Project : Solitons and Vortices

Lecturer: Dr. Eugene A. Lim
2017 Year 3 Semester 2
Helper Set 2

1. Setting the speed of light ¢ = 1, show that the 1+1D Klein Gordon equation
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is invariant under the Lorentz transformation
a' =y(x—pt), t' =t - pa) (2)

where the lorentz factor v = (1 — 82)~'/2, and the velocity 8 < 1.

2. Since the KG equation is Lorentz invariant, show that the boosted solution ¢(z,t) is given by taking

the static solution you found in the last helper set
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and applying the lorentz transformation Eq. (2) to it. In other words, replace z and ¢ in Eq. (3) with

¢*(z) = vtanh [j:m(x - xo)} (3)

their lorentz transformed coordinates, and show that it satisfies the KG equation. Vary -1 < g <1 —
what is the direction of motion?

3. Using your code, check that the boosted solution you obtained in Q2 above is indeed a solution.

4. Set up a boosted kink ¢T at a location z,, and another boosted anti-kink ¢~ at location z_. Choose
the boosts such that the two kinks collide. Numerically solve this problem. What is the final solution
after the collision?



