
 
Chp4ApplicationsofDifferentiation

41MaximumandMinimumValues
LetcbeanumberinthedomainDofafunctionfThenflo istheabsolutemaximumvalueoffonDifflo zf x Fred
andfldistheabsoluteminimumvalueoffonDiffloef x txED
AnabsolutemaxminissometimescalledaglobalmaxminThemax'sminvaluesoffarecalledextremevaluesoff
fldisalocalmaximumoff iff o zfxforxnearc flo isalocalminimumoff if flo efx forxnearc
ExtremeValueThm If fiscontonaclosedinterval ab thenfattainsanabsolutemaxvaluefloandanabsoluteminvaluefld
atsomecdelab

Fermat'sThm If fhasalocalmaxonminatcandiff o existsthenf c 0
Acriticalnumberofa fn fisanumbercinthedomainoffsteitherf c 0 or fCcDNE
Thm If fhasalocalmaxorminatcthencisacriticalnumberoff
TheClosedInternalMethodTofindtheabsolutemax'sminvaluesofacontfn fonaclosedinterval ab
1Findthevaluesoffatthecriticalnumbersoff inCab
2Findthevaluesoffattheendpointsoftheinterval
3Thelargestofthesevaluesistheabsolutemaxandthesmallestistheabsolutemin

42TheMeanValueTheorem
Rolle'sThmLetfbeconton ab anddiffbleonCab st fla f b Then Icelab st f c 0
MeanValueThmLetfbeconton ab anddiffbleonCab ThenIcelab st f c ftp.afca
Thm If f x 0 Txelab thenf isconstanton ab
Con If f x g x Txelab thenf gisconstantonCab thatis f x g x cforsomeconstantc

4.3DerivativesandtheShapesofGraphs
IncreasingDecreasingTest
a If f x 0onanintervalthenfisincreasingonthatinterval
b If f x aOonanintervalthenfisdecreasingonthatinterval

TheFirstDerivativeTestSupposethatcisacriticalnumberofacontfn f
a If fchangesfrompositivetonegativeatcthenfhasalocalmaxatc
b If fchangesfromnegativetopositiveatathenfhasalocalminatc
c If fdoesn'tchangesignatcthenfhasnolocalmaxorminatc
Ifthegraphoff liesaboveallofitstangentsonanintervalI thenfisconcaveupwardon I If itliesbelowallofits

111 they
isconcavedownwardon I CcmandCod

ApointPonacurvey f x iscalledaninflectionpointoff if fiscontthereandthecurvechangesfromcoptoCcd

ConcavityTest
a If f x Oforall xe I thenf isCCPon I
b If f x a0forall xEIthenf isCCdon I

TheSecondDerivativeTestSuppose f iscontnear c
a If f c Oandf c 0thenfhasalocalminatc
b If f c OandfcoaOthenfhasalocalmaxatc

4.4CurveSketching

B InterceptsThey interceptisf o Tofindthex interceptssety 0andsolveforx

mmmm
CSymmetry

ii If fl x f x AxeDthenf isoddsoitsgraphissymmetricabouttheorigin
iii If f x p f x AxeDwherep Othenfiscalledaperiodicfunctionwithperiodp

D Asymptotes
i Theliney Lisahorizontalasymptote ifLikf x Lorlimof x L
iiThelinex a isaverticalasymptoteiflikef x In ordidf x I a
EIncreasing Decreasing UsetheIncreasingDecreasingTest
FLocalMaxMinValues FindthecriticalnumbersoffthenusetheFirstorSecondDerivativeTest
GConcavity'sInflectionPointsfindtheinflectionpointsoff wheref x 0 thenusetheConcavityTest



45OptimizationProblems
Steps
1 Understandtheproblem
2Drawadiagram
3 IntroducenotationLetQbethequantitytobemaximizedminimizedandassignsymbolstootherunknowns
4ExpressQintermsoftheseunknowns
5RewriteQintermsofonevariable
6findtheabsolutewaxonminvalueofQ

FirstDerivativeTestforAbsoluteExtremeValuesLetcbeacriticalnumberofacontfufdefinedonaninterval
a If f x 0forallxccandfG20forally cthenflo istheabsolutewaxvalueoff
b If f x coforallxccandf x 0forallx cthenflo istheabsoluteminvalueoff

Revenuefunctionforsellingxunitsatpricepx isRx xp x
ProfitfunctionisPG RG Cx

4.7Antiderivatives
AfnFiscalledanantiderivativeoffonaninterval I if F x f x VxEI
Thm If Fisanantiderivativeoffonaninterval I thenthemostgeneralantiderivativeoffon I is f x Cforconstantc
Formulas
Function Antiderivative
ofx CFx
FG glx F x G x
x n t D E
I inlxl
et e
cosx sinx
sinx cosx
seex tanx
secxtunx seex
ie sin x
in tan x
coshx sinhx
sinhx coshx


