Useful formulae

Momentum of a particle:
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Force on a particle:
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Center of mass:
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Change in momentum of center of mass in
presence of external forces F;:
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Cylindrical coordinates:
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Spherical coordinates (3D):
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Force from a potential:
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Gradient of a scalar field:
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Curl of a vector field:
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Stokes’ Theorem, which turns a line integral

around a closed path into an integral over the
enclosed area, with dA a vector pointing in the
direction orthogonal to the area (for example, a



path that lies in the x—y plane gets turned into an
area integral with d A pointing in the z direction,
which picks out the z component of the curl):
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Simple harmonic motion:
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Taylor expansion:
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Rocket-related useful equation (for exhaust
relative velocity u; careful with signs!):
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Center of mass frame scattering (relative ve-
locity V):
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Potential energy:
Constant force : U(x) = —Fx+C  (42)
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Spring : U(x) = Ekxz +C  (43)
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Some useful approximations (for small argu-
ments to first order):
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Central force motion effective potential for
reduced mass y and angular momentum ¢ and
potential U (r):
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Orbit in a potential U = —C/r:
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Taking 6, = —n/2, and using the following
definitions:
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For a bound orbit, this is an ellipse, with the
length of the longest axis A (all the way across
1.e., the thing that would be the diameter, not the
radius, for a circle) and the short axis B:
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The longest and shortest distances from the
central object:
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Kepler’s third law relating period T to length

of long axis A:
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Vis-viva equation for Keplerian orbits:
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Poisson’s equation:
V20 = 47Gp
A few trig identities:

cos(a + b) =cosacosb—sinasinb

sin(a + b) =sinacosb + cosasin b
Some more calculus:
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Some integrals:
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