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Lambert's theorem, also known as Lambert's problem or Lambert's law, is a key result in
celestial mechanics that deals with the calculation of orbital parameters for an object moving
between two specified points in space, given the time of flight. The theorem is named after
Johann Heinrich Lambert, a Swiss mathematician, who first formulated it in the 18th century.

Lambert's theorem states that for the two-body orbit determination problem, there is a particular
value of the semimajor axis associated with a single conic transfer arc that will uniquely satisfy
the initial conditions, which include the transfer time, the two ordered position vectors and the
gravitational constant.

Lambert's Theorem: Given two position vectors r1 and r2 in space, and the time of flight (t)
between these two points, Lambert's theorem provides a solution for the orbit that connects
these two positions under the influence of a central gravitational force.

The position vectors rl and r2 define the initial and final positions of the object in its orbit,
and t is the time it takes to travel from rl to r2. Lambert's theorem solves for the orbital
elements, such as the semi-major axis, eccentricity, inclination, and argument of periapsis, that
characterize the trajectory of the object.

Application in Celestial Mechanics: Lambert's theorem finds application in various areas of
celestial mechanics and space mission planning. Some key applications include:

1. Interplanetary Mission Planning: Lambert's theorem is used to calculate the
trajectory for interplanetary missions. Given the positions of Earth and a target planet,
along with the desired travel time, Lambert's theorem helps determine the necessary
orbital parameters for the spacecraft.



2. Orbit Transfers: When a spacecraft needs to transfer from one orbit to another,
Lambert's theorem is employed to compute the required delta-v (change in velocity)
and the optimal trajectory for the transfer. This is crucial for fuel-efficient manoeuvres.

3. Satellite Rendezvous and Docking: Lambert's theorem is used in the planning of
satellite rendezvous and docking manoeuvres. It helps calculate the necessary orbital
parameters for a satellite to approach and dock with another object in space.

4. Orbital Manoeuvre Planning: Spacecraft in Earth's orbit often need to perform orbital
maneuvers for various reasons, such as adjusting their altitude or inclination. Lambert's
theorem aids in planning these manoeuvres to achieve the desired changes in the orbit.

5. Hohmann Transfer Orbits: Lambert's theorem is applied in the planning of Hohmann
transfer orbits, which are fuel-efficient trajectories used for transferring between two
circular orbits.

In summary, Lambert's theorem plays a crucial role in celestial mechanics by providing a
mathematical tool for determining orbital parameters and planning space missions with optimal
trajectories. Its applications extend to a wide range of scenarios in space exploration and
satellite operations.



