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Geometry

�� Give examples of�

i� A Hausdor� space with non�Hausdor� quotient space�

ii� A non�open quotient map�

iii� A 	rst countable space with non�	rst�countable quotient space�

�� For the torus� f � R�R�� R
�

f�u� v� � ��a� b cos u� cos v� �a� b cos u� sin v� b sinu� �
 � b � a�

compute the Gaussian curvature and the lines of curvature� Describe the points with


� �� and 
 asymptotic directions�

�� Show that the map f � R�
�� R

� by

f�x� y� z� � �x� � y�� xy� xz� yz�

induces an imbedding of RP �
� into R�� �RP �
� is the real projective plane��

�� Show that the set of two�dimensional linear subspaces of R� can be equipped with a

smooth manifold structure�

�� Let M be a compact� smooth� orientable manifold without boundary and � a k�form

on M � Show that there does not exist a closed form � so that d� � � is a volume

element for M �

�� Let X and Y be two smooth vector	elds de	ned in a neighborhood of 
 in R�

and linearly independent at 
� Show that there exists a di�eomorphism f in a

neighborhood of 
 such that X � f � a
�f

�x
and Y � f � b

�f

�y
with a and b smooth

functions�


