

























ChplFunctions Limits

it functions'sTheirRepresentations
Afunctionf is arulethatassignstoeachelementxeDexactlyoneelementfx EE thesetDisthedomainofthefuneti
Therangeoff isthesetofallpossiblevaluesoff x
Anindependentvariableisasymbolthatrepresentsanarbitrarynumberinthedomainofa fn f Adependentvarisasymboltha

representsa intherangeoff
If fisa fr wfdongupinDthenitsgraphisthesetoforderedpairs lxfx xED

a findthevaluesoffldandf s
f 1 3 f s II h s bWhatarethedomain'srangeoff
Domain x010,7 rangeFL 2,4

Fourwaystorepresentafuverballynumericallytablevisuallygraph algebraically formula
Verticallinetest acurveinthe yplaneisthegraph fafnofa Iff noverticallineintersectsthecurvemorethanon
iecewisefunctionsaredefinedbydiffformulasindiffpartsoftheirdomains
Ex f x i findfLo 1 sf 2andsketchthegraph

f I I I O

Exabsolutevalue lat StretchthegraphoffG la1

e

ExstepFns f x x

T

Afunctionf isanevenfunctionif f x flyforeverynumberx initsdomainGmphsymmetricwFityaxis
Ex f x x isevenblefl x x f x
Afunctionf is anoddfunction if f x f x foreveryx initsdomainGraphsymmetricabouttheorigin
Ex fl x isoddbc fl x t x x f x
ExDeterminewhethereachisevenoddorneither
a f x xsix
f x Gx x x x f x Odd
b g x l x
gf x l l x l x gx Even

o b x 2x x
inl x J t x 2x x Neither

Afunctionf isincreasingon aninterval I if f x cf x wheneverx ex in I
Afunctionfisdecreasingonaninterval I if f x fixa wheneverv ex in I



1 ACatalogofEssentialfunctions
Mathematicalmodel amathematicaladescriptionofarealworldphenomenon IidedicationSteps
1 Identify'snameindep'sdepvarsmakeassumptionstosimplifyphenomenonObtaineystorelateus formulate
2Solveapplymathtothemodeltoderivemathematicalconclusions
3Interpretinterpretconclusionsasinfoabouttherealworldphenomenon
4Testcheckourpredictionsagainstnewrealdata Iftheydon'tcomparewellweneedtorefineorreformulatenow

If yisalinearfunctionofxthenthegraphisalinesowecanuseslopeintercepttorntowriteitasyaflx mxtb
Ex aAsdryairmovesupward itexpands'scools Ifgrounditempis200C'stempatheightof1hmis100Cexpressthetemp
TCC as afnoftheheighth kmassumingthatalinearmodelisappropriate
Wehave2points10,20and 110 Stopeme2819 1 10Sois20 10ho T 10h20
b DiggwgraphWhatdoestheslopeispresent

slopeofme 10001kmrepresentstherateofchangeoftempw rt time
c Whatisthetempataheightof2.5him
I 28 1012.57 20 25 20 50C

AfunctionPiscalledapolynomial ifPHi anx tan x t asx ta xtaowhereneINandao anare
constantcoefficients

Thedomainofanypolynomial isIR
Iftheleadingcoeffan Othenthedegreeofthepolynomial is n

ExPx 2x x 3 31G isa polynomialofdegree6
Alinearfunctionisapolynomialofdegree1
Aquadraticfunctionisapolynomialofdegree2 w formPx ax bxto Itsgraphis aparabolaobtainedbyshiftin
theparabolayear Theparabolaopensupwardif a 0anddownward if aco
Acubicfunctionisapolynomialofdegree3 w formPx ax by extd
Apowerfunctionisafuoftheformf x x wherea isaconstantCases

it a n nED
ii a n neZ
iii a I reciprocalfu

Arationalfunctionf isaratiooftwopolynomials fx 8
Domainconsistsofallvaluesofx st Qx 0

Trigonometricfunctionsinvolvesincostanuseseecotontheirinverses
BothsinecoshavedomainIRandrange 1,11Sota IEsinx Eland Itcosx El orIsinx ElandIcostEl
Thezeroesofsineoccurattheintegermultiplesofit sosinx 0whenx inx no7
Sineandcosineareperiodicfnswperiod2hsotx sin x2h silox andcosx 2ti cosx
Tangentfutuns II undefinedinhercosx 0 x t's135 RangeisIRPeriodisti tank tistunx Vx
Cosecantsecantandcotangentarereciprocals
Exponentialfunctionshaveformf x a wherea is apositiveconstants
Inverseofexponentialfinsarelogarithmicfunctionsf x loga x wherethebasea isapositiveconstant
Translations If cispositivethenyaf x t c isjustyafx shiftedupbycunitsandy f x c isyafx shiftedrightb
stretching If a 1theny cf x isy f x stretchedverticallybyafactorofc
Reflecting ge f x isyaf x reflectedaboutthexaxis
Samdiffoffns ftg x f x tgx and f g x f x gx
If fhasdomainA'sghasdomainBthenftghasdomainAnB



Productquotientoffns fg x f x gx and f x f
domainoffgisAnB
DomainofIgis xEAnBlgx 03

Giventwofunctionsfandgtheircomposition isdefinedbyfog x flyx
Domainoffogisthesetofallx inthedomainofgst g x isinthedomainoff

3TheLimitofafunction
DefSupposefx isdefinedwhenxisnearaThenthelimitIifaf x Lifwecanmakethevaluesoff x arbitrarilychoseto
bytakingxtobesufficientlyclosetobutnotequalto
Wewritelikef xal'ssaythelefthandlimitequalsL ifwecanmakethevaluesas fxarbitrarilyclosetoLbytakingxtobe
sufficientlyclosetoaandxca
Defletfbeafndefinedonsomeopenintervalthatcontainsthenumbera exceptpossiblyaitselfThenthelimitLikafx
ifHE OFdOstOchakd f x LLE

AcalculatingLimits
in itlawssupposecisaconstant'sIsafG eIsagx existThen
1 Ikafflx gx Ibafx Imagx
I Likaf x gx Iihfx Likagx
3Likacf x cIbafx
4 I IfGgx Ibafx Likagx5IbaFEKEEFE ifIragx 0
6Isaf x IbafG whereneE
7 Ihac c
8Ibax a
9Linax a wherenel
10IsarFinawherenet
I1IGNATIEFFwhereneZ

DirectSubstitutionProperty iffisapolynomialorarationalfinandaisinthedomainoffthenIkaf x fla
ThmLikaf x L Iff Baf x L Iibatf x
Thm If f x egxwhenx isneara exceptpossiblyata andthelimitsoffigbothexistasx athenIifaf x EIagx
queeneThm iff xEgx Ehxwhenxisnearaexceptpossiblyata andIbafx Ibahlx LthenHaagx L

5Continuity
Afunctionfiscontinuousaita if IihfGaflat
3implicitrequirements
1 f a isdefined soaisinthedomainoff
2 IIIIaf x exists
3IsafG fla

Afn f iscontfromtherightata ifIsmaifGaflatandfromtheleftifIsmaf x flat
Afn fiscontonaninternalifit'scontateverynumberintheinterval
Thm Iff'sgarecontataandcisaconstantthenthefollowingfinsarealsocontata
1 ftg
2 fg



3 of
4fg
5Egifgla 0

Thm aAnypolynomialisconteverywhere on it
bAnyrationalfuiscontwhereverit'sdefined lonitsdomain

Thm Polynomialsnationalfursrootforsandtrigfursarecontatevery intheirdomain
Tim If fiscontatbandIbagx bthenIbaflyx f b InotherwordsIbaflyx fLikagx
Tim If giscontataandfiscontatgladthentog iscontata
IntermediateValueThm supposethatfiscontonLab andletNbeany blw fla sflbwhereflat flb
ThenFoelab stFlo N

6LimitsInvolvingInfinity
Iaf x nomeansthatf x approaches n as xsa
heline a is averticalasymptoteofyaf x ifatleastoneofthefollowingistheInsaflx x Ismaf x no
Likef x noIsafx e noLikaf x no Ianf x no

Theliney Lisahorizontalasymptoteif Iikf x LorInsafG L
If nisapositiveintegenthenfinsIn OandIsnIn 0
Defletfbea fudefinedonsomeopenintervalcontainingaexceptpossiblyaitselfThenIsuf x nmeansthatfor
everypositive Mthere'sapositive dst Oclxalcd f x M

Defletfbedefinedonsomeinterval a o ThenIngf x LmeansthatHE 0 INst x N If x LtcE
Jefletfbedefinedonsomeinterval a a ThenIihfx nomumsthatVM 0 INS.tx N f x M


