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covariance of the Lagrangian formulation and use the Lagrangian written
using coordinates in a moving frame, as given in Marsden and Ratiu [1999].
This method directly gives the equations in Lagrangian form and the asso-
ciated Hamiltonian form is given by the Legendre transformation. We shall
discuss this approach later in this section, but we begin with a derivation
starting with Newton’s equations, F = d

dt (mv), where m and v are the
mass and velocity of the particle and F is the sum of external forces on
the particle. If the particle’s mass is constant in time, this reduces to the
familiar F = ma, where a = v̇

Transformation between the Inertial and Rotating Frames. Let
X-Y -Z be an inertial frame with origin at the m1-m2 center of mass, as
in Figure 2.3.1, where the X-Y plane is the orbital plane of the primaries.
Consider the set of axes x and y depicted in Figure 2.3.1. The x-axis lies
along the line from m1 to m2 with the y-axis perpendicular to it, completing
a right-handed coordinate system. The x-y frame rotates
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Figure 2.3.1. Inertial and rotating frames. The rotating coordinate system with

coordinates x and y moves counterclockwise with unit angular velocity relative to the

inertial frame with coordinates X and Y . The z-axis (which coincides with the Z-axis)

is pointing out of the plane and is not shown here.

with respect to the X-Y inertial frame with an angular velocity equal to
the mean motion, n, of either mass (unity in the normalized units). We will
refer to this coordinate frame throughout the book as the rotating frame
or the m1-m2 rotating frame. Assume that the two frames coincide at
t = 0. Let (X, Y, Z) and (x, y, z) be the position of P in the inertial and
rotating frames, respectively. In normalized units, we have the following
transformation of the particle’s position between the two frames:
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