ALGEBRA

Properties of Absolute Value
For all real numbers a and b:

jaf 20 [~a| =a|
ald ] =l
a = M b#0
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|a + b| < |a| + |b| Triangle Inequality

Properties of Integer Exponents and Radicals
Assume that » and m are positive integers, that a and b are
nonnegative, and that all denominators are nonzero. See
Appendices B and D for graphs and further discussion.
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Special Product Formulas
(4-B)(A+B)=4*-B’

=A’+34°B+34B* + B’
=A’-34’B+34B* - B’
Factoring Special Binomials
A*-B*=(A4-B)(A+B)
A -B=(A-B)(4’+4B+B)
A +B =(4+B)(4* - 4B+B)

Quadratic Formula
The solutions of the equation ax” + bx + ¢ = 0 are

e —b++b* —4ac
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Distance Formula
The distance d between two points (x,,y,) and (x,,y,) is

d:\/(xz _xl)Z +(yz _yl)l‘
Midpoint Formula
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Slope of a Line

vy, —y, Horizontal lines y = c have slope 0.

X, =X Vertical lines x = ¢ have undefined slope.

Parallel and Perpendicular Lines
Given a line with slope m:
slope of parallel line = m

slope of perpendicular line = —1/m

Forms of Linear Equations

Standard Form: ax + by =c¢

Slope-Intercept Form: y = mx + b, where m is the slope and b
is the y-intercept

Point-Slope Form: y — y, = m(x—x, ), where m is the slope
and (x,,y,) is a point on the line

Properties of Logarithms
Let a, b, x, and y be positive real numbers with @ # 1 and
b # 1, and let  be any real number. See Appendix B for
graphs and further discussion.

log, x =y andx = a” are equivalent

log, 1=0 log,a=1
log, (a‘”):x a® =x
log, (xy) =log, x+log, y
x
log, —J =log, x—log, y
y
log, (x’ ) =rlog, x
log,
log, x = Change of base formula
log,



GEOMETRY

A =area, C = circumference, SA4 = surface area or lateral area, V' = volume

Rectangle

A=Iw

Parallelogram

A=>bh

tp----

Rectangular Prism

V=Iwh SA=2lh+2wh+2lw
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Right Cylinder

V= (Area of Base)h

T
'h
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Circle

A=7mr* C=27r

Trapezoid

A=%h(b+c)

b

Sphere

4
V:§7rr3 SA = 477?

Triangle

A=lbh
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Heron’s Formula:

A =\/s(s—a)(s—b)(s—c)

a+b+c

where s =

Rectangular Pyramid

V=llwh
3

Right Circular Cylinder

V=mrth SA=2mr"+27mrh

Cone

V= %m’zh SA=71r’ +mrdrt +h*

Trigonometric and Hyperbolic Functions: Definitions, Graphs, and Identities

See Appendix C.



CONIC SECTIONS

Ellipse

Parabola Hyperbola

Vertex Vertex
/ AN

(1)
(k)
Leta, b> 0 with a>b. Letp #0. Leta, b> 0.
Center: (h,k) Vertex: (h,k) Center: (h,k)
Major axis length: 2a Standard form of equation: Standard form of equation:
. . . ) 2 2
Minor axis length: 2b - 1. (x—h) =4p(y—k) L (x—h) _(y—k) 1
Standard form of equation: Vertically oriented a4’ e
2 2 Foci are aligned horizontally
x—nh y—k .
L ( ' ) +( b2 ) -1 Focus: (h, k+ p) Asymptotes: y—k === (x—h)
a : e 1 a
Major axis is horizontal DlreCthX. y=k-p 5 (y - k)2 (x - h)2 |
2. -k) =4 —h . - =
(x=h) (y—k)’ (y=k) =4p(x=h) a@ b
2. > + > =1 Horizontally oriented Foci are aligned vertically
b a Asymptotes: y—k =+=(x—h

Major axis is vertical Focus: (h +p, k) Symptotes: y—k = _Z(x_ )

Foci: on major axis, ¢ units away Directrix: x=h—-p Foci: ¢ units azwayzfronzl the center,
where ¢"=a”+ b
from the center, where

c=a* - b

Vertices: a units away from the center

LIMITS

Definition of Limit

Let f be a function defined on an open interval containing
¢, except possibly at ¢ itself. We say that the limit of

£ (x) as x approaches c is L, and write lim f(x)= L, if
for every number € > 0 there is a number 6 > 0 such that

|f(x)—L| <& whenever x satisfies 0 <|x—c|<§.

Basic Limit Laws
Sum Law:

i (+) ()] =l £ (+) i ()

Difference Law:

tim[ £ (x)- g ()] =lim 7 (x)~Tim g )

Constant Multiple Law:
lim[ 47 (x)] = klim 1
Product Law:
Quotient Law:

/(x) _lim/f(x)
e g(x)  limg(x)

(%)

im[ 7 (x)2 (x)] =tim f (+) tim (x)

, provided lim g (x) = 0

The Squeeze Theorem
If g(x) < f(x) < h(x) for all x in some open
interval containing c, except possibly at ¢ itself, and if
!{ig}g(x) = £1£rclh(x) =L, then £1£rclf(x) =L as well.

Continuity at a Point
Given a function f defined on an open interval containing c,
we say f is continuous at ¢ if

lim /(x) = /(c).

L’Hépital’s Rule
Suppose f and g are differentiable at all points of an open
interval / containing ¢, and that g'(x)# 0 for all x €/ except
possibly at x = c¢. Suppose further that either

1imf(x):O and limg(x):O

or
limf(x) =40 and limg(x) = oo,

x—c x—c

Then
W) s
el T )

assuming the limit on the right is a real number or o or —o.




DERIVATIVES

The Derivative of a Function
The derivative of £, denoted f”, is the function whose
value at the point x is

oy g L ()= F (%)
f (x):hmT,

h—0

provided the limit exists.

Elementary Differentiation Rules

Constant Rule:

“(k)=0

Constant Multiple Rule:
ks ()] =k (x)
dx dx

Sum Rule:
() (x)] = () + L ()
Difference Rule:
()-8 ()] =2 ()L ()

Derivatives of Trigonometric Functions

—x(sm X)=cosx

—(cescx) =—cscxcotx
dx dx

Derivatives of Inverse Trigonometric Functions

%(sin’1 x) = 11)62 %(cos’1 x) =—
_ 1 d _
E(csc 1x):—|x|ﬁ E(sec 1x):

Derivatives of Hyperbolic Functions

%(sinh x)=coshx

% (csch x) =—csch xcoth x

E(cosx) =—sinx

—(secx) =secxtanx

S (ot x) =1
x| v/x? -1 dx 1+x°

i(cosh x) = sinhx
dx

%(sech x) = —sech x tanh x

Derivatives of Exponential and Logarithmic Functions

d X X d X X

E(e )=e E(a )=a Ina

d 1 d 1 1
! - “ 0 - .=
dx(nx) x dx(og”x) Ina x

Product Rule:

AL~ 270 |es) 1 (3)| L)
Quotient Rule:
DEEGELRANE

g(x) [g(x)]

dx
Power Rule:

%(xr) ="

Chain Rule:

E(tan x)=sec’ x

E(cot x)=—csc’ x

i(tanh x)=sech’ x
dx

di(coth x)=—csch’ x
x



Derivatives of Inverse Hyperbolic Functions

d /. _ 1 d _
a(smhlx):m E(coshlx):

d i -1 d i -
ae ) @t x) =

The Derivative Rule for Inverse Functions
If a function £ is differentiable on an interval (a,b), and

if f'(x) #0 forall xe (a,b), then f~' both exists and is

differentiable on the image of the interval (a,b) under f,
denoted as f ((a,b)) in the formula below. Further,

ifxe(a,b), then (1) (f(x))= f,l(x),

and

ifxe f((ab)). then (f) (x)= )

d i 1

ks x>1 E(tanhlx)zl_xz, x| <1
d i 1

, 0<x<l E(mthlx)zl—xz’ |x]>1

The Mean Value Theorem
If f is continuous on the closed interval [a,b] and
differentiable on (a,b), then there is at least one point
ce (a,b) for which

INTEGRATION

Properties of the Definite Integral

Given the integrable functions f and g on the interval [a,b]

and any constant k, the following properties hold.
L[ f()de=0 2 ["f(x)de=—] f(x)dr
3 ['kde=k(b-a) 4 [k (x)dc=k[ f(x)dx
5. [[r(x)xg(x)]av=[ f(x)dvs] g(x)dr

The Fundamental Theorem of Calculus
Partl

Given a continuous function f on an interval / and a fixed

point a €/, define the function F on I by F(x)= Jx f()dr.

Then F'(x)= f(x) forallx el.

The Substitution Rule
Ifu= g(x) is a differentiable function whose range is the
interval /, and if f is continuous on /, then

[£((x) g (x)dx= [ 1 ()

Hence, if Fis an antiderivative of f on /,

jf(g(x))g’(x)dx =F(g(x))+C.

6. [ f(x)dv+["s(x)dx=]"7(x)dv, assuming cach
integral exists

7. If f(x)<g(x) on [a,b], then
Lbf(x)dx < I:g(x)dx.

8. If m=min f(x) and M:gi)%f(x), then

a<x<b

m(b-a)< | f(x)dc< M(b-a).

Partll
If f is a continuous function on the interval [a,b] and if F
is any antiderivative of f on [a,b], then

["/(x)dv=F(b)-F(a).

Integration by Parts
Given differentiable functions f and g,

[ (%) (x)dx = £ (x) g (x) - [ 2 (x) () b
If we let u:f(x) and v:g(x), then du:f’(x)dx and

dv =g'(x)dx and the equation takes on the more casily
remembered differential form

J.udv:uv—_[vdu.



SEQUENCES AND SERIES

Summation Facts and Formulas
Constant Rule for Finite Sums:

n
Zc = nc, for any constant ¢
i=1

Constant Multiple Rule for Finite Sums:

n n
ani = CZ a,, for any constant ¢

i=1 i=1
Sum/Difference Rule for Finite Sums:

(a8, - Za +Zb

i=1

Sum of the First n Positive Integers:
U n (n + 1)

$i-

= 2

Sum of the First n Squares:

Z;:l'z _ n(n+1)(2n+l)

6

Sum of the First n Cubes:

Z 5 (n+1)

Taylor Series and Maclaurin Series

Geometric Series

For a geometric sequence {a,} with common ratio :

Partial Sum:

snzﬂ,ifr;to,l
1-r

Infinite Sum:

Zar :— 1f|r|<1

Binomial Series

For any real number m and -1 <x < 1,

(1+x)" :i(m]x"

n=0 n

where

(B (3 (525

and (mjz m(m—l)---(m—n+1) for n > 3.
n n!

Given a function f with derivatives of all orders throughout an open interval containing a, the power series

™) (g
.

n=0

is called the Taylor series generated by f about a. The Taylor series generated by f about 0 is also known as the Maclaurin

series generated by f.
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