2-Body Central Force Problems & Scattering

* Coordinates & Reduced Mass : 7, = R+ D2y , L= R-Tuy , F=r—-7, U= I,
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* Centrifugal force & PE:  F,=—r, U,=——, effectiveradial U*=U+U,;
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* Angular EOM: ¢=— *Radial EOMs: ui=F(r)+ F.(r), E=T+U= E,ur'2 +U,+U
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« Path Equation : u(0)=1/r(0) — u”+u= —%ii”) and ' =-H~

* Conics : With (7, ¢») centered on a focal point and E = Ellipse, H = Hyperbola
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Bounded orbits: T’ = ﬂcf , hy= in , e= Timax ™ Tin
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Unbounded orbits: scattering 0=mr—-20 with tanox=—, impact by=b ©
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« XSec : O = d_2: ¢ ’ do _ L db with g = scattering o~ nN. dN,, _ ro
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» Earth Specifications: R, = 6.4 x 106m, GM, = gR., g=10m/s2
e Earth Orbit: ro=a=1A.U.=15x 10" m, orbital velocity vy =3 x 10* m/s

e Atomic Data: 1 amu = mass of 1 nucleon (proton or neutron) = 1.66 x 10-27 kg = (5/3) x 10> g
Gas at STP has Navog = 6.02 x 102 molecules in 22 4 liters; 1 barn = 10-22 m2 = 10-2* cm?

Lagrangian Mechanics * Gen. coord ¢g; must be indep Principle of Least Action :
4., . oL df oL L=T-U — 65=0 @ true {q,(1)}
§= J. dtL(q;,g;;t) 65=0—> —=—| — | foreach g oL oL
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H =§,(dL/9dg,)— L conserved when dL /dt =0 ' o
H = p,g,— L equals T+U when 1, =7, (q,)



