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Ch 2: 3 

Lorentz Transformations 



Complete the sentence by inserting one word on each blank: 
 

Throughout our discussion of special relativity, 
we assume all reference frames are ____________ 
frames; these are frames that move at 
_______________ __________________. 

Review Question 



Explain the conventions used in this textbook. 

Conventions 



In classical Galilean relativity, we assume that 
____________ is the same to observers in different 
frames, but in special relativity, we assume that 
____________________ is the same to observers in 
different frames. 

Warm-up question: 
Complete the sentence by inserting 
one word or phrase on each blank. 



{ { Galilean Transformation 
Classical Physics 
t‘ = t 
x‘ = x – vt 
u‘ = u - v 

Lorentz Transformation 
Special Relativity 

𝑡𝑡′ = 𝛾𝛾 −
𝑣𝑣
𝑐𝑐2
𝑥𝑥 + 𝑡𝑡  

𝑥𝑥′ = 𝛾𝛾 𝑥𝑥 − 𝑣𝑣𝑡𝑡  
Velocity in section 6 
 
 

Transformation Equations 



“Gamma factor” 

𝛾𝛾 ≡
1

1 − 𝑣𝑣2
𝑐𝑐2

≥ 1 



{ { Galilean Relativity 

t‘ = t 
x‘ = x – vt 

Lorentz Transformation 

𝑡𝑡′ = 𝛾𝛾 −
𝑣𝑣
𝑐𝑐2
𝑥𝑥 + 𝑡𝑡  

𝑥𝑥′ = 𝛾𝛾 𝑥𝑥 − 𝑣𝑣𝑡𝑡  
 
 

What happens when v << c?  

𝛾𝛾 ≡
1

1 − 𝑣𝑣2
𝑐𝑐2

 



{ { 
𝛾𝛾 ≡

1

1 − 𝑣𝑣2
𝑐𝑐2

 

 

 
 
 
 
𝑡𝑡′ = 𝛾𝛾 −

𝑣𝑣
𝑐𝑐2
𝑥𝑥 + 𝑡𝑡  

𝑥𝑥′ = 𝛾𝛾 𝑥𝑥 − 𝑣𝑣𝑡𝑡  

Or 𝛽𝛽 ≡ 𝑣𝑣
𝑐𝑐

 then 𝛾𝛾 = 1
1−𝛽𝛽2

 

 

Switch primed and 
unprimed and change 
sign of v: 
 
𝑡𝑡 = 𝛾𝛾 +

𝑣𝑣
𝑐𝑐2
𝑥𝑥′ + 𝑡𝑡′  

𝑥𝑥 = 𝛾𝛾 𝑥𝑥′ + 𝑣𝑣𝑡𝑡′  

Memorize these 



Anna is on a flatcar moving east at 0.6c relative to Bob. She 
holds a flashbulb in each hand and causes them to flash 
simultaneously. Anna’s hands are 2 m apart. According to 
Bob, which flashbulb flashes first and by how much time? 

Consequence 1: Relative 
Simultaneity Revisited 

Example 2.1 (page 17) 



1. What is proper time? 

Time Dilation 



Δ𝑡𝑡 = 𝛾𝛾Δ𝑡𝑡0 

Time Dilation 

Complete the sentence by inserting either longest 
or shortest: 
 
Proper time is the _______ time 

Time in 
another frame 



𝐿𝐿 =
𝐿𝐿0
𝛾𝛾

 

Length Contraction 

Complete the sentence by inserting either longest 
or shortest: 
 
Proper length is the _______ length. 

Length in 
another frame Proper Length 

What is proper length? 



Example 2.2 (page 18) 
A muon is created in the atmosphere 3 km above Earth’s surface, 
heading downward at speed 0.98c. It survives 2.2 µs in its own 
frame. (a) Classically, how far would the muon travel? (b) 
Relativistically, according to an observer on Earth, how long will 
the muon survive? Will the muon reach the surface? (c) According 
to the muon, what is the distance from the point in the atmosphere 
to the ground? How much time will take for the ground to reach 
the muon? 

Do (a), and (c) then (b) 



First three Due Thursday  

Homework 
Ch 2: 24, 25, 33, 
(53) 



Example 2.4 (page 21) 
Anna and Bob are on identical spaceships of length ℓ = 12 3 m. 
Clocks are attached to each ship at the center, the front and the 
tail. The figure shows what Bob sees at t = 0. (a) How fast is Anna 
moving? (b) At t = 0, what do Anna’s clocks reading according to 
Bob? (c) Show that the ships’ center will be aligned 20 ns later, 
according to Bob. (d) Find the readings on Anna’s clocks when 
Bob’s read 20, 40 and 60 ns.  



Example 2.4 (page 21) 



Bob Anna 





People on Earth know that light takes 40 years 
to reach Planet X from Earth. Anna has just 
been born. Can she get to Planet X by the time 
she is 30? If so, what speed is required?  

Example 2.5 (page 23) 
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