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Lecture 33. 22. May 2018 

 

   The physical distance, at a point of time t , to a particle with an instantaneous coordinate 

distance   from an observer at the origin, is 

 l a t  . 

The velocity of the particle relative to the observer is 

a
v a a a a

a
       . 

Defining the Hubble parameter  

a
H

a
 , 

this may be written as 

H Pv Hl a v v    . 

Here  

Hv Hl  

is the velocity of the Hubble flow, which represent the expansion of the universe. It says that 

the velocity of the Hubble flow is proportional to the distance from the observer. This is the 

Hubble law. The general relativistic interpretation of this law is that space expands.  

   Furthermore   
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Pv a  

is called the peculiar velocity of the considered particle. It is a velocity peculiar to the 

considered particle due to a local gravitational particle at the particle. In other words: Hv  is 

the velocity of space, and Pv  is a velocity through space. The velocity of space is permitted to 

be larger than the velocity of light, which is the case farther away from the observer than

/c H , and the velocity though space is always smaller than the velocity of light. 

   We shall now investigate whether the reference particles are freely moving, i.e. whether 

they obey the geodesic equation. Since a reference particle is permanently at rest in the 

coordinate system, and the derivative of the coordinate time with respect to its proper time 

is / 1dt d  , it 4-velocity has components  
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