
PHYSICS 603  -  Winter/Spring Semester 2007 - ODU 

Classical Mechanics  - Problem Set 11 

Problem 1) 

A particle of rest mass  m  whose total energy  E  is twice its rest energy  mc2  collides with an identical 

particle at rest (all measured in YOUR "Lab" coordinate system S). If they stick together, what is the 

(rest) mass of the resulting composite particle? What is its momentum, energy and velocity? (Calculate 
BOTH "ordinary" 3-velocity and 4-velocity ηµ). 

 

Problem 2) 

In this problem, you get to combine everything weÕve learned this semester: Lagrangian formalism for 

continuous degrees of freedom, electromagnetic interaction in Lagrangian formulation, and relativity.  

 

Consider a system which has a pre-determined, given charge density and current density distribution, 
expressed by the 4 components of the charge current-density four-vector   
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x ) as the  4 continuous, independent degrees of freedom, all dependent on space-

time. (NOTE: In the following we assume the Lorentz gauge, i.e. 
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In the following, we also use the electromagnetic field (2-)tensor 
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is the usual 4-dimensional gradient. In other words, 
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Fµ"  can be considered a function of the space-time 

der ivatives of our continuous degrees of freedom. Following our formalism, we can now define a La-

grangian density 
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Fµ#Fµ# . Write down the extended Lagrange equations of 

motion using the formalism on pages 563-565 in Goldstein, in particular Eq. (13.23) (replacing 
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"#A$ ). Evaluate and simplify these equations as far as possible. What are the final 

differential equations for each component of 
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µ ? What is their physical significance? 

Note: you will have to use metric tensors 
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