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Modern Physics 330: HW # 2

#1)The Lorentz Transformation
Show that the most general linear transformation taking coordinate sys-

tem S to coordinate system S′, where S′ moves along the common +x direc-
tion with speed v in frame S, that leaves the interval invariant is the Lorentz
transformation. The invariant interval is

(c∆t)2 − (x)2 = (c∆t′)
2 − (x′)

2

#2) Time Dilation and Length Contraction
By judiciously picking specific space-time points in a certain reference

frame, show that moving clocks run slow, and that moving meter sticks are
contracted. (Hints: Proper time is the time measured in the rest frame of the
clock, Proper length is the length measured in the rest frame of the meter
stick. A length in any frame is the distance between two positions measured
at the same time.) Illustrate the measurement of the length of the stick in
the moving frame with a space-time diagram.

#3)Simultaneity

Given two events X̄o =

(
0
0

)
and X̄a =

(
εx
x

)
,where 0 < ε < 1, find

the boost to the frame in which these events are simultaneous.

#4)The Train Taggers Paradox

Two graffiti “taggers” are standing next to the train tracks separated by a
distance ` as measured in their frame (frame S). As a train traveling at near
light speed goes by, they simultaneously in their frame mark the train with
paint. What is the proper distance Λ between the marks, that is the
distance measured by observers aboard the train (frame S′)?

Show that consistent answers are obtained in both frames.
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Place one of the taggers at the origin x = x′ = 0 and the other at x = `.
Define the following events:

1. o: common space-time origin X̄o =

(
0
0

)
in both frames.

2. e: X̄e =

(
0
`

)
in frame S.

3. f: X̄f =

(
0
Λ

)′

in frame S′.

Determine the coordinates for these events in both frames. Describe how
these events are observed in each frame. Draw a space-time diagram
showing events o,e,f in the train frame.












