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1. ( 15 pt" LL'I .If , ,  (2,) be the space uf al t I ,  x rr ~nn~riccs  u h ~.c:il entries. (This is, of coursc. 
a dift'ei-entiable manifold.) For .,I E ;If,, (IR): def ne 2 rangent vector to !I],, ( ? I  at the icien~ity 
rnatr.~u I to he the i i i ts5 nf rhc curve I $ -  i.4. -t < t r r. Denole this rangent vcctor by A. 
(a) !;or :my .Y F .I(,, f R). let : ilI,, (K ! - JI,, (8) hc defined h y  (D) = B . Prow 

th;i( I: \- is dl ifzrcntiable. - 
(b) For Any :L r 7 )  :\I,, (R), d r i i ~ ~ c  a vector fieid Ei on d l ,  i,.?.) sr, that : j l  .\-) = ( I I , ~ ) + ( T ) ( ~ , ~ )  

(Herc ( RJY ) , ! : I )  is rht: dcriv;itive of R.,- a! I .  C o m p ~ ~ t e  thc Lie br -~~ ikc t  tB]. 
2. 1 3 pts) 1,ct I - '  be r he suhser ot' I' LVII  h contdinales r .  t i 1 ,  delincd by the equ~ilion .~r:'" = P ( : ) ,  

whe1-t. 1'i:l :s ;i pc'lynumial of ileg,.r,ee 3.  
(a) Prove that i t '  P has no rr~?c;~rcd roots, tllcn T' 1 5  submanifold (of' I). (Iiernai-k: C* i s  i t  

ccjmplcx submilnil'uld, and Iience is also a real submanifold.) 
(b) Supposc that I-' 11~1s no repcated roots. Ctlmpute the fundnmcntal group of C'- ( ( - 2 .  u;)lw = 

0) .  (Hint: Think of covering spaces.) 

3. i 10 p t ~ )  PI-OI.~ that tl7c m g e n t  bundle 1-12i of s sinooth manifold .\I h,is the structul-t. of a 
snlooth oricntul>lt. manifold. (Do not assrllne that ,\I itself i s  or~enritble.) 

4. ( I0 plsl Consiclet. rhc clifferen~~ul I -form LI - (I_: - g d ~ -  on -I;'' with coordinates < r .  ! I ,  z ) .  l>ro\,e 
thaL 1 i s  not closcd for any nrl\i,ht.re ze1.0 f'~i11~1ion ,/- :l' -- R. 

3. r 1 U pts) Define rhc ncjrton of a ~I{:fi)t-t?~(rriw~ ~ ~ ' f t c ~ ~ t i o ~  of D S I X ~ C ~ :  -1- c)n~cl a subset ./I T Prove 
that i f  .A is rhc hnot l n  the solid torus .Y = ,i" x n\;s drawn i n  the picture below, rhcn there is 
no defot-m;lt~on relraction of .Y onro .-l. 

6. (10 pts) Cons1ruc.r a topologica\ s p x e  _Y suc l~  that I l , , ( , ' i ,X )  - Z .  H:I( .Y:2j  = xi;:%, 
H- 3 ( - Y; 2 j - Z. and a1 I other hunrology groups 21-c. zcr-n. 


