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Measurements of lengths as well as of time interval3jare affected by relative motion. Ve
{[ he lengrh{L of an object in motion with respect 10 an obscrveﬁa]ways appears to tlie
observer to bc('ﬁhoigﬁ than its lengt when it is at rest with respect to him. This
contraction occurs only in the direction of the relative_motion. {The length Lo of an
abject in its ‘Yest frame js called its proper ength?. (We note that in Fig. 1.5 the clock
is moving perpendicular to v, hence L = LQ there.)
The length contraction can be derived jn a number /)[ ways /Perhaps/ the simplest
is based on time dilation andgtm: prmc1ple of relativity/Let us consider what happens

to unstable pamcies called miuons that are created at high a]tltudcsjb}i_[zm cosmic-ray

p'wucles (largely proxons) frofmrspace when they collide with atomic nuclei in the earth’
atmosphere. A muon has a mass 207 times that ol the electron and has a charge of
cither +e or —e; it decays into an electron or a posuron,/after an average lifetime of
2.2 ps (2.2.X 107 98],
Cosmic-ray muons have speeds of about 2.994 X 10% mi/s (0. 998¢) and reach sea
_Alr.w,l in profusion—one of them passes_ _through each square cc_nnmeter of l:he earth’s
swrface on the average slightly more often Lhan once a minute. But ini. tmu 2.2 ps,
their average lifetimes muoris can travel a distance of only T

Ulp = (2.994 X 10% m/8)(2.2 X 107°5) = 6.6 X 10° m = 0.66 km

hefore decaying, whercas they are actually created apaltitudgs of 6 @r more.
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