
Le
ture 4. Let us now determine the tangential 
omponents of derivatives of anormal ve
tor �eld n(x):Proje
tion of �in(x) to the tangent spa
e = n ki fkSin
e di�erentiation of the equation hn; fji = 0 givesh�in; fji+ hn; fiji; that is n ki gkj = �hhij ; niMultiplying by the inverse gkj givesn ki = �hhij ; ni gkjA
tually, if in addition its a hypersurfa
e and n is the unit normal hn; ni = 1 thenh�in; ni = 0 so that its already tangential.It is now easy to 
al
ulate the tangential 
omponents of fijk = �i�j�kf . Sin
efij = �ìjf` + hij we obtainfkij = ��k�mij + �ìj�m̀k � hhij ; hk`ig`m�fm mod Nf(x):Sin
e fkij � fjik = 0 a 
al
ulation shows that:Th The Gauss equations The �rst and se
ond fundamental form are related byRmijk � �j�mik � �k�mij + �ìk�m̀j � �ìj�m̀k = �hhik; hj`i � hhij ; hk`i�g`m:Here the �rst equality is a de�nition. If we introdu
e R`ijk = g`mRmijk this 
analso be written R`ijk = hhik; hj`i � hhij ; hk`iSin
e the se
ond fundamental form is de�ned invariantly (independently of a par-ti
ular parametrization) on the tangent spa
e so so is the Riemann 
urvaturetensor de�ned byR(T1; T2; T3; T4) = Rijk`T i1T j2T k3 T4̀ = hH(T1; T3); H(T2; T4)i�hH(T1; T4); H(T2; T3)iwhere H(T1; T2) = hijT i1T j2 .We de�ne the Ri

i 
urvature and the s
alar 
urvature byRj` = gikRijk`; R = gj`Rj`respe
tively. These are also invariantly de�ned (why?).
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