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Cobes Crad St
Limits

Precise Definition : We say lim f(x)= L if
for every ¢ >0 there is a & > Osuch that
whenever O<fe=af< 8 then [f{x]=£]<e.
“Warking™ Deflaition : We ssy lim / (x)= L
i we can make f(x] s close 10 £ a5 we wani
by taking x sufficicly close to.a (on cither side
of o) withou letting x=a.
Right hand tdt: L /()= L. This bas
the same definition as the limit cveept it
requires £

ettt Vit : i ()= L. This b the
came definition as the limit except it requires
xea.

Relationship between
lim flx)=E = &f{x]-}ﬁh;f(a]-!

Limit ot Infinity : We sy lim £ (x) = L if we
can make ((x) as close o L as we want by
taking « large cnough and positive.

There: is a similar definition for tim f{x)=L
exoept we require x large and negative.
Infimite Limid : We say i f (x)=n ifwe
canmake f () arbitrarily large (and positive)
by taking x sufficienly clase b o (on cither side
of a) without lesing = .

Ther i a simila definition for lm /() =~
except we make f(x) arbitrarily large and
mgative.

and oac-shbed limits
Jim flat-!g_t[x}-( = fim fx) =t

i (1) = fim 7x) = Jin £x) Does Not Bt

Propertics.
Assume fim £ ¢) and fimg (x) both exis and cis any auraber them,

1. timfef (x)] = ctim £ {.x)
2. tf f{xhe g {x)]=lim () tima(x)
3. tim[ fixdgix)] = tn s (x) imgix)

i h[ﬂﬂ]_m provided fimg(x) 0

&(x)] Hmeix)

sl (] = im (9]

[T ] = fim T Co)

Basic Limit Evaluations at + =
Note - sgnfa)=1if a >0 and sgi(a)==1if g <0,

L lime’ == & lime' =0
= =y
2 tmba(r=n & limla(s)=—x
% Hnom_!%-u
4. If >0 and t"is real for negative x
hen i, 20

S meven: fim xt =

6 wodd: Ef:n& 'Igl-f=~u

7. meven: lim ax' 4o vbricesgn(a)
S modd: lmas’ +otbrscmsglale
9. wodd: fim ax' +-rcxed «-sgniale
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Calcuios Chand Shaw|

Exirema
Abaslute Extrema Relative (local) Exirema
. x=igan absabube maximam of [ 1) 1. x=¢ 1% anrclatve (or local) maximum of

Fle)if Flebe Flx] for sl @ nes
il o)z | x)lorall ¥ in the domain : G il
N

v o= 1% 8 relative (or local) manimum ol

2. xw= s an abselwle mymnamium of F{x] Ay
Flx) el fie) F{x] for sl © negr
1WErS R E :||-II.‘ all ¥ in the domain
1" Derivative Tesd
. o
Fermat®s Theorem IT & =¢ 853 cevbical poami ol Fix ibicn 5 =¢ i
LE Flx) heks @ petanve [or lecal b exviedamsa &t P
1. a rel max. of f{x] of /' [x}>{ 10 the lel
r =, then x = is a critical point of [ x) !
of xmy @nd | x)< O tothe rght of 5=y
r - ] | i, af 171 b < O iothe be
Fxtrems YValae Theaorem e A Pelomam. 0f Flx)i | X} 16 Rl BEL
I (a1 conamudus on the ¢losed interval of r= camd £ x) > 010 the right of x =
']
_u'_l'"| ihen there exisl numbers © and o o that . ool & relabve extrema ol Flx) of 7l x)f 15
lhascd 2k,  flc) &b abs max. @ the sxmie SLEm on bath ssdes af x =

Iu’_l"]_ 3. Flaf) i the abs. miEm. in I..'_lll] :..i Derivative Test

If & =¢ 855 comiical poanl of F {x] s Iy ihat

Finding Absolute Exirema

: Telm O the
To find 1he absolute extrema of the comtimmias el then v

r
fumction f{ 1] oo the micrval ||f.l"] usc the 1. =& relanve mdsammimm of [ x) ol |'r||_ [
Fllowing procass ¥, s o relotive mdmimmm of £ x) of § *ej=m
I ] i } { l -'||

b FIRGAR onboal posnis of S £] 18 18 1. miay be a relative maximum, felative

Evaluate F([x ) at all pornts found m Sicp | muiminue, or getlber sl F o) =10

3. Evaluate J o) and f{i)
Finding Helative Extrema sndsr

4. Ildentify the abs. mox, | largest function
Classify Critleal Polnix

valie) apd ike ahs, min, i smallest anciion
value) from the evaluations in Steps 2 & 3. 1. Find all cnbical pounts of fix)
o LUl the 1™ derivative tesd oF ibe X !

deryvadive st on -\;,lu_". cribead (R

Mean ¥Valae Theorem
If ¥|x} 5 conbimuaws on the closed interval |..-_|'-| and differemtiable on (e open imerval [, 5)

i Fids)=f {a]
ihen there 12 anumber a<c<bd suchthat c) .'—
1] IIl

Sewton's Method

a 1
I x is the o guess for the mootsolution of F{x)=0 then (m+ 1) guess is & K = —

provided f°|x ) exists
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= Lifwe xax. forevery e > 0 there is a d > 0 such that can make f ( x ) as close to L as we want by whenever 0 < x-a <dthenf(x)-L < e. taking x large enough and positive. Working Definition : We say lim f ( x ) = L There is a similar definition for lim f (x ) = L. x a x - . if we can make f ( x ) as close to L as we want except we require x large and
negative. by taking x sufficiently close to a (on either side of a) without letting x = a . Infinite Limit : We say lim f ( x ) = if we x a can make f ( x ) arbitrarily large (and positive). Right hand limit : lim+ f ( x ) = L . This has by taking x sufficiently close to a (on either side x a the same definition as the limit except it of a) without letting x = a . requires x
> a . There is a similar definition for lim f ( x ) =.2 X a Left hand limit : lim- f ( x ) = L . This has the x a except we make f ( x ) arbitrarily large and same definition as the limit except it requires negative. x 0 andsgn(a)=-1ifa<0.31l.limex=&limex=05.neven:limxn=.xx-x.2.limIn(x)=&limIln(x)=-6.nodd:limxn = &limxn =
-.xX0+xx-.3.Ifr>0thenlimb=07.neven:limax+L+bx+c=sgn(a).nx.xrx.8. nodd:limaxn+L+bx+c=sgn(a).4. Ifr>0andxrisreal fornegativexx.bthenlimr=09.nodd:limaxn+L+cx+d=-sgn(a).x-.x-x Visit for a complete set of Calculus Notes . 2005 Paul Dawkins Calculus Cheat Sheet Evaluation
Techniques Continuous Functions L'Hospital's Rule If f ( x ) is continuous at athenlimf(x)=f(a)f(x)0f(x).xalIflim = orlim =then,xag(x)0xa g (x).Continuous Functions and Composition f ( x) f (x). f ( x) is continuous at b and lim g (x) = b then lim = lim a is a number, or-.xag(x)xag(x).xaxa(xa). limf(g(x))=flimg (
x ) = f (b ) Polynomials at Infinity p ( x ) and g ( x ) are polynomials.4 To compute Factor and Cancel p (x). limx2 +4x-12. =1lim(x-2)(x+ 6)lim x g ( x ). factor largest power of xinqg (x)outx2x-2x2x2x(x-2).of both p(x)and q (x) then compute limit. x+6 8. = lim x 2 x = =4. Rationalize Numerator/Denominator 2. lim 3x 2 - 4. = lim 2
5.().x23-42.x3-42. =lim5x=-3.3-x3-x3+xXxx-5%x-2%x2Xx-X().x-2.x-.x-22.1lim 2 =lim 2 Piecewise Functionx 9x-81x9x-813+xx2+4+5ifx<-2.=lim9-x=1lim-1limg(x)whereg(x)=.().(x-81)34+xx9(x+9)3+x()1-3xifx-2.x-2.x9 2. Compute two one sided limits, -1 1 lim-g(x) =1lim-x2 + 5 =9. = =- (18)(
6)108x-2x-2.limg(x)=1im+ 1-3x = 7. Combine Rational Expressions x -2+ x-2. 111 1 x- (x + h) One sided limits are different solim g (x).lim-=1limx-2. hOhx+hxhOhx(x + h) doesn't exist.5 If the two one sided limits had been equal then lim g ( x ) would have existed 1 -h-1 1 x-2. =lim=lim=-hO0Ohx(x+h)hOx(x+ h)x2
and had the same value.. Some Continuous Functions Partial list of continuous functions and the values of x for which they are continuous. 1. Polynomials for all x. 7. cos ( x ) and sin ( x ) for all x. 2. Rational function, except for x's that give division by zero. 8. tan ( x ) and sec ( x ) provided 3. n x (n odd) forallx. 3ppp3pxL,-,-,,,L. 4. nx (n even)
forallx0.2222.9.cot(x)andcsc(x)provided5.exforallx.6.Inxforx>0.xL,-2p,-p,0,p, 2p,L. Intermediate Value Theorem Suppose that f ( x ) is continuous on [a, b] and let M be any number between f (a ) and f (b ) . Then there exists a number c such thata < c <band f(c ) = M. Visit for a complete set of Calculus Notes . 2005
Paul Dawkins Calculus Cheat Sheet Derivatives Definition and Notation f (x + h) - £ ( x).6 If y = f ( x ) then the derivative is defined tobe f (x) =1lim . h 0 h If y = f ( x ) then all of the following are If y = f ( x ) all of the following are equivalent equivalent notations for the derivative. notations for derivative evaluated atx =a . df dyd dfdy f(x) =y =
==(f(x))=Df(x)f(a)=yx=a===Df(a).dxdx dx dx x =a dx x =a Interpretation of the Derivative If y = f ( x ) then, 2. f ( a ) is the instantaneous rate of 1. m = f ( a ) is the slope of the tangent change of f (x ) atx = a .linetoy = f(x) at x = a and the 3. If f ( x ) is the position of an object at equation of the tangent line at x = a is time x
then f (a ) is the velocity of givenbyy =f(a) + f(a)(x-a) . the object at x = a . Basic Properties and Formulas If f (x ) and g ( x ) are differentiable functions (the derivative exists), c and n are any real numbers,d 1. (cf)=cf(x)5.7(c) =0.dx2. (fg)=f(x)g(x)6.dn(x)=nxn-1 Power Ruledx 3. (fg)=fg + fg Product Ruled 7. (). f(
g(x)=f(g(x))g(x).ffg-fgdx4. = Quotient Rule This is the Chain Rule g g2. Common Derivativesdddxdx (x) =1.dx(cscx)=-cscxcotxdx(a)=axIn(a).dddxdx(sinx)=cosxdx(cotx)=-csc2xdx(e)=exddldl.dx(cosx)=-sinxdx(sin-1x)=.dx(Iln(x))=,x>0.x1-x2.ddl.dx(tanx) =sec2xd(cos-1x)
=-1l.dx(lnx)=x,x0.dx1-x2.dd1l.dx(secx)=secxtanxd(tan-1x)=.1.dx(loga(x))=.xIlna,x>0.dx 1 + x2. Visit for a complete set of Calculus Notes . 2005 Paul Dawkins Calculus Cheat Sheet Chain Rule Variants The chain rule applied to some specific functions. 1.ddx ()n-1.f(x)=nf(x)f(x). n5.ddx().cosf(x)=-f(x)
sinf(x).82.dxe(.df(x).). =f(x)ef(x)6.ddx().tanf(x)=f(x)sec2f(x).f(x).d3.d(Inf(x)=)7.(sec[f(x)])=Ff(x)sec[f(x)]tan[f(x)]. dxf(x)dxdf(x).4.d().sinf(x)=f(x)cosf(x)8.(.tan-1f(x)=).1+f(x).2.dxdx Higher Order Derivatives The Second Derivative is denoted as The nth Derivative is denoted as
d2fdnff(x)=f(2)(x)=2andisdefinedasf(n)(x)=nandis definedasdxdxf(x)=(f(x)), the derivative ofthe. ().f(n)(x)=f(n-1) (x), the derivative of first derivative, f ( x ) . the (n-1)st derivative, f (n-1) ( x ) . Implicit Differentiation . Findyife 2x-9y + xy =sin (y ) + 11x . Remember y = y ( x ) here, so products/quotients of x
and y 3 2. will use the product/quotient rule and derivatives of y will use the chain rule. The trick is to differentiate as normal and every time you differentiate a y you tack on a y (from the chain rule).9 After differentiating solve fory .e2x-9y (2-9y)+3x2y2+2x3yy=cos(y)y+11.11-2e2x-9y-3x2y2.2e2x-9y-9ye2x-9y+ 3xy
+2xyy=cos(y)y+11.223.y=3.2xy-9e2x-9y-cos(y).(2xy-9ex32-9y-cos(y))y=11-2e2x-9y-3x2vy 2. Increasing/Decreasing Concave Up/Concave Down Critical Points x = c is a critical point of f ( x ) provided either Concave Up/Concave Down 1. If f (x ) > 0 for all x in an interval [then 1. f(c) = 0 or 2. f( ¢ ) doesn't exist. f
(x) is concave up on the interval I. Increasing/Decreasing 2. If f (x ) < O for all x in an interval I then 1. If f (x ) > O for all x in an interval I then f ( x ) is concave down on the interval I. f ( x ) is increasing on the interval I. 2. If f (x ) < 0 for all x in an interval I then Inflection Points x = c is a inflection point of f ( x ) if the f ( x ) is decreasing on the
interval I.10 Concavity changes at x = c . 3. If f (x ) = 0 for all x in an interval I then f ( x ) is constant on the interval I. Visit for a complete set of Calculus Notes . 2005 Paul Dawkins Calculus Cheat Sheet Extrema Absolute Extrema Relative (local) Extrema 1. x = c is an absolute maximum of f (x ) 1. x = c is a relative (or local) maximum of if f (¢ ) f (
x ) for all x in the domain. f (x)if f(c) f(x) for all x near c. 2. x = c is a relative (or local) minimum of 2. x = ¢ is an absolute minimum of f (x ). f(x)iff(c)f(x) forall x nearc.if f(c) f(x) for all x in the domain. 1st Derivative Test Fermat's Theorem If x = c is a critical point of f ( x ) then x = c is If f ( x ) has a relative (or local) extrema at 1. a
rel. max. of f (x ) if f (x) > O to the left x = ¢, then x = c is a critical point of f (x) . of x = cand f ( x ) < 0 to the right of x = ¢ . Extreme Value Theorem 2.
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