PHYSICS 603 - Winter/Spring Semester 2007- ODU

Classical M echanics - Problem Set 11

Problem 1)

A paticle of rest mass m whostotal energy E istwiceitsrest energy mc2 collides with an identical
paticle at rest (all measured in YOUR "Lab" coordinae system S). If they stick togeher, wha isthe
(rest) mass of theresulting composte paticle? What isits momentum, energy and velodty? (Calculate
BOTH "ordinary" 3-velodty and 4-velodty n\4).

Problem 2)

In this problem, you get to combine everything we¥e learned this semester: Lagrangian formalism for
continuousdegrees of freedom, electromagndic interaction in Lagrangian formulation, and relativity.

Consder a system which has a pre-determined, given charge dendty and current densit¥ distr[ibuﬁon,
expressed by the 4 components of the charge current-densty four-vector j*(x*) = (cp, j)(ct,x) every-

where in space and time. We consde the4 components of the 4-vector electromagneic patential

#org
AH(xH) = éef,A((ct)r() asthe 4 continuous indgpendent degrees of freedom, all dgpendent on space-
c

time. (NOTE: In thefollowing we assume the L orentz gauge i.e. ”HA“ =0).

In thefollowing, we also use the electromagndic field (2-)tensor
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istheusud 4-dimensiond gradient. In other words F*¥ can be consdered afundion of the space-time

derivatives of our continuousdegrees of freedom Following our formalism, we can now ddfinealLa
grangian density | (A" g, A") = - j A" - %F’“’FW. Write down the extended L agrangeequaionsof
motion usng theformalism on pages 563-565in Goldgein, in paticular Eq. (13.23) (replacing " » with
A" and n, , with ",A%). Evaluate and simplify these equationsas far as posible. What are thefina

differential equaionsfor each component of A* ? Wha isthdr physca significance?
Note: you will have to use metric tensors g, and ¢"¢ to express all necessary quantities (i.e. FH" and

F.,)intermsof A" and ",A" only (noother combinationsof up and down indices).



