
FUNDAMENTAL CONCEPTS IN DIFFERENTIAL GEOMETRYFALL 2000HANDOUT # 31. Exer
ises for the Proper Course1. For p 2 Mn let C be the 
olle
tion of of triples (U;'; �) where U is a neigh-borhood of p, ' is a 
hart 
arrying p to u, and � is a ve
tor in Rn . De�ne anequivalen
e relation on C by de�ning (U;'; �) � (V;  ; �) if� = ( '�1)0ju(�)where  '�1 is de�ned on an appropriate neighborhoodof u.Show that C= � has a natural stru
ture of a ve
tor spa
e. Show that there is anatural isomorphism of ve
tor spa
es C= ��= TpM .2. Show that if U is an open subset of a smooth manifold M , and if p 2 U , thenTpU = TpM . Make this statement pre
ise !3. (a) Make a pre
ise sense of the following statement.The tangent spa
e to the sphere S2 = fx 2 R3 : jjxjj = 1g at the point u,
onsists of all ve
tors in R3 perpendi
ular to u.(b) Consider Euler's parameterization of the sphere	 : (�; �) 7! (sin� 
os �; sin� sin �; 
os�)where �� < � < � and 0 < � < �. Compute 	�( ��� ) and 	�( ��� ). Show thatthese are indeed ve
tors in the tangent spa
e to the sphere.
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