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LENGTH CONTRACTION

Measurement of length is affected by relative motion.
The length L of an object in motion with respect to an
observer always appear to the observer to be

than its length L, when it is at rest with respect to him.
The occurs only

The length L, of an object in its rest frame is called its

(Sam’s and Sally’s example, clock moving
perpendiculartov—> L=1L,.



LENGTH CONTRACTION

How can we derive the length contraction?
The simplest way is based on time dilation and the
principle of relativity.

We will consider the example of muons.



LENGTH CONTRACTION

What is a muon?

« Unstable particle created at high altitudes by fast
cosmic-ray particles (largely protons) from space
when they collide with atomic nuclei in the earth’s
atmosphere.

A muon has a mass 207 times that of the electron and
has a charge of either +e or -e.

« It decays into an electron or a positron after an
average lifetime of 2.2 us (2.2 x 107 s).

« Cosmic-ray muons have speed of about 2.994 x 108

m/s (0.998c).

How far can a muon travel?



LENGTH CONTRACTION

How far can a muon travel?

« Inits average lifetime of t, = 2.2 the muon can before
decaying travel a distance...

vt,=(2.994 x 108 m/s)(2.2 x 107°5)=6.6 x 102 m=0.66 km

Out of a million
particles at 10 km, |  pmeasure musn

how many will flux at 10 km height.
reach the Earth?

+@ 1,000,000
L - mass 207 m , v=08¢
charge + or -
Rest halflife:

-6
Tﬂ: 186 %10 sec

10 km

Simultansously
monitor flux at
ground level.




LENGTH CONTRACTION

What is the reference frame that we are doing our
measurement in???



LENGTH CONTRACTION

How far can a muon travel?
« Average lifetime of t, = 2.2 the muon is according to an
observer at rest with respect to the muon.
* The muon’s life time in our frame of reference is
extended by

t t, 2.2x107°s

V1-0?/c® [1-(0.998¢)° /¢
* The moving muons have life times almost 16 times
longer than those at rest.
* In atime interval of 34.8 us, a muon whose speed is
0.998c can cover a distance..
vt =(2.994 x 108 m/s)(34.8 x 10 5)=1.04x104 m=10.4 km

—34.8x10°s = 34.8/55



LENGTH CONTRACTION

How far can a muon travel?
A muon can reach ground from altitudes of as much as

10.4 km because in which these altitudes
are , the muon lifetime is t = 34.8 pus.

QOut of a million

p-ﬂﬂiCIES -Elt 1D Hm, Measure muon

how many will flux at 10 km height.
reach the Earth? 1
@ 1,000,000
M -mass 207 m, v=98c
charge + or - ¥=5

Rest halflife:
-5
Tﬂ: 1.86 x 10 sec

10 km

P

@ 49,000

Simultaneously
monitor flux at
ground level.




LENGTH CONTRACTION

muon lifetime is t, = 2.2 pus.
T Distance covered L = 0.66 km

%/ muon lifetime is t = 34.8 us.
3 Distance covered L, = 10.4 km




LENGTH CONTRACTION

\/1—02/02

Time dilation Length contraction
— tO
J1-0?/c?

t LZLO\/].—UZ/CZ




LENGTH CONTRACTION

When is the length contraction significant?

1.0

0.8

0.6

L/L,
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LENGTH CONTRACTION

To a person in a spacecraft, objects on the earth appear
shorter than they did when he or she was on the ground by
the same factor that the spacecraft appears shorter to
somebody at rest.

The proper length L, found in the rest frame is the
maximum length any observer will measure.

Length contraction occurs only in the direction of motion.



LENGTH CONTRACTION

Faster means shorter.



