
Le
ture 7: 3.3 Gaussian 
oordinates and an interpretation of the 
urva-ture tensor. Re
all the equation for a geodesi
d2x
dt2 + �
ab dxadt dxbdt = 0 $ T araT 
 = 0; T = dx
dt :This system of di�erential equations have a unique solution for any initial positionand velo
ity. This means that for ea
h tangent ve
tor T 2 Vp at a point p wehave a geodesi
 
(t) through p in the dire
tion of T . The exponential map is themap Vp 3 T ! 
(1) 2 M , de�ned for small T . We 
an hen
e parameterize aneighborhood of p 2 M by a neighborhood of 0 2 Vp. This is 
alled geodesi
normal 
oordinates.The geodesi
s 
an also be used to de�ne another type of 
oordinate system. Supposethat S is a spa
e-like hyper-surfa
e of 
odimension 1 in a Lorentzian manifold ofdimension n. This means that gabXaXb > 0 for and tangent ve
tor X 2 eVp to thehyper-surfa
e. Let n be the unit normal; gabnaXb = 0, X 2 eVp, gabnanb = �1. LetS be parameterized by lo
al 
oordinates (x1; : : : ; xn�1) and 
onsider the geodesi
sfrom a point on S when the parameter t = 0 and let St be the surfa
e of all geodesi
sfrom di�erent points at time t..... The 
oordinates (x1; : : : ; xn�1; t) of M are 
alledGaussian 
oordinates........ see (3.3.6) in book.We will now give an interpretation of the Riemannian 
urvature tensor as how mu
hnearby geodesi
s a

elerate from ea
h other...... see (3.3.15)-(3.3.18) in book.
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