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Lecture 21. 3. april 2018  

Acceleration of gravity 

   A free particle has vanishing 4-acceleration and moves along a time-like geodesic curve. The  i-

component of the geodesic equation is 

0i ix x x 

   

We define the acceleration of gravity as the 3-acceleration of a free particle instantaneously at rest. 

Since the spatial components of the 4-velocity of a particle at rest vanish, the acceleration of gravity 

is given by 

2i i
ttx t  . 

Hence the acceleration of gravity is given by the Christoffel symbols i
tt . They vanish in a local 

inertial reference frame, i.e. in a freely falling non-rotating reference frame. There is an acceleration 

of gravity in any non-inertial laboratory independent of the geometrical properties of spacetime.  

   In the Newtonian limit d dt  , 1t   and the components of the acceleration of gravity are written 
i ix g  . It follows that  

i i
ttg   . 

The Riemann curvature tensor 

   As a preparation for defining the Riemann curvature tensor we shall now consider parallel 

transport of vectors 
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It may be noted that in a coordinate basis this equation reduces to 

 ,R e e

         . 
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The sum of the angles of a triangle on a surface of negative curvature is less than that of a plane triangle, 

i.e. less than  , and geodesics bend away from each other. 
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Since the basis vectors are derivative operators the first two terms is a linear combination of 

derivatives of the connection coefficients. In a local Cartesian coordinate system co-moving 

with a local inertial reference frame all the connection coefficients vanish, and only the first 

two terms in the expression of the components of the Riemann curvature tensor remain. As 

we have seen above this means that in such a system there is no acceleration of gravity. But 

in general the derivatives of the connections coefficients will not vanish. Hence in general 

spacetime is curved. This shows that the acceleration of gravity does not depend upon the 

curvature of spacetime. It depends instead upon the motion of the reference frame. The 

curvature of spacetime is given by a tensor and is an invariant property of spacetime at the 

considered position. The acceleration of gravity is, however, not an invariant property of 

spacetime since it is given by certain connection coefficients which are not tensor 

components. They can be transformed away.           


