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Announcements

1. Fourth hour exam scheduled for Friday 4/15/05 covering 
material in Chapters 35-38 (alternate exam date ~4/19 or 
4/20)
Prepare equation sheet
Review homework and class examples
Previous exam

2.   Remaining classes will cover nuclear physics and some 
topics in materials physics  

3. Extra credit??

4. Today’s topic Einstein’s special theory of relativity
Relationships between frames of reference
Doppler effect for EM waves   
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Some results from the special theory of relativity

Postulates:

The fundamental laws of physics (Newton’s laws, 
Maxwell’s equations, etc.) are the same in all inertial 
reference frames.   (“inertial reference frame” ==
reference frame moving at a constant velocity)

The speed of light in vacuum c = 299792458 m/s is 
measured to be the same in all inertial reference frames.

The effects:

c is the limiting speed in vacuum.

The Lorentz transformation describes position and 
time relationships between frames of reference

New formulations of momentum, and energy.
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0.7 µs

Example:

Consider some measurable process such as a decay of a cosmic ray 
particle                           which is known to the follow the relationship,    

with τ=2.2µs.

In a classic experiment, Rossi and Hall (Phys. Rev. 59,223 (1941)), 
measured µ particles traveling with v=0.994c on the top and bottom of 
a mountain with ∆x = 2000 m .

∆t=2000m/0.994c=6.7µs  expect
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Peer instruction question

How can you explain this “time dilation” from the point 
of view of the meson?

(A)Who cares what the meson thinks.

(B) Meson doesn’t know and therefore is not effected by 
the fact that a crazy scientist measures a time interval 
of 9.1 times longer than 0.7 µs.

(C) Meson has a good reason to think that it traveled from 
the top to the bottom of the mountain in 0.7 µs.
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What the meson thinks:
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Lorentz transformation of velocities

( )

⎟
⎠
⎞

⎜
⎝
⎛ −=′

=′
−=′

x
c
vtt

yy
vtxx

2γ

  γ ( )

⎟
⎠
⎞

⎜
⎝
⎛ ′+′=

′=

′+′=

x
c
vtt

yy
tvxx

2γ

  γ

⎟
⎠
⎞

⎜
⎝
⎛ −

=
′
′

=′

−

−
=

′
′

=′

2

2

1γ

1

c
vu

u
td
ydu

c
vu
vu

td
xdu

x

y
y

x

x
x

⎟
⎠
⎞

⎜
⎝
⎛ ′
+

′
==

′
+

+′
==

2

2

1γ

1

c
vu

u
dt
dyu

c
vu
vu

dt
dxu

x

y
y

x

x
x



4/8/2005 PHY 114 -- Lecture 27 10

21
c

vu
vu

dt
dxu

x

x
x ′

+

+′
==

Behavior of transformation for ux’=0.99c

v/c

u x

maximum ux



4/8/2005 PHY 114 -- Lecture 27 11

vA

vB



4/8/2005 PHY 114 -- Lecture 27 12

Lorentz transformations  for electromagnetic waves
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Doppler effect for electromagnetic waves
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