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Ball thrown through train in driving direction. 

𝑡𝑝 =  train w.r.t. platform 
𝑏𝑡 =  ball w.r.t. train 
𝑏𝑝 =  ball w.r.t. platform 

Velocities etc.: 
 𝛽𝑡𝑝 𝛾𝑡𝑝
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We have: 𝛽𝑏𝑝
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Total energies: 
in platform's frame: 𝐸𝑝 = 𝛾𝑡𝑝𝑀𝑡𝑐

2 + 𝛾𝑏𝑝𝑀𝑏𝑐
2 

in train's frame: 𝐸𝑡 = 𝑀𝑡𝑐
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: 𝐸𝑝 = 𝐸𝑡 = 𝐸𝑏  

Step 1: 𝐸𝑡 = 𝐸𝑏 ∴ 𝑀𝑡𝑐
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only possible if: (𝑀𝑏 = 𝑀𝑡) ∨ (𝛾𝑏𝑡 = 1 ∴ 𝛽𝑏𝑡 = 0) 

i.e. train & ball must have equal mass or the ball must be at rest within the train... 

Ergo Conclusio:  Total energy is frame-dependent! 

But (not proven here):    𝑬𝟐 − 𝒑𝟐𝒄𝟐 = 𝒎𝟐𝒄𝟒    is frame-independent. 
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