Useful formulae

Momentum of 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):

X = rsinfcos¢ (15)
y = rsinfsing¢ (16)
zZ = rcosé (17)
7= xi+yj+zk (18)
6 = cosfcos qﬁ + cos 6 sin ¢j —sinfk (19)
¢ = —singi+ cos @) (20)
dr - .
d—: = 00+ sin 04 Q1)
df : .
— = —0r 0 22
- £ + cos 0 (22)
dé . N
d_(f = —¢(sinOf + cos 66) (23)
Vo= it +r00 +rdsinbé (24)
i = (F—rb®—ré¢*sin® O)F +
(rf + 276 — ré? sin 0 cos 6)0 +
(r¢sin@ + 27¢ sin 6 + 2ré¢ cos ) H25)
10 ,0f 1 a . oOf
Vif = (=) + —(sinf==) +
F = 2er ) et 50
1 62
) _é (26)
r2sin” @ 0¢
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: for reduced mass u and
angular momentum ¢,
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using a known potential U(r) we can define an
effective potential:
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Orbit in a potential U = —C/r:
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Taking 6, = —m/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 (the “major axis”,
all the way across i.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:
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A few trig identities:
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Some more calculus:
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Some integrals:
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