
�r�aD xtU�

h� QW �DavY x�oWv�O
���� Q swra �xOmWv�O

���� Q �QDmO �xQwO �OwQw uwtR�

������ �u�LDt� M� Q�D

�SwrwBwD �u�LDt� �w�wt

QO OL�w �Oa� wO �xQm �� O�yO u�Wv w O�vm h� QaD j�kO Qw�x� �Q �Oa� l� �rDNt �Wvmi� ���i �CP��� ��

�twyit xJ x� O�yO K�	wD �ad� bc �� 
 w OvW�� �rDNt O�Oa� a� b� c� d Qo � �CU� CN� Qv�Uty R�

�Ovm�t O�H�� u� OwN x� �Oa� wO �xQm R� �DN� Qv�Uty l� z �� az�b

cz�d

T xQ�vJ l� �D s�yO�t u�QwO y QwLt pwL ��i QO �Q xy �xLiY QO �b � a �b 
�aW w �a�
� RmQt x� �xQ��O ��

�CU� �i�v x�kv Ok�i T O�yO u�Wv �O�vm XNWt �Q xQ�vJ u�� ��vLv� �w�N �O�� O�OB

� � �
k
�
i��

li w OvQPo�t R� QO C�YDNt ��O�t R� xm OvW�� R��tDt CU�Q �w�N l�� � � � � lk O�vm ZQi ��

�O�vm x�U�Lt �Q R� n� �O��v� xwQo

���i l� M� � Mg ��xDUw�B ���D Qo � �OW�� g �xvwo Q�PBCyH xOQWi OQ�Ov�DU� x� wQ Mg O�vm ZQi ��

h� QaD Mh �M� �WWwB ���i l� u�wD�t h s�Om ��Q� �g � � �� � O�yO u�Wv Ovm h� QaD �WWwB
�OQm

V��tv X x� RP � QO �Q S� R� X �xawtHtQ� R Q� wYD �S� � RP � �iQ�aDt CtUk GQ�N Vvmi� ��Q� ��

�O�vm x�U�Lt Q� R OQwt wO QO �Q RP ��X w X �Swrwty ��yywQo �s�yO�t

X � f�x� y� z� � S� j z � 
g �hr�

X � f�x� y� z� � S� j z � 
g � f�x� y� z� � S� j y � 
g ��

�DN � Q ty CW� o v O �yO u�W v �u� CrmU��m �Xm w OW� � � mO�U �t DHt l � X O � v m ZQ i ��

Qo � �CU� �DN� Qm� j � m ��R�x� OwW�t �kr� Xm �� X C��RH CW�ov R� xm Hj�Xm� � Hj�X�

�O�vm x�U�Lt �Q Xm Qr� w� XN�W �m � n w OW�� OQ�Ov�DU� lO�U�n X



Topology

�� Precisely de�ne CP�� the one�dimensional complex projective space� and show that

it is homeomorphic to the unit 	�dimensional sphere in R�� If a� b� c� d are complex

numbers and ad� bc �� 
� explain that in what sense� the map z �� az�b

cz�d
induces a

self�homeomorphism of the 	�sphere�

�� Consider the circle of radius b in the xy�plane centered at �a� 
�� b � a� and rotate it

in the space around the y�axis to develope a torus T�Determine the lines of curvature

of this torus� Show that T lacks umbilical points�

�� Let l�� � � � � lk be distinct lines in R
� passing through the origin and � �

k
�
i��

li�

Compute the fundamental group of R� n��

�� Denote by Mg the standard compact orientable surface of genus g� If a continuous

map M� � Mg de�nes a covering space� show that either g � 	 or g � �� For what

values of h can one de�ne a covering space Mh � M��

�� For the canonical quotient projection S� � RP�� denote the image in RP� of the

subset X of S� by X� Compute the homology groups of X and RP� n X in the

following two cases�

�i� X � f�x� y� z� � S� j z � 
g

�ii� X � f�x� y� z� � S� j z � 
g � f�x� y� z� � S� j y � 
g

�� Suppose X is a simplicial complex and Xm its m�skeleton� Show that the homomor�

phism Hj�Xm� � Hj�X� induced from the inclusion map Xm �� X is an isomor�

phism for j � m� If X is the standard n�simplex and m � n� compute the Euler

characteristic of Xm�


