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Problem: Calculate the acceleration of gravity g at the earth’s surface using the equation for 

geodesic deviation [Eq. (6.87) Schutz p.163]; the Schwarzschild metric [Eq. (10.36), p.263]; the mass 

of the earth in geometrized units, 𝑀⊕ = 4.434 𝑥 10−3 𝑚 [p.187]; and the mean radius of the earth, 

𝑅⊕ = 6.371 𝑥 106 𝑚 [Wikipedia]. Neglect the earth’s rotation: 𝑑𝜙 = 𝑑𝜃 = 0.   

Solution: We use proper time 𝜏 as the affine parameter and the four-velocity 𝑈𝛼 = 𝑑𝑥𝛼/𝑑𝜏.  

1. From Schutz, 11.7 Exer. (22):  

∇𝑈∇𝑈𝜉𝑟 = 𝑅𝑡𝑡𝑟
𝑟  𝑈0𝑈0 𝜉𝑟 =     
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Note that this value is in geometrized units of 𝑚−1. 

2. For an infalling particle along the radius to the surface [Eq. (11.58) p.299]: 
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  .    If we assume a stationary object at the earth′s surface, then:  
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Multiplying by 𝑐2 provides SI units of acceleration: 𝑚𝑠−2. 

3. Then evaluating ∇𝑈∇𝑈𝜉𝑟 (𝑚𝑠−2) using the given values: 𝑀 = 𝑀⊕, 𝑎𝑛𝑑 𝑟 = 𝑅⊕.  

∇𝑈∇𝑈 𝜉𝑟 =  
2(4.434 𝑥 10−3 𝑚)(2.998 𝑥 108 𝑚/𝑠)2

(6.371 𝑥 106 𝑚)3
  𝜉𝑟 =  3.082 𝑥 10−6  𝜉𝑟   𝑠−2  

4. Now 𝜉𝑟 is simply the 𝑟 component of the connecting vector 𝜉  [p.162].  In the Schwarzschild 

metric, the reference for 𝑟 is at the earth’s center, so the deviation from there to the earth’s 

surface, 𝜉𝑟 = ∆𝑟 = 6.371 𝑥 106 𝑚.  

∇𝑈∇𝑈 𝜉𝑟 =  3.082 𝑥 10−6  (6.371 𝑥 106) = 19.635  𝑚𝑠−2  

Why is this twice the actual value?      g = 9.818 𝑚𝑠−2 
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