Appendix A — Propagating the World Line

We introduced the idea of a propagator as a means of understanding the role of energy in relativistic
kinematics. In order to see how the propagator works to generate the world line of an object.

We begin by specifying theinitial space-time vector and the initial energy-momentum vector of the object.
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In Eqg. (2.5), we saw that the change in the space-time vector can be expressed in terms of the propagator as:
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¢ should be very small, but its exact size is arbitrary. Based on the first component of this vector equation, we can
expresse in terms of Aw,
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The next step isto find how the energy-momentum vector changes during each step. Thisis given by:
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So then we just step through our algorithm to get the world line of the particle: on the basis of theinitial
position and energy-momentum vector we step along the energy momentum vector a distance ¢ to get the next
point on the world line, then we use (2—-6) to cal cul ate the new energy-momentum vector at the new point, and so
forth.

Now let’s apply thisto an example. An electron with a kinetic energy of 4.00 MeV istraveling in the +x-
direction. En dectric field of 2.00 x 10 V/m pointsin the —y-direction. Find the trajectory of the electron. The
rest energy of an eectron is 0.511 MeV and the charge of an eectron is—1.602 x 10™° C.



If you are not familiar with the units, an eV isan eectron-volt. Thisisthe kinetic energy gained by an eectron (or
any particle with athe same charge as an e ectron) when it is accelerated through a potential of onevolt. The
conversion factor to Sl unitsis1 eV = 1.602 x

10 .

Theforce on achargein an eectric field
isjust F = gE4 where E, isthe electric field
strength. The direction of theforceisin the

direction of thefield for positively charged a_
particles and opposite the field for negatively
charged particles. 3.5+
34
Let’sfirst find a few important 2.5
quantities:

Total energy: E = K+ E, = 451 MeV
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B B =.1-— =099 Figure A-1 Theworld line of a highly relativistic electron in a constant
y electric field. The corresponding non-relativistic result is shown by open
circles.

E

Theinitial E: ,BE
E =

0

0
The changein E: BF B,eELE p,C

AE = i E= 0 . eE
IR 55T e |FT] E |5
F 0 0

Now we just continue the process step by step with the change in x being € E . This gives us the results shown in
Figure A-1. In therdativistic case, the massis larger; however, in the non-relativistic case, the speed of the
dectronsis considerably larger than the speed of light, causing the force to have a smaller effect on the trgjectory
of the particle.



