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(1) Lorentz-transformed angle (2 Punkte)
A sailboat is manufactured so that the mast leans at an angle θ′ with respect to the
deck. An observer standing on a dock sees the boat go by at speed v. What angle does
this observer say the mast makes?

(2) Simultaneity (3 Punkte)
Event A happens at (xA = 5, yA = 3, zA = 0) and at time ctA = 15; event B occurs at
(10,8,0) and ctB = 5, both in system K.

(a) What is the invariant interval between A and B?

(b) Is there an inertial system K ′ in which they occur simultaneously? If so, find its
velocity (magnitude and direction) relative to K.

(c) Is there an inertial system K ′′ in which they occur at the same point? If so, find
its velocity relative to K.

Repeat (a) – (c) for A = (2, 0, 0), ctA = 1; and B = (5, 0, 0), ctB = 3.

(3) General velocity addition rule (5 Punkte)
In the lecture we discussed the velocity addition rule by combining two Lorentz trans-
formations. Here, we want to rederive it by using the 4-velocity v α = γ(c,u) which is
a 4-vector. Here, u is the 3-velocity and γ = (1− u2/c2)−1/2.
A particle moves with 3-velocity u2 in K ′ and K ′ moves with velocity u1 along the
x-axis of K. Determine the components of the 3-velocity u of the particle in K and
show that u can be written as

u =
u1 + u2‖ + u2⊥

√
1− u21/c2

1 + u1u2/c2

Here, u2 = u2‖ + u2⊥ where u2‖ is parallel to u1 and u2⊥ perpendicular to u1. Discuss
the cases u1 ‖ u2 and u1 ⊥ u2.
Hint: Find the 4-velocity v′ α of the particle in K ′. Lorentz-backtransform to K to find
the 4-velocity vα in K. Use the definition of the 4-velocity to calculate u.



(4) Twin paradox revisited (Griffiths problem 12.16) (5 Zusatzpunkte)


