
 
Ch 2: 4-5 
Twin Paradox and Doppler 
Effect 
 (We start with Doppler.) 



Doppler Effect 



Doppler Effect 
 Assuming the dashed lines are nearly parallel, 
𝑣𝑣∆𝑡𝑡𝑝𝑝 cos 𝜃𝜃 is the extra distance the light must 
travel.  

 Ignoring Special Rel, the time interval between 
arrivals is: 

∆𝑡𝑡𝑎𝑎 = ∆𝑡𝑡𝑝𝑝 +
𝑣𝑣
𝑐𝑐 ∆𝑡𝑡𝑝𝑝 cos 𝜃𝜃 = ∆𝑡𝑡𝑝𝑝 1 +

𝑣𝑣
𝑐𝑐 cos 𝜃𝜃  

 The fronts are produced in the same location in 
the S’ frame so ∆𝑡𝑡𝑝𝑝 =  𝛾𝛾𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 where 𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 is 
the period in the source’s frame. 



Doppler Effect 



Example 2.6 (page 30) 
The wavelengths observed from a star are 
four times their ordinary value. How fast is 
the star receding from Earth? (find β.) 



Ch 2: 53 (due date TBA) 



Describe the Twin Paradox in 
GENERAL terms (specific 
example to follow). 



Now describe in terms of specific 
example (2.5, page 23) 
 According to Bob Planet X is 40 lightyears from Earth. 

Anna (born on a spacecraft) can get to Planet X by 
the time she is 30 yr as long as the spacecraft is 
moving at 0.8c (γ = 5/3). According to Bob, the 
elapsed time is ∆𝑡𝑡𝐵𝐵 =40ly/0.8c = 50 yr, and he agrees 
with Anna ∆𝑡𝑡0 = Δ𝑡𝑡𝐵𝐵/𝛾𝛾 = 50 3

5
= 30 yr. 

 According to Anna, Bob is moving at 0.8c (γ = 5/3). 
She says that Bob is ∆𝑡𝑡0 = Δ𝑡𝑡𝐴𝐴/𝛾𝛾 = 30 3

5
= 18 yr. 

 So far no paradox. Bob says, “I’m 50 and Anna is 30”. 
Anna says, “I’m 30 and Bob is 18” (If you asked Bob, 
“How old was Anna, when you were 30?”, he would 
say, “18” 



Now the paradox 
If Anna returns to Earth,  
 Bob would say, “I’m 100 and your 60”,  
 but Anna would say, “I’m 60 and you’re 

36.” 
 

 The difference is that Anna must 
accelerate in order to return, but Bob 
does not. … 



Carl resolves the paradox 
 Carl travels in an inertial frame at 0.8c from 

X to Earth. He passes X just as Anna arrives.  
 When Carl gets to Earth, Bob will be 100. 
 In the 50 yr it takes Carl to get from X to 

Earth, he will say that Bob must have aged 
18 yr. So Carl says Bob must have been 82 
when Carl and Anna were at X. 

 Anna must accelerate, but not Carl so we 
trust Carl…. 



Remaining questions 

 Can Carl tell Anna about Bob’s “future”? 
 How can Anna say Bob is 18 when Carl say 

that Bob is 82? 



 
Bob’s light signal arrives at X at 
same time as Anna and Carl  

 The light will take 40 yr to get to X. So Bob 
must send the signal when he is 10.  

 Carl and Anna receive that signal when 
they arrive at X. They cannot have any 
knowledge of Bob after he is 10 because  
no signal can travel faster than light. Any 
signal sent after Bob is 10 won’t have arrived 
yet.  

 Carl canNOT tell Bob’s future.  



Bob’s light signal arrives at X at 
same time as Anna and Carl 



Light Signal Solution 
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