital plane and a reference plane, such as the equatorial plane
of a planet. Inclination is vital for high-energy missions, as it affects the communication windows with Earth,
the amount of energy required to reach and maintain orbit, and the orbital period. Related terms include
eccentricity, which is the shape of an orbit, and semi-major axis, which is the average distance of the
spacecraft from the celestial body.

Interplanetary trajectories refer to the trajectories that take a spacecraft from one planet to another.
Understanding interplanetary trajectories is essential for high-energy missions, as they determine the
energy required to travel between planets and the communication windows with Earth. Related terms
include hyperbolic trajectory, which is a trajectory that takes an object away from a celestial body, and
gravity assists, which are maneuvers that use the gravitational pull of a celestial body to change the
trajectory of a spacecraft.

Kepler's laws refer to the three laws of planetary motion, which describe the shape and size of orbits, the
orbital periods of planets, and the relationship between the distance of a planet from the Sun and its orbital
period. Kepler's laws are fundamental to high-energy missions, as they provide a basis for understanding
the orbital dynamics of celestial bodies and designing spacecraft trajectories. Related terms include orbital
mechanics, which is the study of the motion of objects in orbit around a celestial body, and celestial
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mechanics, which is the study of the motion of celestial objects under the influence of gravity.

Launch window refers to the time period during which a spacecraft can be launched to reach its intended
destination, taking into account the position of the celestial bodies and the energy required to reach the
destination. Understanding launch windows is critical for high-energy missions, as it determines the success
of the mission and the energy required to reach the destination. Related terms include interplanetary
trajectories, which are trajectories that take a spacecraft from one planet to another, and delta-v, which is
the change in velocity required for a spacecraft to perform a specific maneuver.

Mission planning refers to the process of designing and optimizing a spacecraft mission, taking into
account the mission objectives, the energy required to reach the destination, and the communication
windows with Earth. Mission planning is essential for high-energy missions, as it ensures the success of the
mission and the accomplishment of the mission objectives. Related terms include trajectory design, which is
the process of designing the trajectory of a spacecraft, and propulsion systems, which are the systems used
to generate thrust and propel a spacecraft.

Orbit determination refers to the process of determining the position and velocity of a spacecraft in orbit
around a celestial body. Orbit determination is vital for high-energy missions, as it enables engineers to
predict and control the trajectory of spacecraft, ensuring they reach their intended destinations and
accomplish their objectives. Related terms include astrodynamics, which is the study of the motion of
natural and artificial objects in space, and flight dynamics, which is the study of the motion of spacecraft in
response to various forces and disturbances.

Orbital debris refers to the man-made objects in orbit around a celestial body, such as old satellites, rocket
parts, and other spacecraft components. Orbital debris is a critical concern for high-energy missions, as it
can pose a collision hazard to operational spacecraft and affect the success of the mission. Related terms
include space sustainability, which is the ability to maintain a safe and sustainable space environment, and
debris removal, which is the process of removing orbital debris from orbit.

Orbital maneuvers refer to the actions taken by a spacecraft to change its orbit or trajectory, such as orbit
raising, orbit lowering, or trajectory correction. Orbital maneuvers are essential for high-energy missions, as
they enable spacecraft to reach their intended destinations and accomplish their mission objectives. Related
terms include propulsion systems, which are the systems used to generate thrust and propel a spacecraft,
and delta-v, which is the change in velocity required for a spacecraft to perform a specific maneuver.

Orbital mechanics refers to the study of the motion of objects in orbit around a celestial body, taking into
account the gravitational forces that act upon them. Orbital mechanics is fundamental to high-energy
missions, as it enables engineers to design and navigate spacecraft trajectories, ensuring they reach their
intended destinations and accomplish their objectives. Related terms include astrodynamics, which is the
study of the motion of natural and artificial objects in space, and celestial mechanics, which is the study of
the motion of celestial objects under the influence of gravity.

Perigee refers to the lowest point in an elliptical orbit around a celestial body, where the spacecraft is
closest to the body it is orbiting. Understanding perigee is vital for mission planning, as it determines the
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orbital period and the amount of energy required for the spacecraft to reach and maintain its orbit. Related
terms include apogee, which is the highest point in an elliptical orbit, and semi-major axis, which is the
average distance of the spacecraft from the celestial body.

Planetary protection refers to the measures taken to prevent the contamination of celestial bodies and the
Earth's biosphere, ensuring the preservation of the natural environment and the success of future missions.
Planetary protection is critical for high-energy missions, as it affects the success of the mission and the
preservation of the space environment. Related terms include space sustainability, which is the ability to
maintain a safe and sustainable space environment, and decontamination, which is the process of removing
contaminants from a spacecraft or celestial body.

Propulsion systems refer to the systems used to generate thrust and propel a spacecraft, such as chemical
propulsion, electric propulsion, or nuclear propulsion. Propulsion systems are essential for high-energy
missions, as they determine the energy required to reach and maintain orbit, and the communication
windows with Earth. Related terms include delta-v, which is the change in velocity required for a spacecraft
to perform a specific maneuver, and specific impulse, which is a measure of the efficiency of a propulsion
system.

Radiation protection refers to the measures taken to protect both the spacecraft and its occupants from the
harmful effects of radiation, such as cosmic rays and solar flares. Radiation protection is vital for high-
energy missions, as it affects the success of the mission and the health and safety of the astronauts. Related
terms include space weather, which is the condition of the space environment, and shielding, which is the
process of protecting a spacecraft or its occupants from radiation.

Re-entry refers to the process of a spacecraft entering the atmosphere of a celestial body, such as Earth, and
returning to the surface. Re-entry is a critical phase of a mission, as it requires the spacecraft to withstand
the stresses of atmospheric entry and landing. Related terms include aerodynamics, which is the study of
the interaction between an object and the atmosphere, and heat shield, which is a protective layer that
shields the spacecraft from the heat generated during re-entry.

Rocket equation refers to the equation that describes the relationship between the mass of a rocket, the
exhaust velocity of the propellant, and the delta-v required to perform a specific maneuver. The rocket
equation is fundamental to high-energy missions, as it enables engineers to design and optimize propulsion
systems, ensuring the success of the mission. Related terms include propulsion systems, which are the
systems used to generate thrust and propel a spacecraft, and specific impulse, which is a measure of the
efficiency of a propulsion system.

Space environment refers to the condition of the space surrounding a celestial body, including the
atmosphere, radiation, and debris. Understanding the space environment is essential for high-energy
missions, as it affects the success of the mission and the health and safety of the astronauts. Related terms
include space weather, which is the condition of the space environment, and planetary protection, which is
the process of preventing the contamination of celestial bodies and the Earth's biosphere.

Spacecraft dynamics refers to the study of the motion of spacecraft in response to various forces and
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disturbances, such as gravity, thrust, and drag. Spacecraft dynamics is vital for high-energy missions, as it
enables engineers to predict and control the trajectory of spacecraft, ensuring they reach their intended
destinations and accomplish their objectives. Related terms include astrodynamics, which is the study of the
motion of natural and artificial objects in space, and flight dynamics, which is the study of the motion of
spacecraft in response to various forces and disturbances.

Specific impulse refers to the measure of the efficiency of a propulsion system, which is the ratio of the
thrust produced by the system to the rate of propellant consumption. Specific impulse is critical for high-
energy missions, as it determines the energy required to reach and maintain orbit, and the communication
windows with Earth. Related terms include delta-v, which is the change in velocity required for a spacecraft
to perform a specific maneuver, and propulsion systems, which are the systems used to generate thrust and
propel a spacecraft.

Trajectory design refers to the process of designing the trajectory of a spacecraft, taking into account the
mission objectives, the energy required to reach the destination, and the communication windows with
Earth. Trajectory design is essential for high-energy missions, as it ensures the success of the mission and
the accomplishment of the mission objectives. Related terms include mission planning, which is the process
of designing and optimizing a spacecraft mission, and orbital mechanics, which is the study of the motion of
objects in orbit around a celestial body.

Velocity refers to the rate of change of the position of an object, which is a critical parameter in the design
and navigation of spacecraft trajectories. Understanding velocity is vital for high-energy missions, as it
determines the energy required to reach and maintain orbit, and the communication windows with Earth.
Related terms include delta-v, which is the change in velocity required for a spacecraft to perform a specific
maneuver, and acceleration, which is the rate of change of velocity.
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