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:
F=-VU 27)
Ux) = —f dx'F(x") (28)
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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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U(x) = Ek(x — Xo)~ + constant  (33)
F(x)=-k(x—x,) (34)
w = k (35)
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If ¥=-w?xthen x = Asin(wt + ¢)  (36)
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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1/r? Gravity : U(x) = Lo @

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):

€2
Uep(r) =U(r) + 202 (50)
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:
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Fourier series:
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Fourier transforms:
fw) = f f@edi (66)
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Lightly damped harmonic motion (for ¢ and
A set by initial conditions):
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Forced damped harmonic motion: steady
state solution (initial conditions are irrelevant

after a sufficiently long time):
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Green’s function for damped oscillator, where
H(x) =0forx <0and H(x) =1 for x > O:

sin[w’(t — 7)]

Git—1)= p— e—)’(l—T)/ZH(t —7)(74)

~ 1 1
G =
V@ - 02)? + 5202

x(t) = f

Fictitious force: uniform acceleration a for
mass m:
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Coriolis force, for system rotating with angu-
lar velocity Q and for a velocity measured in the
rotating frame of V,;:
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Centrifugal force, for system rotating with an-

gular velocity Q:
Foem = =mQx (A X 7) (79)

Relation between velocities measured in ro-
tating and inertial frames:
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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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Moment of inertia: A few trig identities:

I; = f (x* + y*)dm (83)
cos(a+ b) =cosacosb—sinasinb (92)
Angular momentum of a particle (with angu- sin(a + b) = sinacosb +cosasinb  (93)

lar velocity w = d¢/dt):
L=Fxp=13

) Some more calculus:
Torque on a particle:
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Some useful moments of inertia (through cen- L_ld o, 95)
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Ring: = MR (85) Some integrals:
Solid sphere : [ = 2MR? (86)
Parallel Axis Theorem (moment of inertia for f dx =In(x+a)+C (96)
axis parallel to one through center of mass): X+a
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Kinetic energy of object with velocity of cen- f Inxdx =xlnx-x+C ©8)

ter of mass v, and rotating around c.o.m with ‘
angular velocity w: f sinxdx = —cosx +C (99)
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In the presence of constraints C(g,,t) = 0, those
may be handled as Lagrange multipliers, adding

AC(qq,t) to the Lagrangian and proceeding as ©
before. f f@®)o(a—1)dt = f(a) (106)

foo f@06t —a)dt = f(a)  (105)



Some Fourier transform pairs:
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