
Our Kepler formula-set is now updated to include: (1) the possibility of repulsive 1/r2 forces with negative 
force-constants γ  (2) relations needed for scattering problems, namely formulae for the scattering angle θ and 
impact parameter b for unbounded Kepler orbits as well as general cross-section formulae. 
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• Centrifugal force & PE :    
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!φ =

L
µr2

	   • Radial EOMs :  µ!!r = F(r) + Fcf (r) ,       
E = T +U(r) = 1

2
µ !r2 +Ucf (r) +U (r)

• Path Equation :  u(φ) ≡ 1/ r(φ)   →    ′′u + u = − µF(1 /u)
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• Conics : With (r,φ) centered on a focal point and E ≣ Ellipse, H ≣ Hyperbola 
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	 Unbounded orbits:   scatteringangle  θ = π − 2α  with tanα =
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Practice Problem 1: The Rutherford Cross Section	

We have all the tools we need to derive the most famous and most commonly-used cross section in the world: 
the Rutherford XSec dσ / dΩ  for the non-relativistic scattering of two charged particles.  Ernest Rutherford 
used this calculation to analyze the 1911 scattering experiment of Geiger and Marsden and deduce that the 
positive charge in the atom is not smeared uniformly within the atom but concentrated in a tiny volume.  This 
was the discovery of the atomic nucleus.  On to our derivation!  We give the beam particle a charge q and the 
target particle a charge Q; the force between them is then F = kqQ / r2 .   We also assume that the target 
particle’s mass is so much greater than the beam particle’s mass ( M ≫ m ) that the target can be treated as fixed.  
You have all the tools you need to show that this famous cross-section is 
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If you need them, steps are in the footnote on the next page.  Also you will find these trig relations helpful:
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