


Dear AP Calculus Student,

Congratulations and welcome to AP Calculus! While the start of next
year seems far away, it is important that you have the resources and
materials necessary to begin Calculus available to you now so that you
can make sure you are ready.

The attached packet contains a course introduction and list of previously
studied topics that are essential for success in Calculus, along with
reference sheets and practice problems (answer keys included) on
concepts you are expected to know prior to starting this course. Please
take some time to review the materials in this packet so that you are
ready when school begins in the fall.

AP Calculus AB and BC, like other AP courses, are designed to help
you expand your knowledge and deepen your understanding of concepts
at a high level. Therefore, students are expected to be dedicated to the
course, committed to putting in the time necessary to be successful, and
responsible for keeping up with current material while maintaining
previously discussed concepts.

Enjoy your summer and I look forward to a working with you next year.

Best regards,
Mrs. Gutheil



AP Calculus Introduction

Calculus is a branch of advanced mathematics that deals with problems that cannot
be solved with ordinary algebra. This includes rate problems where slopes are not
fixed and area and volume problems involving irregular objects. The AP Calculus
courses are designed to introduce students to two main branches of calculus
(differential and integral calculus) and related topics. An essential component of
these courses is the continued development of critical thinking skills and problem
solving skills. Therefore, students will be expected to show appropriate work and
to explain results using correct calculus justifications.

Below is a list of prerequisite skills (from Algebra I, Geometry, Algebra Il and
PreCalculus) which are important to your success in AP Calculus. Topics with an
asterisk (*) are required skills for AP Calculus BC only. In order to be prepared to
meet the challenges of AP Calculus, it is recommended that students review the
topics below before the start of the new school year. Students will be expected to
incorporate their knowledge on these topics into calculus questions, many without
the use of a calculator. Without these prerequisite skills, you will struggle to
correctly solve problems next year even though you understand the calculus
concepts. If you find that you are in need of a refresher on one or more of the
topics below, there are some suggested online resources at the end of the list.

Following the list of prerequisite topics are several handouts with information you
are expected to know and some practice problems to work on. Solutions to the
practice problems are included so that you can check your work.

Prerequisite Topics:

1. Fundamentals of Algebra
a. Rules of exponents
b. Factoring (including GCF, difference of two squares, trinomial,
grouping, sum/difference of perfect cubes)
Polynomial long and synthetic division
Operations with fractions
Rationalizing, simplifying and expanding expressions
Simplifying complex fractions
Solving equations, systems of equations and inequalities (linear and
quadratic)
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2. Functions

Domain and range

Composition of functions

Operations with functions

Parent functions

Average rate of change

Point-slope form of a line

Inverse functions

Odd/Even functions

Piecewise functions

Finding solutions with and without a calculator (including quadratic,
‘radical, rational, absolute value, and polynomial equations)

Trrp@ e 0o o

3. Exponentials and Logarithms
a. Rules and properties
b. Solving equations
¢. Common and natural logarithms

4, Rational Functions
a. Asymptotes
b. Intercepts
c. Holes
d. End behavior

5. Trigonometry

Right triangle trig

Exact values of special angles and the Unit Circle
Reciprocal trig functions |

Inverse trig functions

Solving equations

Pythagorean identities

o Ao o

6. Limits .
a. Techniques for evaluation (substitution, simplification,
rationalization)
One-sided limits
Determining limits from a graph
Limits as x — #w
Limits that approach infinity
Limits that do not exist (DNE)

O



7. Derivatives
a. Constant rule
b. Power rule
¢. Product rule
d. Quotient rule
e. Chain rule

8. Area and Volume Formulas
a. Area for circle, square, rectangle, triangle, equilateral triangle
b. Volume for a cone, sphere, cylinder, rectangular prism, cube

Q. Partial Fractions*

10. Sequences and Series*
a. Identify arithmetic and geometric sequences and series
b. Sigma notation for a series
c. Finite and infinite series
d. Sum of a series

"11. Polar Equations*
a. Convert between polar and rectangular coordinates/equations
b. Graph polar equations

Online Resources:
www.khanacademy.com
www.purplemath.com
www.brightstorm.com
www.coolmath.com




TRIGONOMETRY
Trig Functions
o .
sin6=—pE cosB:a—d] tan f
hyp hyp
Reciprocal Functions
1 hyp _ 1 _ hyp _
csc@—sing—ﬁ Sects’_cosﬂ_adj cotd = Gno
TEST ONLY USES RADIANS!
Must know trig values of special angles 0O, %,g

UNIT CIRCLE

(—, +)

Things to Know for Calculus

cos sin

("19 0)

(—', _)

(05 '1)

SPECIAL RIGHT TRIANGLES
30° — 60° —90° Triangles

Which are

== -E- —Z Triangles

tan (2) = 22 - 2

Find tan (-’65)

simplify 02

1 -

[ ]

(+-)

SOH-CAH-TOA
hypotenuse .
opposite
adj 7]
opp adjacent

,g, g, T, 325, 27 using Unit Circle or Special Right Triangles.

To help remember the signs in each quadrant

All Students Take Calculus

(_:! +)

+ +
I (+, 1)

Sin positive All positive
(csc)

Tan positive Cos positive
(cot) (sec)

111 v

(M ’“) (+,-)

45° — 45° — 90° Triangles
Whichare= — X -2 Trlangles




Graphs of trig functions Inverse Trig Function

= sinx = CO0SX . ; .
Y y sin~1@ isthe same as arcsin 8

sin~14 = (g) means what angle has a sine value of g

that means @ = %i 2nn or 23—“ + 2nn

Since @ has infinite answers then 1t isn’t a function.
y = tanx Bummer. To make it a function we define inverses like:
i 1

/ / sin/csc and tan/cot use quadrant I and IV for inverses
cos/sec use quadrant I and II for inverses

So...0 = gbecause it is in the first quadrant

Trig Identities
There are a bunch, but you really only need to know Pythagorean Identity. sin®x + cos?x = 1

Subtract sin?x to get cos?x = 1 — sin?x or subtract cos?x to get sin’x = 1 — cos?x

Divide by sin?x to get 1 + cot*x = csc?x or divide by cos?x to get tan®x + 1 = sec?x

GEOMETRY
FORMULAS
AREA . SURFACE AREA YOLUME
Triangle = %bh Sphere = 472 Sphere = §Hr3
Circle = mr? Cylinder = mr2h
Trapezoid = %(bl + by)h ' LATERAL AREA Cone = %TET‘ZI'L
Cylinder = 2nrh Prism = Bh
CIRCUMFERENCE Pyramid = —;-Bh
Circle = 2mr ' B is the area of the base
DISTANCE FORMULA

The distance between two points (x;, ;) and (x,, 2) is d = / (x2 — %1)% + (¥2 — ¥1)?

ALGEBRA

Linear Functions
Slope y-intercept Form Point Slope Form Parallel Lines
m = Ay y2—n Have the same slope

= (slope-intercept Form) | y —y, = m{x — xq)
Ax x5 —xq

y=mx+b Perpendicular Lines
Have the opposite reciprocal slopes



Functions

Quadratic Function Cubic Function

Absolute Value

Square Root Function Exponential Function

(1) = »* f(x) = 2° f(x) = || FQ) = Vx f) = b*,b>1
/ Y _ 7
\ / /
\ —=
/
/
!
y=alx—-h?+k | y=ax-hP+k | y=alx—h|+k y=aVi—hi+k | y=a-bEM 1k

Exponential Function Logarithmic Function

Logarithmic Function

Rational Function

Greatest Integer

fxX)=b*,b<1 |f(x)=logyx,b>1| f(x)=1logpx,b<1 f(x)=1
X
\
- T 1
[ \
. / ) —tt, 1
\
y=a b* M4k y=alogy(x—h) +k y=alogy(x—h) +k y=alx—h]+k L ‘
y= +k
x—h
‘Translations
All functions move the same way!
Given the parent function y = x?2
Move up 4 Move down 3 Move left 2 Move right 1 Move left 2 and down 3
y=x2+4 y=x%2-3 y = (x+2)? y=(x—1)>2 y=(x+2)*-3

To flip (reflect) the function vertically y = —x?

To flip (reflect) the function horizontally y = (—x)?

Notation
Notice open parenthesis ( ) versus closed [ ]
Inequality ‘ Interval
—3<x<5 €—> (-35]
—-3<x<5 €«<—> [-35]
—-3<x<5 €«<—> (3,5
3<x<5 €—> [-35)
Even and Odd Functions
| EVEN
f(=%) = F(x)
Symmetric about the y-axis
y
FE)TI(-%)
X X
Even Function T

So f(x) = —vVx — 3 + 1 is a square root function
reflected vertically, shifted right 3 and up 1

Infinity is always open parenthesis

Inequality Interval
x <3 <>  (—%,3)

x<3o0rx>5 <€—> (—x,3](5 x)

x+3 €—> (—00,3)(3,00)
all Real numbers €—> (—o0, 00)
ODD
f=x)=—f(x)
Symmetric about the origin
\ () =-I(%)
f(-x)
-X [8 ¥ /\
\/ fi(x) \
Odd Function



Domain and Range
Domain = all possible x values
Range = all possible y values

Algebraically
You can’t divide by zero
You can’t square root a negative

y=v2x+5 x2—1
D: [_-i,oo) Yt 7x+ 12
: D: (—o0, —4)(~4, —3)(~3, )
Finding zeros

Must be able to factor and use the quadratic formula: x =

Special products

Graphically
Just ook at it

Sum of cubes: a® -+ b? = (a + b)(a® — ab + b?)
Difference of cubes: a3 — b3 = (a — b)(a® + ab + b?)

Exponential and Logarithmic Properties

~b+vbi-4ac

2a

D: (=%, —1)(=1,5]

R: (—o0,2.5]

The exponential function b* of base b is one-to-one which means it has an inverse which is called the logaritmic
function of base & or logarithm of base & which is denoted log;, x which reads “the logarithm of base & of x” or “log

base b of x”. So...

BASE e

y=e*

/
/ KNOW!

e

Horizontal
asymptote at

y=0

y=lnx

KNOW!
iIn1=20

Vertical
/ asymptote at
x=0

Exponential

y =logy x <=p x =DhY

Logarithmic

b*bY = p*t¥ Product Rule logy xy =log, x +logy y
‘ x
g—; = h*Y Quotient Rule logy (;) =logy, x —logp ¥
(b*)Y = b* Power Rule log, x¥ =ylogy x
1L 1
b x=b—x logp (;)=—logbx
bt =1 log, 1 =0
bl =b logpb =1
log, x
Change of Base logy x = Tog, b
Natural Log log. x =1In e
Common Log logiox =logx



Calculus - SUMMER PACKET NAME:

Summer + Math = (Best Summer Ever)2

NO CALCULATOR!!.

| Given £(x) = x> —2x + 5, find the following, .~ 0

1 f(=2)= 2. fx+2)=

&f&+m=

[Use the graph 7(x) o answer the following,

4. f0) = f4) =

f=1) = f-2) =

f(2) = f3) =

f(x) =2 whenx=? f(x) =-3 whenx=2?

@t |

o

ool

Write the equation of the line meets the followmg ""”’ndltlo'"‘:":"f'
Y-y =mx—xg) B

- Use point-slope form. .~ .~

5. slope = 3 and (4, ~2) 6. m = _% and f(=5) =7

7. f(4) =

~gand f(=3) = 12




Write the equation of the tangent line in point slope form.. y—yy=mx—x1) = . .

8. The line tangentto f(x)atx =1 9. The line tangent to f(x) at x = —2
\s 1L 5 "
\ [ F(x) 4l €
\ / L
N /
/ / 7
Tangent lfne :
: L
Tangent line !
7 TIPLECHOICE' Rem ——
10. Which choice represents the slope of the secant line shown?
7-2 f(-2 7-7(2) (- (2) \ A
Niorm  Dire Qe P T \ // /
¥ 7
f(x)
£y / /
/
7

Secant line

\ &)
11. Which choice represents the slope of the secant line shown?
fO)—flx+2} fx+2)=f(x) fx+2)-f (%)
A) x+2-x B) xX+2-x C) x~(x+2)
/
xX4+2-x : ; i
) fEO—f(x+2) x x+2
Secant

line



. . ) N
12. Which choice represents the slope of the secant line shown? £
flx+h)-f(x) x—(x+h) Flx+h)~f (%)
A) x—(x+h) B) Fle+Rr)—f(x) ) x+h-x
Secant
py f@=reh) line ' ;
x+h—x X x+h
13. Which of the following statements about the function f(x) is true? ;\ i . -
AN
L f(2)=0 1

II. (x -+ 4) is a factor of f(x)
Ol f(5) =f(-1)

(A) Tonly

(B) II only

(C) III only

(D) Iand III only
(E) II and III only

Find the domain and range (exp" I'notation). Find all horizontal and vertical - =
_asymptotes. * - Sy Lo R e
14. 15. 16.
T | ~ i
& |
] ¥ t i \ .li
. e : o
EANEAS N z :
: _: \E y‘n ,'"__‘!’f-'::_-:::; X ‘iﬁ.;. og) o v ‘:"_,! A 5 —— e
4 5 b B B 1 \_j | L
-5 i
- [
. ‘[, .
Domain: Domain: Domain:
Range: R@ge: Range:
Horizontal Asymptote(s): Horizontal Asymptote(s): Horizontal Asymptote(s):
Vertical Asymptotes(s): Vertical Asymptotes(s): Vertical Asymptotes(s):




| MULTIPLE CHOICE!

17. Which of the following functions has a vertical asymptote at x = 4 7

x+5
x2-4
x2-16

x—4

A)
(B)
©) =
(D)

x+6
(E) None of the above

x2-7x+12

18. Consider the function: (x) =

x%-5x+6
x2-4

I. f(x) has a vertical asymptote of x = 2
. f(x) has a vertical asymptote of x = —2
III. f(x) has a horizontal asymptote of y = 1

(A) Tonly

(B) II only

(C) I and III only
(D) 1 and III only
(E) Il and III

. Which of the following statements is true?

‘Rewrité the following using rational exponents. Example: 5= =%’

19. ¥x% + 2x

20. vx +1

|
N

wl=

23, =+ 243

4x3 2

24.

Write each expression in radical form and positive éxponents. Exam

1 3
25, x z —xz

1 1
26. X 24+ x71

1
28. (x+4)7z

1
29, x"2 4 x2

30.

> 3 _
2x2+5x1




Need to know bas1c trlg functwns mRADIANS‘ We: never use degrees Yeu can elther use the -
Unit Clrcle or Specxal Triangles to. ﬁnd the followmg ‘ -

31 sing 32. cosz 33. sin2m
34, tanm 35. 'secg . 36. cos%
37. sin 38. sin 39. tan”
40. csc= 41. sinw 42. cos®

43, Find x where 0 < x < 2m,

44, Find x where 0 < x < 27,

45. Find x where 0 < x < 2,

sin x =% tanx =0 cosx =-—1
‘Solve the following equations. Remembere®=1andIn1=0; | -
46, e* +1=2 47. 3e* +5=8 48, e¥* =1
49, Inx =0 50, 3—Inx =3 51. In(3x) = 0

52. x2 —-3x =0

53. e*+xe* =0

54, e?* —eg* =0




. 1
55. sinx = S

56. cosx = —1

57. cosx =

58. 2sinx = —1

59. cosx = g

]S

60. cos (g) =

6l. tanx =0

62. SIH(ZJC) =1

~ |

63. sin G) =

Function

Domain

g Rangg ‘

64. y= x— 4

65. Y= (x - 3)2

66. y =Inx

67. e

=
1l

68. y='\f4—x2

[ Simplify. . .

ST
R R

69.
X

71 ei;l-ihx




72. Ini 73. Ine’ 74. logs:
75. logy/, 8 76. In: 77. 273
- xy—2 3
78, (Sa%) (4a3/?) 79. 1;—3;1-3,—5 %0. (4a5/3) /2
F® = (35,2000 g =VE=3 ach of the following, -
I h(x) = ((3.2).(43). (16} Ka) =xi5’ h‘ome ﬂ)l.lp wmg
. (F+HR(Q) 82. (k—g)(5) 83. f(h(3))
84. g(k(7)) 85. h(3) 86. g(g()

87. f71(4)

88. k~1(x)

89. k(g(x))

90. g(f(2)




Calculus - SUMMIR PACKIET

NAME: Yo L~d Ty S

Summer + Math = (Best Summer Ever)?

[ Given f(x)=x%— 2x+ 5, find the following.

NO CALCULATOR”'

1 f(-2)= 2. f(x+2)=

(-2l 25
§-D=1+4+5
SERH=13

3 f(x+h)-—~

6( 1~k\ J\(X-&"\) x5

_(x«h)(x—&h)mkmm-\'\s

: ;2'+ x\,\-{;.ﬂ-\'-t-\-:'-:« S L

S AA A2 =S

| Use the graph £(x) to answer The following..

fen=-3.5 D= -2
N e
= NECLSSS oo
wwa(—‘ ed.
f(x) =2 whenx="? f(x) =3 whenx=2

3
1 o
{ 3
=5 =4 =IN -2 1 T 3 4 8
e i
] !
NEB
L e
Nl
™

oD —-l

. slope = 3 and (4, -2)

7. f(4) = —8and f(-3) = 12 |

6. m=—=and f(—5) =7
W——2=3 (x -4) SO St - B~
Wta=3 ) W-F T (< +5)|| “3—‘3: 3 (e3)

AP = —a—;—(x—'-f)




Write the equation of the tangent lin lope fo

8. The line tangentto f(x)atx =1 9. The line fangent fo f(x) at x = —2
SEAN fL_3 ' : 3 :
Ve | e
S I :.. 2 s I
=L ) T \ {
\ / ‘ o Nl
/ o117 7/
$F P . \ X 5 0 & 4
- .._I e ) 5 7 . -
3 Tange tlfne ,
" Tangent line | ] I . *
Y == —1) N=2= 1 (D)
10. Which choice represents the slope of the secant line shown? K §
7-2 F()=2 7-£(2) \e /i
A) F(-f(2) B) 7-£(2) ©) F(7)-2 \~ // /
| C /@
AT
it
/" ’ J 1
~ Secant line

11. Which choice represents the slope of the secant line shown?

Fx)-f(x+2) Flx+2)-f(x)
A e @ O i

x+2-x
D) forreerm | * **2
Secant

line



12. Which choice represents the slope of the secant line shown?

Flcth)—-f(x)
A) x—(x+Rk) B)

Flx)-f(x+h)
D) x+h—x

x—{x+h)
Flcth)=f(x)

13. Which of the following statements about the function f(x) is true?

I f(2)=0

II. (x + 4) is a factor of f{x)

oI f(5) = f(-1)
(A) Ionly
(B) Honly
(C) Ol only

and IIT on}
E) I and UI only

\ .
fx)
Secant
line . )
;' .\"';-h
!{f( a‘;)} : }"‘ ™\
) ,
A\ . A
\L \
\
4 -\ > 24 ‘
i e L
. A
- |
) \
- ()

1 .
o g
IS O SR SRR T P 4

.1}

Domain: (<ee,~ U (=1, V(1 o)

Range:
C

T :9 U(3) oo)

Horizontal Asymptote(s):

= X

Vertical Asymptotes(s): ;"" ‘_‘

I . \ p b ;
AL . \ X i 7
s Y ST N > k¥ S ¥
H . Y S o p o] wvoda . [
¥ 1= 7 75 ho‘\—i: : R EEEEN o
x H Ll
- 1 FTA
-6 w3 wa 3 @ of b Y . . s
X N d ,i
2 b fi.
- ]
il
¥

T

Domain:€eo,~ Y (-1, U3,

Range: |
(=2, 09)

Horizontal Asymptote(s): Y=o

. X=~]
Vertical Asymptotes(s):
=

Horizontal Asymptote(s):
Mo

Vertical Asymptotes(s)>=-2,




'MULTIPLE CHOICE!

17. Which of the following functions has a vertical asymptote at=47

x+5
(A) x2-4

(B) x2-16

()m

(E) None of the above

x® 5x+6

18. Consider the function: (x) = . Which of the following statements s true?

I. f(x)hasa vertlcal asymptote of x = 2
II. f(x) has a vertical asymptote of x = —2
II. f(x) has a horizontal asymptote of y = 1
(A) Tonly
(B) II only
(C) Tand III only
((D) N and M only ™

(E) I, I and III




Need to know basic trig mnction

-Unit Cir cle or Special ’Ix'iangles tofi nd followil

33.

31. smg /\i 32. cosz /3\ )
34. tanm 35, secZ 36. cos= J=
> 2 defined s >3
o . 23; r
37. sin '\J‘%\ 38. sin—- -._..\ 39. tan }
ki : 7
40. csc3 ] 41, sinm o {42, cosy ‘/\i
43, Findxwhere 0 < x < 2m, |44. Findxwhere0 <x <2n, |45. Findxwhere0 < x < 2n,
sinx m-;— tanx =0 cosx =—1
\1% A, % O okl TN O

Solve the following equations. Re

47.

46. e* +1=2 8 48. ezx*‘l
e =1 Re°=3 U\e =L~ (D)
£ w\ X .
L"\[G')-Lf\[ﬂ €=\ P =D
lad = LAl
X—O < = O K=O
49. Inx =0 50. 3 —Inx =3 151 mG3x) =0
e < ~-lnw= o c e
| [_Y'\'K-_o 2 -
%X = \ e e A% \
\ —
=\ X="4
52. x*—-3x=0 53. e* +xe* =0 4. e2¥ —e* =0
x(x—3)=0 S(1+>x)=° é‘(e B =
o 1¥x=° c=o e -\=¢
— — . N -
X=o X=3 {S:ss"\.\-e. X ==\ r\{:”ssa.\e ————é“":
% =




Solve the following trig equations whe

55. sinx =~ 56. cosx = —1

@

57. cosx = —

- ny 5yt . ,
-"% ol & _rr ')(‘:.% ok, ‘?

38. 2sinx = -1 ‘ _VZ
= ”B. 58. cosx = >

o o o A
% uve )(‘5'-“:“/”_ owrd- LTI -’E-T é—

I%
)9
[
g
w

i

&

61. tanx =20 62. sin(2x) =1 63. sin ﬁ) -
St - . . - e : ) 4
m —_— —» 5\"‘9(-_;': a}( — % )(

TO  andh X=XT 1 }(‘m% JOY

| For each function, determine ifs domain and range
Function

64. y=vx—4

65. y=(x—3)?

66. y=Inx

67. y=e*

68. y=vd—x2




72. In1l 73. lne’ 74. logs3
o 7 (33
75. logy, 8 (,L) 76. 1n~21- Conlcenl :;tr 77. 273 N
- neg
Lony, -‘ﬁi
_= ponl Rl S X g e 3
C’\ ,
78. (5a2/3) (4&3/2) 79. 1:-);:5 80 (4(15/3)32
X425 A TS
2o = X “\ N 5 &
\ k3 it
20 E Bl >s
| B

R T R O
S+ (1D k(s) - ‘3[5) S
F+ 6 | (”5 S )~ ("J—

E [3o-= 1
84. f(k(7)) 85. h(3) 86. g(g(®))
2(7+5) , T
b G . e
~NsE-s = st Ve -3
87. f-1(4) 88. k- 1(x)
b+5
Py K-S' V\ L
[D===s
8. k(g(0) = (TN 4+ 5 %0. g(f(@)
‘ x-; +5 «y() = N3
Ky | b




Name:

Date:

1 Review — Limits

Period:

Review

Reviews do NOT cover all material from the lessons but will hopefully remind you of key points.

1.1 Limits Graphically:
What is a limit?

The y-value a function approaches at a given x-value.

| Give the value of each statement. If the value does not.exist, write “does not exist” or “undefined.”

L Jim f(x) = 5. lim £ (x) =

2. lim f(x) = 6. lim, f(x)=

3. f(3) = 7. f(1) =
4. f(-2) = 8. xliinz_f(x) =

1.2 Limits Analytically:

fx)

ol e

S

(f'

Finding a limit:

1. Direct Substitution.

2. Simplify and then try direct substitution.
a. Factor and Cancel.
b. Rationalize if you see square roots.

L

(S ecial Trig Limits:

x=0 X x—=0

sinx . X
lim—= hnl,
-0 X or x=0sInx

. 1—cosx .
lim———= or lim

We uo"H

0 pyer nesc

Ciuviy¥3 “¥4ﬁ€L
Pirstweer

Evaluate each limit, ==

10, }ci_r’ri\ﬂx + 42

9. lim (2x% + 3x — 2)
X——4

" x-13




JETio— 2
13. limM 14. lim 2 1
x—0 X T xs0 X

. sin(7x) 5in2(3x)
15. chl_r}‘é 11x . 16. }c—m sin?(5x)
1.3 Asymptotes:
Gertical Asymptotes: Horizontal asymptotes:
If the denominator equals 0, then there is @ hole || 1im £ will produce a horizontal asymptote at
x—c0 g(x)

or a vertical asymptote. If the factor does not .

cancel, then it's a vertical asymptote. * y=0if gincreases faster than f.

e Y= %ifg and f are increasing at the
relative same amount where a and b are the
coefficients of the fastest growing terms.

One-sided limits at vertical asymptotes approach

\—oo or o,

Don’t forget to check the left and right sides

when looking for horizontal asymptotes. /
oo O ‘Eva_l_uaft_é_.éjai‘f_ch:ﬁ[_imit: coowrnoeeto s rind all horizontal asymptotes. |
1.4 Continuity:
Gypes of Discontinuities: \ @ding Domain: | \
1. Removable {hole). Restrictions occur with two sﬁenarios:
2. Discontinuity due to vertical asymptote. 1. Denominators can’t be zero.
3. Jump discontinuity. 2. Even radicals can’t be negative.

J

AN
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1 Review — Limits
Reviews do NOT cover all material from the lessons but will hopefully remind you of key points.

1.1 Limits Graphically:
What is a limit?
The y-value a function approaches at a given x-value.
| Give the value of each statement. If the valiie does not exist, writ

L limf(x)= 5. lim £(x) = 3

X3

2. lim f(x)=|-—\' 6. lim, f (x)““”;.. ‘ i : :
Lf@=DNE 7=

N IR F t

LFED=2T) 8 m == N gL,

1.2 Limits Analytically:

e

Einding a limit:

1. Direct Substitution.

2. Simplify and then try direct substitution.
a. Factor and Cancel.
b. Rationalize if you see square roots.

3. L’Hépital’s Rule {for indeterminate forms %or =)

y,

( Special Trig Limits: ‘ \
sinx X
im-—= lim—=
’lcl“’% X \ or x=08Inx \

1~ cosx
lim————= ) or

k X=0 X

o

| Evaluate each limit i ]
S xl.i.".‘(,(%"z_i 3%—;{ 10. lim V7x + 42 11 Iim 2 " J}i]?oxti;so
2 {7 SOV foc 5
B 30 = o Cogfee)
\D 7 o5 = |5




F A

2z e e Lsmbk'\““") (@ 2T XA e, 1= 04D
13. Jim S HM“&WﬁﬁW“MZ S SRRy
L\\m ! mll_'i L“M an _._.__“““]. - N
><'*°”§(\‘ T R G| 7oA S e = ||

sin{7x} .., 5 P _ sin®(3x}

15 :]x:l}a% 11x %—3\2’ \‘\ ‘Y;{ -)"?7“ 16. ]x-»o sin?(5x) 0}

. . 1 Ly S : —

%‘_;’;_?\_.‘ S — |7 %—33‘5%@ % %%3; Eiy
T, T '

1.3 Asymptotes:

(Vertica! Asymptotes:
if the denominator equals 0, then there is a hole

or a vertical asymptote. If the factor does not
cancel, then it's a vertical asymptote.

One-sided limits at vertical asymptotes approach

(00 or co,

Horizontal asymptotes:
lim £&2 fz)

x-200 9(%)
¢ v = 0if g increases faster than f.

*» y= %if g and f are increasing at the
relative same amount where a and b are the
coefficients of the fastest growing terms.

~N

will produce a horizontal asymptote at

Don't forget to check the left and right sides
when looking for horizontal asymptotes.

i .- Evaluate edch limit. | Find all horizontal asymptotes. |
o 4xP\e2x+s 13 lim x537% . __viexexiisa
17. 3}_{&(3‘@: Xs00 18, hm sin5 -.20. f(x) = exi-gr

Brel

[

O

@

AS xImeoy B

1.4 Continuity:

c “

es of Discontinuities:

1. Removable {hole).

2. Discontinuity due to vertical asymptote.

™~

ﬁding Domain:

Restrictions occur with two scenarios:

1. Denominators can’t be zero.

3. Jump discontinuity.

U\

2. Even radicals can’t be negative.
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2 Review — The Derivative

Reviews do NOT cover all material from the iessons but will hopefully remind you of key points.

2.1 Average Rate of Change

\

(A continuous function f(x) on the interval [a, b] has an average rate of change of\

fB-f@ . f@-f®)
b—a a—b

This is also the SLOPE of the TANGENT line.

J

| Find the average rate of change for each function on the given interval. Use units when necessary. - |

Lw(t) =5t -5t +1;[-2,1] |2, s(x) = X2,
3

2.2 Definition of the Derivative
Defintion of the derivative:

(his limit gives an expression that calcu!ates\
the instantaneous rate of change (slope of the
tangent line) of f(x) at any given x-value.

fx+h)—f(x)
h

f'(x) = lim

= /

T 3
3. B(t) = cos (gt), [5,6]
. B represents wild boar
t represents weeks

[1,7]

/ Derivative at a point:
Finding the derivative at a specific x-value.

We will call this value c.

fle+h) —f()
h

f'(c) = lim

h—0

or

f&x)

f'(c) = lim

—f(c)
—C

X

\_ .




.x) =

—2x% + x;
filx) =—6x?+3; x=~1

L R e D e et T
. —(3+h)2+(3+h)-4+(10 . (ax—2x%)+(230
6. lim (3+h)“+(3+h) (10) 7.11m( }+(230)
h—=0 h x—5 x-5
Cc = C =
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2 Review — The Derivative

Date:

Period:

Reviews do NOT cover all material from the lessons but will hopefuily remind you of key points. °

2.1 Average Rate of Change

Review

X

(A continuous function f(x) on the interval [a, b] has an average rate of change of\
fO-f@ ,  f@-f®)
b-a “a=-b
\_ This is also the SLOPE of the TANGENT line. Y,
| Find the average rate of change for each function oh the given interval, Use units when necessary.
Lw(t) =5t2—5t+ 1;[-2,1] | 2, s(x) = ﬁi [1,7] 3. B(t) = cos( t); [-2-,6]
- B represents wild boar
WC"D-)'- 3) S (0 i l t represents weeks
Wn= | ) B(%)= co5(3%)= o
s(F)=4
-~ 6)= =
3V =g B)=cos (am)= |
-D."‘" \ —3— -a‘:‘i _ _..l 6__' 1 N
‘ -~ =T - = Z
| ey Tey T A
-\0 '
\ 3
/é /q boour“ Pec week

2.2 Definition of the Derivative
/ Defintion of the derivative: \
This limit gives an expression that calculates

the instantaneous rate of change (slope of the
tangent line) of f(x) at any given x-value.

) = i E TS

N Y,

Derivative at a point:

@ng the derivative at a specific x-value.
We will call this value c.

flc+h)—f(c)
h

'\

f'(©) = Jim

or

K £00) = x—mf() f(c)

/




' Fin&ft‘

% y-—2x2+3x-—1

o = Limm 20 x4 + 36 -1 -3 1]
h

3o

)&lﬂx\\«fL\Jf}mSk?fl 3%

\,J -~ Lirn~ \’\(L")( ‘*b\ '\'3)
h—o LN

\0{ =Hx+3

| Identify the original functic

=23 +3x5;
f(x)m-ze-!;fS, X =

5(-N=-\
5()=-3

-1

—(3+h)2+(3+h)-4+(10)
6. lim
h—0 h

£ = “Xa-}X ~Y
c= 3

f@=%xe;£'




AP Calculus Name

Constant and Power Rule Notes

Constant & Power Rules

Constant Rule:
The derivative of f(x)=c (where ¢ is a constant) is f'(x) =0.
Power Rule:

The derivative of f(x)=x" is f'(x)= nx"! (It may be necessary to rewrite some
functions in order to apply the power rule more easily, use the algebra you know to help.)

1
1. y=x S0 f®)=—
x
2. y=-3 6. y=x* -
3. y=2x" 7. y=+x
' 4
4. fx)== 8. f(x)=—



AP Calculus Name SO lutons

Constant and Power Rule Notes
Constant & Power Rules
Constant Rule:
The derivative of f(x)=c (where ¢ is a constant) is f'(x)=0.
Power Rule:

The derivative of f(x)=x" is f'(x)=nx"" (It may be necessary to rewrite some
functions in order to apply the power rule more easily, use the algebra you know to help.)

Y‘ewr"'\—e—
1 v
I =g 5. fx)y=— —> .-p(_yc):)(
dy g g ¥ -~
=4 x 5 -4
- Pite)e X o™ <3
ve wy
2, p==3 6. y=4x—> \/:___X"‘/“
AB = it
dx dy- 3 x /“'OY_ 3
dx H 44 x
3. y=2x12 % y=\/;--—'? Vewr‘rk‘ E 4
1) \,/_-:)( -
A
air-ﬂ’hc y \
x . —dy—:, _L.)(_ 10‘(‘ Ty
Adx ~ = avy
iy
4. f(x)== 8. f(x):i2 — vewr| e -pfx): Hy
X

L) =0 Pz -gx



AP Calculus Name

Product and Quotient Rule Notes

Product & Quotient Rules

Product Rule:

The derivative of 7{x)g(x)is f (*)g(x)+ f(x)g (x)

1. f(x)=02x)Y5x+1)

2. f(x)= 25/ (3x—1)

3. f(x)= (%x3 +6x — 2)(4vx — 6)



Quotient Rule:

f@) . f g0~ f(x)g' )

The derivative of

g®) (g())

"3

x
L =T

x+1

AR

x+4
3. f(x)_(x”)(zxfs)
4 f(x)=xz+cz * ¢ is a constant



AP Calculus Name 83 lehons

Product and Quotient Rule Notes

Product & Quotient Rules

Product Rule:

The derivative of 7 (x)g(x)is f (x)g(x)+ f(x)g (x)

1. f(x)=02x)(5x+1)
LU= (263)(3) + (Bx+D ( 6x*)

£'(x)= 0%x> + 30x% +ox”

L'e)= l#Oxa—l— (oxz

2. F(x)=2x"2(x-1)
Ll)=ax"(3) — (3x- nes ™)

Va2 V4

Pl i = B =+ X

|
0 e
i {gle Bx " . e Blw & -

N
3, f(x)=(-§-x3+6x—2)(4x/; _6) (Lxli_@,)
[ 2 .3 =T = -
L)z (-?-,x +bx -—2)(?_x J s (42 —s) (27( +b)

S/2 Y

52 P |
L(x)= )( Fl12x =4y “ + 8 424y ;1yl—-5(a

/2 2 L /i3
LU= x g r2bx —4x —306



Quotient Rule:

f) . [0~ (g ()
g(x) | (g(x))’

The derivative of

2

L @)= jj
i
/ (x9)(2%) — (A3 (2% 5 B
3 | R 5 W
e (x>~ (x2w)?
e it
i ; Cx N
x4+
2. Dt N
f(x) x2+2x+2 (z_x #AE T ) ——
— N ('.bc-\—?,) war2xr2 = 2% - -2
2, 2¢42) (V) — (X | Ml
af (x) = (x " (.,Clnfx D*
2
(_X. T IS L N
! _ — X
—p (7()- CXLJ‘.?_x-\-"L)q— 2 rro
S yew\¥ Q&M -:-.27( *3
. f()= [ ](z +5) al s
20
(X-\—B)CM-PG) —(2x7—+—\3~4+?.o) C\) Ll\i_jwy_ T 3x -2
£00= (AR (x4
24F 12w +19
£ = .
Cx+2)
4. f(x)—x i3 * ¢ is a constant
o ey " ’)_x?’—-?.xcz'
Cx’l__ 2) (2x) — (x2+c7') (20 2 j_;.?lff—:
; /——//_ - £
’C (X) S (\,(’2'—-—(:2)1— (\C?"-—-C-LJ

( ), ——Lh(C

x—c’)



AP Calculus Name

Chain Rule Notes
Chain Rule
The derivative of f(g(x)) is f (g(x))* g (x)

I 2.y 2
1. y=+vx"+7 ¥ Gril)
3. y=(5x2—3x)8 4. y=(x*+5°x*-n?
5. f(x)=\/5_3-c3_ 6. y=(9—3x)—4
7. fr)=— g yo_ |

(x2 +3x+ 5)3 i 3(2x+4)



AP Calculus
Chain Rule Notes

Name

50 ltons

Chain Rule

The derivative of f(g(x)) is f (g(x))* g (x)

3 %
L. J’_m.—% Lj:.()(-i'—f)

= 4 (x 4—7)
Ax
d\‘fj 37(
J’T 2 X3

3. y=(5x2—3x)8

CGx %x) (10 -2)

S‘o

dy, g (lo%-2) (5x —31)

ax

5. f(x)=~5x" = (qu)
a\""> #)

Ll = L (5xD (45

ysx®

2 \ISX"

-,C l(&{):

-3
7. f(x):( > ; - '5(1"4—%&-6)
x*+3x+5
-
& els = 5 (szgxi’%) (2x+3)
o (S (2x+3)
(K"—\-%x-\—e_)q

- 2
(5x +1)?

221 - C‘Sx-&'l)-3c 5)
2

-2
2. 2 (Bx+V)

¥
dy . =20
e ____.——-—--——'-"'
o CGH—D3
duwet &
4. y=@*+5°* -t * P;am rule

d = (%+6) ’-f[x l)@x).i-
(x% I) 3(x 3.5) (zx)
a3 l?—xl(xzf%) (-0 % % (x>) (X+5)
aAx
6. y=(9—3x)k4
-5
dd _ _y(4-3x)
AxX
f‘_l_i: [ £ .
Ar (4-2%)
-
8. y=——1t > (2xx4)
%/
o 2 2R+ > ()
dx -3
Y3
ay _ 1o (_Q_x»kw)
>

o F



AP Calculus Name

Using Derivatives

Sum and Difference with Derivatives:

I h(x) = f(x) £ g(x) then h'(x) = /(1) g (x)
Find & :
dx

1. y=5x"-2x2+3x+5 2. y=9\/_—%

Slope of a tangent line to a graph:

The slope of the tangent line to a function at x = ¢ is found by evaluating f'(a).

Find the slope of the tangent line for:

1. y=2x*-3x atx=2

2. y=+x-1at(52)



Equation of the tangent line to a graph at a point:
At the point (a,b) the equation of the tangent line (in point-slope form) is y—b= f'(a)(x—a)
Write an equation for the tangent line to the function at the given point in point-slope form:

1. fx)=x+5x=3 (-L-7)

2. fx)=x+3  (6,3)

3. f(x)=3x(x+2 (1,27



AP Calculus Name SO luio n

Using Derivatives

Sum and Difference with Derivatives:

If h(x) = f(x) % g(x) then A'(x) = f'(x)+ g'(x)

Find%:
e
Y\ewfl -
1. y=5x*-2x*+3x+5 2. = 9\/_—— = V= X" - ¥
o il
%:I6¥1~4X4’3 18 o tq Tp R
ol x = q __'2_"_,
oly b B et

Slope of a tangent line to a graph:

The slope of the tangent line to a function at x = a is found by evaluating f'(a).

Find the slope of the tangent line for:

1. y=2x*-3x atx=2

2= 5
?ﬁ. = L]')("'B at X=2 L{-(’L) = e
Ax 1+ linc ax A=
s lope of +ange
= E
2. y=+Jx-1at(52)
Y= (x-n'* \ —;"\,":zi
A ar x=5 oy 2™
Y _ L (x) or
= X u Qm Wwne a at X=5
e S lope ©Of yangent

i
= m



Equation of the tangent line to a graph at a point:
At the point (a,b) the equation of the tangent line (in point-slope form) is y—b = f'(a)(x —a)
Write an equation for the tangent line to the function at the given point in point-slope form:

1. f(x)=x*+5x-3 (-1,-7) Tar\@szr ine

L'(0=2x+5 3“:3(“‘)
LS =m0 %S ==
LiD=20 s Slome
OC—}-&nﬁeﬂ'FUhﬁ
2. f(X)—\/x+3 (63) ——r;{y\%em-\— line
Lle)= @4-3) o 0\ fj'a' _ 'IE (X~
P
) \ — _\_ >slpc of
—Q (D ‘:-2 — fis Mr%eﬂ*"'ha

3. f(x0)=3x(x+2)? (1,27

—C (‘O 3‘,& 9_(x+7,) (V& (;(.y),) b x (produ
W) ) & (6D Tangunt linc’

ok PR

L'h= 2,0 A( Ny
o= — slope o 3'2—':7lcx &
Arangent i<
¢ ot (8] S
~1 | _"__l,. -
-fbc):x/l/ \ ﬂ”i“/cg(x +)
3h -




