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Preface 

These note s resul t fro m a  meeting hel d i n Sant a Barbar a in August 1983 . Th e 
purpose of th e meetin g wa s t o bring togethe r geometric topologist s an d differen -
tial geometers t o stud y in depth th e recent work of Simo n Donaldson . Of course , 
due t o th e beautifu l an d profoun d result s o f Mik e Freedman , th e subjec t o f 
4-manifolds ha d alread y become the focus of livel y interest. Moreover, in light of 
Donaldson's result , th e Freedman-Casso n machiner y wa s abl e t o produc e th e 
startling fac t tha t ther e exis t exoti c differentiabl e structure s o n R 4. Fo r thes e 
reasons topologists have wanted to understand in depth the arguments of Donald -
son, which are based on the theory of Yang-Mills fields . 

Consequently, th e principa l purpos e o f thes e lecture s (an d thes e notes ) i s t o 
present thes e argument s togethe r wit h al l th e backgroun d materia l require d b y 
someone wh o i s no t a n exper t i n th e field . Th e lecture s ar e aimed , however , a t 
mature mathematician s wit h som e trainin g i n geometr y an d topology . Th e tas k 
set ou t her e wa s alread y sufficientl y exactin g tha t n o tim e wa s availabl e fo r 
wide-ranging discussio n o r excursion s int o physics . O n th e othe r hand , thi s 
presentation attempts to be nearly complete. 

It shoul d b e mentione d tha t a  semina r o n thi s subjec t wa s ru n las t sprin g a t 
M.S.R.l. b y M . Freedma n an d K . Uhlenbeck . Th e note s o f thi s semina r hav e 
been prepare d fo r publication wit h the assistance of D . Freed . They also provid e 
a detailed reference for this material. 

The success of th e conference was due to the enormous efforts of the organizing 
committee: Ke n Milieu , Doug Moore, and Marty Scharlemaim, to whom al l of u s 
who participate d hav e expresse d ou r gratitude . I  would als o like t o than k Susa n 
Crofoot fo r he r beautifu l jo b o f preparin g th e manuscrip t an d th e organizin g 
committee for al l the help they gave me with proofreading. 

It is a pleasure t o report that two of th e conference participants, Ron Fintushe l 
and Ro n Stern , have subsequently succeeded in greatly generalizing the results of 
Donaldson while , a t th e sam e time , simplifyin g th e arguments . The y hav e als o 
applied thei r method s t o prov e a  spectacular resul t concernin g homolog y cobor -
disms of homolog y 3-spheres . I n particular, they show that th e Poincard 3-spher e 
has infinit e orde r i n thi s group . Interestingly , th e ke y t o thei r argument s i s t o 
consider gaug e field s wit h S0 3 i n place o f SU 2. Fo r low instanto n numbers , th e 
moduli spac e o f self-dua l connection s i n thi s cas e i s actuall y compact.  W e shal l 
say a bit more about this at the end of Chapter I. 

vn 



This page intentionally left blank



This page intentionally left blank



References 

[A, ] M . F. Ativan, K-theory,  Benjamin, New York, 1967 
|A2] .  The  geometry of  Yang-Mills  fields,  Lezion i Fermiane , Scuola Normal e Sup. , Pisa, 

1979. 
(ADHM) M . F . Atiyah , V . G . Drinfeld , N . J . Hitchi n an d Yu . I . Manin , Construction  of insiantons, 

Phys. LetL A 65(1978), 185-187 . 
[AHS] M . F . Atiyah , N . Hitchi n an d I . Singer , Self-duality  in  four  dimensional  Riemannian 

geometry* Proc. Roy. Soc. London Ser . A 362 (1978), 425-461. 
[AJ] M . F . Atiya h an d J . D . S . Jones , Topological  aspects of  Yang-Mills  theory,  Comm. Math . 

Phys. 61 (1978), 97-118. 
[AS I ] M . F . Atiya h an d I . Singer , The  index of  elliptic  operators,  Ann . o f Math . (2 ) 8 7 (1968) . 

484-530. 
[AS III ] The  index of elliptic operators, Ann. of Math . (2) 87 (1968), 546-604. 
[AS IV] The  index of elliptic operators. IV, Ann. of Math . 93 (1971), 119-138. 
[AS VI ] ,  Index  theory  for skew-adjoint  Fredholm  operators, Inst . Haute s Studie s Sci . Publ . 

Math. no. 37 (1969), 5-26 . 
[AW] M . F . Atiyah an d R . S . Ward , Instanwns  and algebraic geometry, Comm . Math . Physic s 55 

(1977), no. 2,117-124 . 
[Ail] T . Aubin , Non-linear  analysis  on  manifolds,  Monge-Ampere  equations.  Springer-Verlag . 

New York , 1980. 
[BPSTj A . Beiavin , A . Poiyakov , A . Schwart z an d Y . Tyupkin , Fseudopanicie  solutions  of  the 

Yang-Mills equations,  Phys. Lett. B  59 (1975), 85. 
[Bl] D . Bleekcr , Gauge Theory and Variational  Principles, Addison-Wesley, London, 1981. 

[Bou] J . P . Bourguignon , Formules  de Weitzenbock  en dimension 4, Geomitri e Riemannienn e d e 
Dimension 4, Sem. Arthur Besse, CEDIC/F. Nathan , Paris, 1981. 

(BL, J J . P. Bourguigno n and H . B . Lawson , Jr., Stability and  isolation phenomena for Yang-Mills 
theory, Comm. Math . Phys. 79 (1982), 189-230. 

[BL2] ,  Yang-Mills  theory,  its  physical  origins  and differential  geometric aspects, Ann . o f 
Math. Stud. 102, Princeton Univ. Press , Princeton, 1982, pp. 395-421. 

|Cal] A . P . Calderon . Lebesgue  spaces of  differentiable functions and distributions,  Proc. Sympos . 
Pure Math., vol. 4, Amer. Math. Soc., Providence, R. I. , 1961, pp. 33-61. 

|C] A . C  as son, Three  lectures  on  new  infinite  constructions  in A-dimensional  manifolds, Lect . 
notes by Lucian GuiHon, Prepublications Orsay 81T06, Orsay, France. 

[CWS] N . H . Christ , E . J . Weinber g an d N . K . Stanton , General  self-dual Yang-Mills  solutions, 
Phys. Rev. D 1 8 (1978), 2013-2025. 

[CS] J . H . Conwa y an d N . J . A . Sloane , On  the  enumeration  of lattices  of  determinant  one,  J . 
Number Theory 1 5 (1982), 83-94. 

|D , ] S . K. Donaldson , Self-dual  connections and the  topology of smooth 4-manifolds, Bull. Amer . 
Math. Soc. (N.S.) 8 (1983), 81-83. 

99 



100 REFERENCES 

(D21 .  An application of gauge theory to 4-dimensional topology, J. Differentia l Geom . 1 8 
(1983). 279-315. 

[DV] A . Douad y an d J . L . Verdier , Lvs  equations de Yang-Mills,  Asterisqu e 71-72 , Soc . Math . 
France, 1980. 

[DM] V . G. Drinfel d an d Yu. I . Manin , A description of instantons, Comm. Math . Phys. 63 (1978), 
no. 2 , 177-192 . 

[FSdl] R . Fintushe l an d R . Stem , SO(3)-connections and the topolo%\- of 4-man if olds, J. Differentia l 
Geom. (to appear). 

[ FS2 ] ,  Pseudofree Orbifolds (to appear). 
[FU] D . Free d and K. K. Uhlenbeck. Instantons  and Four-manifolds.  Springer , 1984. 
[F,] M . H . Freedman , The  topology of 4-dimenstonal manifolds. J. Differentia l Geom . 1 7 (1982), 

357-453. 
[F2] .  There  is no room to spare in  four-dimensional space. Notice s Amer . Math . Soc . 31 

(1984), 3-6 . 
[FK] M . Freedma n an d R . Kirby . A  geometric  proof of  Rohlin's  Theorem.  Proc . Sympos . Pur e 

Math., Vol. 32 . Part 2, Amer. Math . Soc.. Providence. R. I. , 1978 , pp. 85-98. 
[GT] D . Gilbaxg and N. S. Trudinger, Particl differential equations of second order, Springer-Verlag. 

New York, 1977. 
[G] R . Gompf , Three  exotic  R 4\v and  other  anomalies.  J . Differentia l Geom . 1 8 (1983) , 

317-328. 
[Har] R . Hartshorne , Stable vector bundles and instantons, Comm. Math . Phys. 59 (1978). 1-15 . 
[Hel] S . Helgason , Differential  geometry and  symmetric spaces.  Academi c Press , Ne w Yor k an d 

London, 1962. 
[Hor] L . Hormander. Linear partial differential operators. Spnnger-Verlag, New York, 1964. 

[JT] A . Jaffe an d C. H. Taubes, Vortices  and Monopoles, Birkhauser. Boston, 1980. 
[K] R . Kirb y (to appear). 

[KS] R . Kirb y an d L . Siebenmann, Foundational  essays on topological manifolds, smoothings and 
tnangidutions. Ann. of Math . Stud. no. 88, Princeton Univ . Press . Princeton, 1977. 

[KNIJI] S . Kobavash i an d K. Nomizu , Foundaiions  of  differential geometry, Vols . I . II, Intersciencc , 
New York . 1969 

[KoM] K . Kodair a an d J . Moirow , Complex  manifolds.  Holt , Rinehar t an d Winston , Ne w York . 
1971. 

[Kur] M . K  uranism, A new proof for the  existence of locally complete families of  complex structures. 
Proc. Complex Analysis (Minneapolis), Springer. Berlin. 1964 , pp. 142-156 . 

[Man] R . Mandelbaum , Four  dimensional topologv. an introduction. Bull. Amer . Math . Soc . (N.S. ) 
2(1980), 1-15 9 

[MY] R . L . Mill s an d C . N . Yang , Conservation  of isotopic  spin and  isotopic  gauge  invahance. 
Phys. Rev. 96 (1954), 191. 

[M] J . W . Milnor . On  simply-connected  4-manifolds,  Proc . Internal . Sympos . o n Algebrai c 
Topology, Univ . de Mexico, 1958, pp. 122-128. 

[MH] J . W . Milno r an d D . Husemoller , Symmetric  bilinear  forms. Springer-Verlag , Ne w York . 
1973. 

[IVIor] C . B . Money , Multiple  Integrals in the calculus of variations,  Springer-Verlag , Ne w York . 
1966 

[Pal] R . Palais , The  jowidations of  global non-linear analysis, Benjamin. New York . 1968. 
[P] T  Parker , Gauge  theories on ^dimensional riemanman  manifolds. Comm. Math . Phys . 8 5 

(1982), 563-602. 
[Q,) F . Quinn,  Ends  of maps III, dimensions 4 and 5, J. Differential Geom . 1 7 (1982), 503-521. 
IQ21 F . Qiiinn, Smooth structures on 4-manifolds (to appear). 
[Ro] V . A . Rohlin , New  results in the theory of 4-dimensional manifolds,  Dokl. Akad. Nauk SSS R 

84(1952), 221-224 . (Russian ) 
[SU] J . Sack s an d K . Uhlenbeck , On  the  existence of minimal  immersions of 2-spheres,  Ann. o f 

Math. (2) 113(1982) , 1-24 . 
[Sed] S . Sedlacek , A direct  method for minimizing  the Yang-Mills  functional.  Comm. Math . Phys. 

86(1982), 515-528 . 
[St] N . Steenrod , The  topology of fibre bundles,  Princeto n Univ . Press , Princeton, 1951. 



REFERENCES 101 

[Taub,) C . H . Taubes , Self-dual  connections on  non-self-dual 4-manifolds, J . Differentia l Geom . 1 7 
(1982), 139-170 . 

[Taubj] ,  Self-dual connections on A-manifolds with  indefinite intersection matrix* J. Differen -
tial Geom. 1 9 (1984), 517-560. 

[Taubj ] ,  Path-connected Yang- Mills Moduli spaces (to appear). 
[t'H] G . t'Hooft , On  the phase transition toward permanent quark confinement. 
[UJ K . K . Uhlenbeck , Removable  singularities for Yang-Mills  fields,  Comm . Math . Phys . 8 3 

(1982), 11-30 . 
[Uj] ,  Connections with Lp-bounds on curvature, Comm. Math. Physics 83 (1982), 31-42. 
(U,) ,  Variational  problems for gauge fields, Semina r on Differentia ] Geometry , ed . S . T. 

Yau, Ann . o f Math . Stud . no . 102 , Princeto n Univ . Press , Princeton , N . J. , 1982 , pp . 
455-464. 

[W] F . Warner , Foundations  of Lie groups and differential geometry, Scott , Foresman, Glenview, 
111., 1971 . 

(Wh] J . H . C . Whitehead , On  simply-connected ^-dimensional polyhedra. Comment . Math . Helv . 
22 (1949) , 48-92 . 




		2014-08-31T10:06:07+0530
	Preflight Ticket Signature




