
Math/Physics Problem Set 7

Due 11:59:59 PM Monday 18 July, Weir 128

1. Invariance of the interval under Lorentz transformations.
Consider the Lorentz transformation

t′ = γ(t− vx)

x′ = γ(x− vt)
y′ = y

z′ = z

where γ = 1/
√

1− v2 and we have set c = 1. Show that the interval is
preserved. That is, show that

−t′2 + x′2 + y′2 + z′2 = −t2 + x2 + y2 + z2

2. Free particle motion through flat spacetime. The total proper time along
a path through spacetime is

τ =
∫
dτ =

∫ √
dt2 − dx2 =

∫
dt

√√√√1−
(
dx

dt

)2

Show that if we extremize the integral, the connection between x and t is
linear.



3. Star-crossed lovers. Figure 1 shows the sad story of Ellie and Palmer.
Just after Ellie and Palmer are married, Ellie decides to go to Vega. Ellie
passes Palmer (who remains at rest on Earth) on her way to Vega, 24 ly
away. As she passes Palmer, she and Palmer synchronize their clocks to 0 yr.
She travels at 24

25
c so as to reach Vega in 25 yr according to Palmer’s clock.

Just as Ellie reaches Vega her evil twin, Jodie, who has been traveling in
the opposite direction at the same speed passes her going towards Earth.
As they pass, Jodie synchronizes her clock to the time on Ellie’s clock. By
the time Jodie arrives on Earth, Palmer is dead (fifty years have passed on
Earth) and she claims his estate.
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Figure 1: Long distance relationships can be difficult.

How many years are shown on Jodie’s clock when she arrives on Earth?

4. Falling through a wormhole. The metric describing the wormhole of the
book/movie Contact by Carl Sagan is

dτ 2 = dt2 − dr2 − (b2 + r2)(dθ2 + sin2 θdφ2)

Suppose Jodie Foster falls radially into the wormhole (dθ/dt = dφ/dt = 0).
Use the condition

δ
∫
dτ = 0

to write Jodie’s equation of motion for the r coordinate. It is surprisingly
simple.


