GENERAL RELATIVITY HOMEWORK —- WEEK 4

Exercise 1. Consider a particle moving along the worldline x*(6) = (psinh, pcosh 6,0, 0)

at fized “radius” p. Find the 4-velocity u*, the 4-acceleration o and its magnitude o0t

Exercise 2. Consider a gas with n particles per unit volume. The particles are moving with
velocities of the same magnitude v = |v|, but in random directions (isotropically distributed).
Find the gas’ stress-energy tensor TH. Show that for a gas of photons, T* s traceless:

7 =0.

Exercise 3. Consider again the action of electromagnetism, now written in 4-tensor nota-

tion:
S = Z (—mdr + qA,dz") — %/FWF“” d*z |
particles V7 (1)
where dr = \/—dz,dx* and F,, =20,A, .
Derive the Lorentz force law mCZ‘—T“ = qF,,u” and the Mazwell equation 0,F* = j* /ey as the

Euler-Lagrange equations for x#(X) and A, (z"), respectively.



