
AP Calculus Formula List to Review for the AP Exam

Few Tris Identities Useful for Integration:
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LogarÍthmic Properties from PreCalculus : ktan = nlna (power rule)

ln(ab) =lna +1nb

nr1l:lna-lnå'b'

log¡" x=-PI = lot"
ll1 c log" c

(change of base formula)

Limits: If f (x) becomes arbitrarily close to a
single number L as x approaches c from either
side, then the limit of/(x) as x approaches c is Z

The limit of a function does not exists if
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Right Limit +Left.Limit Unbound Behavior (Vertical asymptote) Oscillation

<-x-- L
Findins Limits Aleebraicallv

For continuous functions iimit value as x approaches c and function value at c are the same. Therefore the limit
of continuous functions can be found easily by substitution.

For functions with a hole (when substitution giu". 9) use 1) factoring out and simplifying
0'

2) Rati onal ization (radic als)

3) Carrying out the required algebra
(common denominator, add, subtract.etc)

c

L'Hrpjfal's R.ule for findiugl-imifg

\\,'hen substitution giu*, !o,' A 1ind"t..*inate forrirs) L'Hopital's Rule canbeappiied.Cæ



rr r,n /('] : 9or2 then ,,_,, g(x) 0 æ
tt- 'f(x) : 'f '(c)

(Can be applied repetitively)
'*" g(x) g,(c)

The limit of the ratio equals to the limit of the ratio of the derivatives ( no quotient rule!)

Limits at Infinity: ( l-q"f(x) is asking the horizontal (or generally end-behavior) asymptote ofthe function.

Power Rules from PreCalculus can be used f (x) + degree:n
g(¡) + degree:m

If n < m ! = 0 is the horizontal asymptote, therefore limit is 0
If n = m ! : c (TÏrc ratio of the leading coefücients) is the horizontal asymptote, therefore limit is c
lf n>n No horizontal asynptote, Limit does not exist (Function values approach to oo or -æ , notto a finite number)

Infinite Limits: [f lirn fl-rl = *æ of l"q /(") = tco then f(x)has a vertical asymptote at x:c

3 Special Limits: l. lim
(m

2. firy1-cot* =o (or lir4co"t-1=g¡
-r-+0 )C ' ¡-+0 X

3. fim1t +1¡'n-ra n
e

)

Defïnition of coNTIItlrJrTY: ;f is continuous at c iff l. f (c) is defined

2. hmf (x) exists
x-+c' 3.f(c):limf(x)

t--tc

Limit Definition of the Derivatíve¡

.f (x+h)- f(x)f'(x)=m
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f (x+h)- f (x-h)
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Names and Notations for the Derivative: Á(

Slope, slope of a curve,sfope ofthe tangent line, rate of change, instant rate of change, instantaneous rate of
, df (x)

t-
dx

change, f '(r), dy

dx

t

v



Averase Rate of Chanse : ( Slope of a Secant Line)

Average rate of chang e of f(x) on [ab] : f (b)- f (a)
' b-a

{ ¿rl

+ (^)
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Mean V¡lue Theorem (MVT) :

If f (x) is continuous on [a,b] and differentiable on (a,b)

then ttrere exists at least one number c on (a'b) such that
slope of the tangent line at c equals to the slope ofthe
secant line passing through the points a and b

çtb)

l(")

ItCa.

Rolle's Theorem : (Special case of MVT)

If f (x) is continuous on [ab] and differentiable on (a,b)

and if f (a): f (b) thenthere exists at least one number c

on (a,b) such that f '(c) --0

.{ (a)=

bca.

Intermediate Value Theorem:

If f .is continuous on [ab] and /r is any number between

f (a) and f (b),then there is at least one number c on (ab)
such that f (c) = k

lcv)
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Derivative of the Inverse of a Fu4ction:

Point on f Point on /-r
(a,b) (b,a)

(a'b)

-ft(b)'=h
Y=\/

DIF'FERENTIATION RULES

ftfa=o ftV'l=v1¡n-t 
(power) 

frf*l=uv'1+vu' 
(product) *rît:t? (quotient)

fttf <r<rl)l= f '(e(x))'g'(x) or
ftrr<">l= f '(u).u' Chain Rule
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INTEGRATION RULES

dx=x*c lur=la+c JJ

! cosu du =sinz+C

J
secz u du--tatu+C

f secu tarLu du = secu + C

ltuou du = -lnlcosul+ C

!r"u du=lnlsecz + tanul+C

JcsC " 
clu ---cotu+C

!"s"ucotu du=-cscu+C
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Properties of Definite Inteqrals:
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DefinÍtionof aCriticalNumbef : Letf bedefinedatc."c"isthecriticalpointoffif f'(c)=0 or f'(c)=Q

I't Derivative Teqt : (To find the relative extrema)
Let c be the critical point of the function that is continuous on an open interval containing c.

f(c) is arelative min.off if f': (-)-+(+) f(c) is arglativç max.off if f': (+)+(-)
g={ | v=+/
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2od Derivative Test : (Io find the relative exFema)
Let f be a function such that f '(c) = 0 and second derivative of / exist on an open interval containing c.

f(c) is arelatiVé iniñ.off if f"(c)>0 f(é) is aiêlatiVe riráx.off if f"(c)<0

{'=ol" +
(If f "(c):0, the 2nd derivative test is inconclusive. You need to use ls derivative test then)

4'=-
f " -. r.r.-

c?



Absolute Extrema : (Extreme Value Theorem)

If function / is continuous on a closed interval [a"b], then f has a highest value (abs. mær) and lowest value
(abs. min) on this interval. Absolute mrü. or min. value of a function can be either at the end points or at the

critical points (f ':O or f '=Ø) of afirnction.

-Find the critical points - Evaluate f at the critical points and the end points - Compare the values of f and decide

Concavitv;

Concave Up: ,f is t-¡ - f is ,Z - ¡ " is (+)ive - tangent line is below the curve of /

ConcaveDown: / is n - f is \ - /"is(-)ive-tangentlineisabovethecurveof /

InflectiqnPoint: Afi¡nctionf hasaninflectionpointat c if f"(c)=0 orundefined

such that atÍ: c f changes concavity ----f 'changes from ,V /o \ or vice versa /" changes sign

Taneent Line AnproxÍmation : (I-inearization)
4r")

"r??
-Write the equation ofthe tangent line at the given point. ! = ffi,s(x - \)+ yt

-Plug in the x value of the nearby point into the equation I

I ç(v)
Averase Value of a Function : ./-s b-a )drc
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FUND'AMENTAL TIIEOREM OF' CALCIJLUS:

h

J
a

f '(x)dx= f (b)- f (a)

(FTC Partl)

d
úc

f(t)dt =f(x) *"1' ,urdt =f (s@))s'(¡)

(FTC Part2-vrith chain rule)Partz)(Frc

MOTtrON:

If an object moves along a straight line with position function s(t) , then its

Position: s(r) Velocity: v(t)7s'(/)
(Speed: lv(rï )

g =V({l

Acceleration : a(t) = v'(f) = s "(l)

01 '- a¿¿: '
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'When velocity is (+)íve particle moves -+ or1, when velocity is (-)ive particle moves <-or I

Particle speeds up when velocity and acceleration have the same sign.

Particle slows down when velocity and acceleration have the opposite signs.

Displacement (Change in Position) from /, to f, :

Total Distance Traveled from /, to t, : lv@dtl

Area Between Two Curryes:

v(t)dt
l2

f
lr

l2
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Vertical Slicing:

b

t= [ f{*)- s@)e I
Horizontal Slicing:

d

t=[ftÐ-so)dy
å
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upper lower

On each subinterval ,

LRAM uses the y-value of the left x'value as the height of the rectangle ,q.=>,.f,"r .M

I\RAM uses the y-value of the middle x-value as the height of the'rectangle A=lf,,o.M
RRAM uses the y-value of the right x-value as the height of the rectangle A=lfn*,.Lr

TRAP uses the areas of trapezoids 1=7,(l"r +-fnø') 
' *L¿2

As the nunber of subintervals increase (as n+ co or as Áx -+ 0 ) , the error involved in each approximation
decrease and we calculate the actual area

I I I
left

I
right

vq.

,ipf,t,.Ltc :i"tor^

Volumes of Rotations : ( DISK or WASHER methods)

Qo@))' -(r,(x))2 dx (Axis of rotation is a horizontal line)

b

, ="[
b

, ="[
d

,:"[

(r(x))2 dx (Axis of rotation is a horizontal line) -- tt : r[?Q)'7dy (exisof rotation is a vertical line)

(r"(y))' -(r,(y))'dy(Axis of rotation is a vertical line)



V

Volumes of Solids of Known Cross Sections:
The base of the solid is the area between given curves.
Cross-sections perpendicular to x-axis ( or y-axis in some prbs.) are known geometric shapes .

Senarable Differential Equations :(Special case : Exponential Growth or Decay Models)

" Rate of Change of y is proportional to y " + Means
dy

dt
lcy

dy
=w if k is (+)ive :GROìVTH if k is (-)ive :DECAY

dt
I _v

C c
t t,

!=CeM

A(y)dy where A is the cross sectional area written in terms of the given functions.
d

v=[or)dxxA(
b

I

þr=[rat
lnlyl= t6 ¡ t
y=eþ*" =eþ'e"

ti



lìepg¡,¿r't le Diffirential Equ : (Special Case : Loeistic Model)
F.

#= kP(L-P) L

Where L is the carrying capacity.

t*¿ftl = z (no matter what the

Po

P<L P>L

dt
+0 dt

{- oo*"fastest ( slope is highest) when P =+ because {=wt-kPz - +=)I'-2A:P =k(L-2P)=g
dt 2 --- --- dt dt'

When L=2P or P =L
2

INTEGRATION TECHNIOUES:

l) Lr-substitution (indicators : there is an inner function, u, such that its derivative is also in the given integral)
Try this method fist since it is the simplest one

2) Integration by Pørts ( inilicators : the given integral is a product of any two of log., trig., polynomial. exp., or

inverse trig functions)

ludu=tw-ÍvduJ J Selection of lJ

I I Log-Inv.trig-Polyn.-Etp.-Ttig
Complicated Simpler

3) IntegratÍon by Pørtíal Fractions (indicators: integral is in fraction form where denominator is .factorable)

4) Improper Integrøls (indicators : one or both limits of integration is oo , or fr:nction in the integral has a

vertical asymptote wíthin the given limits of integration)

ARC LENGTH

J (r-)
db

L-= I

t2

L-[
ll

+1Ð¡'ax=
dx

I cw"r.to Jr (-€, )

12

2
)'

dy

dt
(irr Parametric Form :

+ dt

ra



PARAMETRIC X'TJNCTIONS

Given x(r) and, y(t), ttre slope of the tangent line to the parametric curve is dy- 
=

dx

( When 4 ,, zero,tg.line is horizontal and when 4 " 
zero tg.line is vertical )\ " ----- dt

dy

dt
dx

dt

d'y d dy ofthe Itt
. ,tu

vatlve / 
-

YECTOR VALUED FUNCTIONS ( Vectors in a plane region)

Given the position functions x(r) and y(t),

position Vector' 31r¡ = (x(t),y(t)) Velocitv Vector ,içr¡ = (x'Q), y'(t)) Acceleration Vgctor, oçt¡ = (x"(t), y"Q))

Distance Traveled by the Particle: (r'(t))' + (y'(t))' dt 111isis rhe arc lengrh in pararnetric form)

Speed (*'(t)' + (y'(t)' (This is the magnitude of the velocity vector)

POLAR F'INCTIONS:

dt

l2

L=l
1t

x = rCos9

! = rSin9

lcz +y2 =y2

tÃn1--L-+0=arctanlxx
fU¡ojætalPcfiar-Çut¡æg r' = a2sin(20)

1
v

W---t-.-
x

rr.= a2Cos(20)

( Product rules applied in the n¡rmerator & denominator)

4

dy
in Polar Form :

dx

¡þ¿a of a Polq{Bçeitrn

dr
Note:

d9

ö(
Qz-

da'n =+'i"
-0,

Q,
ol r-i

is (+)ive rîaãrLS t' ,,v and the polat curve mol/es arvay fi:om the origin

+ is (-)ive rnea.ns r \r and the polar ourve m.oves towards the origin
d0

u=+'iro'-r,'do
"s 9,



:I'AYL-O"R POLY¡{OMIAIÅ( centered at c )

T.(x) - .f (c)+ f '(c)(rc-c) (* - ")'
f(", (") (* - n)'(x-c)3 +

n!

MACL@ (Taylor Polynomials centered at 0 )

r(¿)znrJ' ll/ r\\ .1'iltll\\

( These can bo maniPulated)

I l+ x + x' + xt +.......xn +.....
I-x

P,(*) - f (0)+ f '(0)*i+x' +1.' *-...t 
;1"' 

*

Ë
n=0

2n+lx

nx

Sinx )"
Qn+1)l

G-PQN4E'TRIC ÅERIES

a.+ ãr + arz + art +......,.+ ar" +.....

^S

a
the series is conven'gent (i.e. the sum exists), The Sum iq I-r

35x-x
- 

y_-.-I
-,^¿ | """"3! 5!

I(I
n=0

--2 --4 oo -2'
Cosx- | - + 

- 
h- =n(-l)' 

,^Ttris can also be obt¿i'ed by integrari ns sinxsc'ries

for'-
n=l

1

u lol <t

lr ltf > t the $eries is rlivergemt ii.e. the sqrm riloes noú exists)

Gconr.e1nc series are the only series f'or which wc have the fomrula for tlie suûr. For all other series 'we 
ca¡r only

c¿rlculate an interval f'or the sum using the emor formulas.



Series Convergence Tests

n-th Term Test

@r-l

lq converges + l_igo, = 0.
n=l n-+æ

Iryo,+o = io, diverges

Integral Test

f (x) is continuous, positive, and decreasing.

tJø¡ converges o f;f <r)dx converges (for some Ày').

n=l

p-Series-
@lsI):convergesë p>l
Ån'

Comparison Test

0<a,<b,.
æ a

14 "onterges = f a" converges
n=l a=l

ia" diverges + i4 ut*,"ru"r.
n=l n-l

R¿tio Test

ü,"ld,--l a, 
I

n-ltuln*-lrz, 
I

mli'l

<l :+ io, ,orr't erges.
n-l

I
)a" diverges.
n=l

>l+

=1 + aan'ttell

A.lternating Serie,c

Test
a, ) 0, decreasin g, l|*o, = 0 + I(-f )'-t or conv€rges.



SERIES AND ERROR

The AP Calculus BC cowse description includes two kinds of error bounds:

" Alternating series with eno¡ bound

9 Lagrange €rror botl¡d for Taylorpolynomials

Altemating Series Remai¡der
Suppose an altemating series satisfies the conditions ofthe Altemating Series Test:

namely, that lìm a, = 0 and {ar} is a decreasing sequence (an+t <ar) . If tlre series has a surn
n+@

,S, then lnrl= lS-SnlSa,*1, where ^S, is the nth partial sum of the series.

ln other words, if an alternating series satisfies the conditions of the AJternating Series Test, yol¡

can approximate the sum of the series by using the zth partial sum, .Sn, and yotu e¡ror will have an

absolute value go greatq than the first term lefl ofl a*¡.

Both t¡pes of error have been tested on the AP tesl

+

cc'¡ (r-.) +f"'{.) Lx-c)z+'' - +{r?ll
z_l nt

(,Arn -- ô
llLøc ß-

R^ (v) - =t-

S¡r

-i-(x) = l(c)+f ^(t -c) +

J
Tavlorts fnequalitv
Suppose that { (r) is the zth-degree polynomial approxirnation for tbe firnction ;f aború x: c

¿¡yJ M is the n¡aximum value of ['.'t (t)f on the interval fc, bf (or [b, c] iÎ b < c). Then the

errorinusingrhepolynomíalvalue nþ)loestimate f (U) isbounded O, 
#rÍlå-:|".'.

That is, the ¡ernaind er 4(t) in Taylor's Fo¡mula satisfies the ineqtrality

t
È f rat' to3

t-¡-Sìncl fìrs I.Jr-
n ì<rñr I

r4(4r =lffirr-")^'l





Version B

Derivative Practice

1) The function/is graphed below on the interval [0,10].Give the number of values c between 0 and 10

which satisfy the conclusion of the mean value theorem for/.

t0

a\4
b)3
c)1
d)2
e)5

2\ Suppose that c = 3 is acritical numberfor afunction/. Determineif f(c) is alocal maximum,local
minimum or neither if the graph otf t (x) is shown below.



-4 -2-6 4 6

a) L,ocal Minimum
b) Neither
c) Local Maximum

3) Read Carefully! The graph of/' (the derivative offl is shown below. Classify the smallest critical
numberfor/.



60

40

20

-ó 4 -2 0 j 4

-40

-20

-60

-E0

a) local minimum
b) neither
c) local maximum

4) Given the graph of ft(x) below, where is /(x) decreasing?



-4 -2-E

a)f(x) is decreasing on the interval (-6,7).
b)"f(¡) is decreasing on the intervals (-6, 3) and (7, oo).
c)f@) is decreasing on the interval (-6, oo).
d)f(x) is decreasing on the intervals (-oo, -6) and (3,7)
e)f@) is decreasing on the interval (-oo,7).

5) The graph of f t(x) is shown below. Which of the following could represent the graph of Í(x)?

t64
r



t2-3 64

-3 -2 -r 123456
a)



-3 2-l t23

l2 3456

6

b)

c)

-3 -2 -r



-3 -2 -l t234 56

d)

6) Given f(x) -6x2 - 3.1fr whichof thefollowingexpressionswillrepresentft(x)?

a)

b)

,. (a*, - 3^ß + n) - (ex2 - 3rF)
h+O h
(01'+ D2 -l'ffi) - (ø*'-3^F)

lim
h+O

h
(o1x+ h)2 -3\ffi) - (a*'-3^F)

d) lim
h+x

h
(oqx + h)2 - 3\ffi) - (e*' - 3^F)

c)

e)

h

,. 6(x + h)2 - 3\Ffi
u¡r¡-
h+O h

7) lim
h-+O

-L
9

1

9+h

h

1a)-81
1

u)q
c) does not exist



d)0
1e)-9

(z+ n)2 - +
E)Thelimitmrrepresentsthederivativeofafunctionfatanumberc.Determine/and
c

a\f @) - (2 + x)2,c - -)
b)/(¡) = x2,c =2
c)f (x) = (2 + x)2,c = 2
d)f (x) = (2 - x)2,c = 4
e)Í (x) = x2,c = 4

*,(ä.o)-+
9) The limit lim

h+O h
Determine/ and c.

a)f (x) = cot (x),c = 43
b)"f (¡) = - cot (x),c =

c)f (x)= cot (lt3xx),, = +
d),f (x) = cot 1x¡,c - {3

e)l @) = cot (ll3nx),, = I

represents the derivative of a function f at a number c

^ß
3

10)

The functions/ and g are differentiable andh(x) -"f(g(¡)). Use the information below to flnd h'(0).

fQ) = -2 /'(o) = ¡
f(2) = -5 f'(z) - +

B(o)=2 s'(o)--2
s(-5)=5 8'(-5)=-3

a)8
b)-8



c)0
d)-16
e)2

lt) Express the derivia rive * (f @' * 5)) in terms of/'.

a¡ft(4x)
b)4x .ft (a2 + s)
c) 4x .f (u, * s) . l'(*)
a¡¡' (x2 + s)
e) 4x





Calculus Applets

Limits and Continuity
Lesson 2 and 5 - other calculus topics here
www. calculus-help. com/tutorials

Çontinuity & epsilon/delta game

Graphing derivative

Related Rates
Number 23 - related rates using Geocebra -- other calculus demonstrations here
http:/iwebspace,ship,edu/msrenaullGeoGebraCalculus/GeoGebraCalculusApplets,html

Estimating Distance Traveled from Velocity Curves
Section 5.3 example -- calculus examples for Hughes-Hallett te)G

Volume
Number 27 Volumes I

htto:i/online, math. uh.edu/HoustonACT/videocalculus/
Section 8.2 example 4 - calculus examples or Hughes-Hallett text

Volume - Shell Method

Number 29 Volumes lll
http://online, math. uh.edu/HoustonACT/videocalculus/

Alternating Series and Absolute Convergence
Number 52 slides 1--L0

http ://online. math.uh.edu/HoustonACT/videocalculus/



Why are Java applications blocked by your security settings with the latest Java?
http://lava.com/en/download/helo/iava blocked.xml

WORKAROUND

It is highly recommended not to run these kind of applications, however if you still want to run, run only if you
understand risk and implications involved.
As a workaround, the user can use Exception Site list feature to run the applications blocked by security settings.
By adding the URL of the blocked application to the Exception Site list allows it to run with some warnings.

Steps to Add URL to the Exception Site Iist:
¡ Go to the Java Control Panel (On Windows Click Start, All Programs, Java and then Configure Java)

o Click on the Security tab

r Click on the Edit Site List button

o Click the Add in the Site

a Click in the empty field under Location field to enter the URL
Example: http://higheredbcs.wiley.com

r Click OK to save the URL that you entered

Click Continue on the Security Waming dialog
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