POLAR COORDINATES FOR A CENTRAL FORFCE
PHY 321 Quiz K August 4, 2009 4
A particle of mass m moves under the influence of a central P “
force; F = —VV where V(r) is the potential energy. Angular P
momentum is conserved because the force is central. The ! g
constants of the motion are L and energy E. CEWTER r
We use polar coordinates r{t) and 6(t) to describe the .
motion. Derive an equation for dr/d9 as a function of r.
[The solution of this first-order differential equation 1
determines the orbit.] 5’0 LUTioN KEZJ
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QuizL (8/11/09)

Eeplerian Orbits

To determine the orbits, we use the constants of the [ = #s2d

motion. There are two physical parameters: m = the = (2

mass of the planet; and K = the force parameter = E = {-w- - F TE -f-:-
GMm.

MNow derive a differential equation for the .{'.'. drfae s _'!f P =
distance r versus angle 6. Then it can be do '% L f/u.(E—f_; +—""'l:}
shown that the solution forr as a function of
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This is the equation for an ellipse, with one focal pointatr= 0.

Ellipse Geometry

{ rp = perihelion distance ( =r at 8=0)
ry = aphelion distance ( =r at 6 =)
a = semi-major axis = {r; + ry)/2

€ = eccentricity = (ry = rgh/(ry + rg}
rg=all-¢) and ry=a(l+e)

The equation for the ellipse is

— g2
r() = 1+ecos@

e o s

(A) Express L as a function of (a,:) {and the parameters m, K}
(B) Express E as a function of (a,g) {and the parameters m, K}.




