
 
Categories and functorsbetweenthem assemble into a category Cat
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Anaturaltransformation E D is a naturalisomorphising if VCEE themorphism Fc Gc in D is an isomorphism
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If DeGpd Cat every nettrans tatu fairsto D is a hat so
enaquasiimmcorsimplyinversebutnogunA functor C D is called an equivalence Cofcategories if 3 functor DIE and not

Isa's GF ide and FGEido

Theprincipkofequivalenceiforthepurposesofinterestigmathematicalassertionsonecai
replaceanycategorybyonethatislmerelyeq Q to.it

A functor C D is called ffri
faithful I fell ELWIN if V co.czEE homeCota hempFooFce is injective surjective bijective
essentiallysurjectine if f deD F Cee and is Fc Ed

es
everyvsadmitsabasis Vs.teset.hemsels.tl www.uesi.ecn istheinclusionoftheseklinearmapsthatsendbasiseatstobasisdts.ro
mEx Set F Vectee is es andfaithful butnotfull

Ex Vecty UsSet is faithfulandis not es Heranyfieldk
finitedime

ExiDefine Matu LbL mateenn Then Mate Vectfid is IEdesn einne ap't manmum Matulmonsehemvectackinsk

zethcss.ie Tis41,17 subsetofobj'ssamehemsbetweenthemneocons S ispathconnected nonempty

Ex 1374 3ITS't is ff es Infact forangysubsetOestetheinclusion111530 ITS ofthefullsubcat on thecorresp
G o Tn e cm objects is ff des Moregenerally Voeo.es theinclusion116701 TisOYis ff e.g 1341 as

CBD Tis assumingeither T fob www i zo osoooy hem

Prop i A functor E F D is an equivalenceof cats iff itis ff es ggo o
compositionaddition

Pfui Suppose F an eqir Choosequasiinverse D E andnatiso's ide GF and id FG To see that F is
f f note that V co.geE we have homeCeoe homoFcoFcs hour Foo FGFcs
idecco Is ideke anaturaltransformation 4 1112 O LG.o.ec G l opor
Toth v site p a naturaltransformation homeccoGFW to hemeCGFcoGFCs p hempFGFaFGFcs
GFco coffee



so Gape has left rightinverses so it's an iso so Far is an iso by twooutofthree To see that F
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It's easytosee that thisdefines a functor DE E Cie that it respect composition and thatthe
iso's d Fed FGddeo define a natiso ido EFG To conclude we must construct a hat so
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EX Theequivalence 1327 Tst has an inverseequivalencedefined as follows send every object
of Tst to c1327 and send any p q to the morphism m s for any lift in
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