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Another quantity that follows quite straight forwardly from the 4-velocity is 4-
momentum.

𝑃 ≡ 𝑚  𝑈 ; 𝑃 = −𝑚  𝑐

𝑚 the rest mass of the particle.

Following previous example in which we see a spaceship to have 𝑈 = (γc, γ𝑣, 0,0), 
𝑃 = (γ𝑚 𝑐, γ𝑚 𝑣, 0,0)

What is the first term in this vector?

By expanding to first order we see that γ𝑚 𝑐 ≈  𝑚  𝑐 +  𝑚  𝑣 which simply is 

the rest mass energy plus the classical kinetic energy!

Therefore, we usually generalize this concept to define 𝑃 = , 𝑃 , 𝑃 , 𝑃

Combining with 𝑃 = −𝑚  𝑐 , we arrive at the equation 𝐸 = 𝑃  𝑐 + 𝑚  𝑐
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Similar with what we’ve done before, Newton’s Law 𝐹 = in 4-form then is : 

𝐹 =

Or in general, 
𝐹 = 𝑈  𝑃 , ?
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Just as in classical physics, waves exhibit Doppler shifts when viewed from frames 
with different velocities.

We define the doppler factor δ through 𝑓 = δf

For relativistic velocities, 𝛿 =
  

Some cases:
1. Source moving toward observer at v~c 𝛿~2 𝛾

2. Source receding from observer at v~c 𝛿~
 

3. Sources not approaching nor receding 𝛿 = (time dilation)
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Importance in astrophysics
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