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Intervals - describe the set of real numbers between -2 and 4,
including -2 but not including 4:
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Intervals - describe the set of real numbers between -2 and 4,
including -2 but not including 4:
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Intervals - describe the set of real numbers between -2 and 4,
including -2 but not including 4:

{x| —2<x<4} =[-2,4)
(the last, [—2,4), is interval notation)
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Intervals - describe the set of real numbers between -2 and 4,
including -2 but not including 4:

{x| —2<x<4} =[-2,4)
(the last, [—2,4), is interval notation)

Sets?
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Intervals - describe the set of real numbers between -2 and 4,
including -2 but not including 4:

{x| —2<x<4} =[-2,4)
(the last, [—2,4), is interval notation)

Sets?
{5,11, -3}
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Intervals - describe the set of real numbers between -2 and 4,
including -2 but not including 4:

{x| —2<x<4} =[-2,4)
(the last, [—2,4), is interval notation)

Sets?

(5,11, -3}
{3,6,9,12,- -}
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Intervals - describe the set of real numbers between -2 and 4,
including -2 but not including 4:

{x| —2<x<4} =[-2,4)
(the last, [—2,4), is interval notation)

Sets?
{5,11, -3}
{3,6,9,12,---}

Schematically, set notation for a set S is written in the form
S = {x € category | test determining whether x is in the set }.

An object xis an element of a set Sif it is contained in S, that s, if it passes the test written
in the second half of the preceding notation. When this happens, we write x € S.
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Write the following in interval notation:

11
A4 221012 3 4045

sttt
A4 221012 3 446
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Write the following in interval notation:

11
A4 221012 3 4045

sttt
A4 221012 3 446

1
A4 221012 3 4045
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Suppose A and B are sets.

(@) The union of Aand Bistheset AUB = {x|x € A orx € B}.
(b) The intersection of A and Bis the set ANB = {x|x € Aandx € B}.

OO®O®
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Suppose A and B are sets.

(@) The union of Aand Bistheset AUB = {x|x € A orx € B}.
(b) The intersection of A and Bis the set ANB = {x|x € Aandx € B}.

OO®O®

) )
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Suppose A and B are sets.

(@) The union of Aand Bistheset AUB = {x|x € A orx € B}.
(b) The intersection of A and Bis the set ANB = {x|x € Aandx € B}.

OO®O®

) )

4321012 3 405
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Rational and Irrational Numbers
(a) A rational number is a realnumber that can be written as a
quotient of the form g for some integers p and g, with g # 0.

(b) An irrational number is a real number that cannot be written
in the form of a rational number.
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For the record, some standard sets of real numbers will be
designated as follows.
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For the record, some standard sets of real numbers will be
designated as follows.

» The set of natural numbers = {1,2,3,4,---} - N.
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For the record, some standard sets of real numbers will be
designated as follows.

» The set of natural numbers = {1,2,3,4,---} - N.
» The set of whole numbers = {0,1,2,3,---} - W.

Review the basic language of sets and the meaning of symbols like
€, C, U, N, 0 ~ and so on.
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For the record, some standard sets of real numbers will be
designated as follows.

» The set of natural numbers = {1,2,3,4,---} - N.
» The set of whole numbers = {0,1,2,3,---} - W.
» The set of integers = {0, £1,+2,£3,---} - Z

Review the basic language of sets and the meaning of symbols like
€, C, U, N, 0 ~ and so on.
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For the record, some standard sets of real numbers will be
designated as follows.

» The set of natural numbers = {1,2,3,4,---} - N.

» The set of whole numbers = {0,1,2,3,---} - W.

» The set of integers = {0, £1,+2,£3,---} - Z

> The set of rational numbers = {x | x=£,p,q € Z,q # 0} -

Q

Review the basic language of sets and the meaning of symbols like
€, C, U, N, 0 ~ and so on.
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For the record, some standard sets of real numbers will be
designated as follows.

» The set of natural numbers = {1,2,3,4,---} - N.

» The set of whole numbers = {0,1,2,3,---} - W.

» The set of integers = {0, £1,+2,£3,---} - Z

> The set of rational numbers = {x | x=£,p,q € Z,q # 0} -
Q

» The set of real numbers - R.

Review the basic language of sets and the meaning of symbols like
€, C, U, N, 0 ~ and so on.
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Cartesian co-ordinates

le

(1,4)
. {(=5,3)

- N W kW,

L(2,1)

o

-7-6-5-4—3—2—11 123455?h
(_31_2)0 2
e 2l.sl, -3)
-4
-5

Distance between two points: /(x2 — x1)2 + (y2 — y1)2
Write the equation of a circle with center (2, —1) and radius 3.

Are you familiar with the other conic sections?
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Solving (mostly polynomial) equations.
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Solving (mostly polynomial) equations.

Solve:
> 2x —3=9
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Solving (mostly polynomial) equations.

Solve:
> 2x —3=9
> 2x2 —5x+3=0
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Solving (mostly polynomial) equations.

Solve:
> 2x—-3=09
> 2x2 —5x+3=0
> x2 4 x=2
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Solving (mostly polynomial) equations.

Solve:
> 2x—-3=09
> 2x2 —5x+3=0
> x2 4 x=2
> x24+x=3
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Solving (mostly polynomial) equations.

Solve:
> 2x—-3=09
> 2x2 —5x+3=0
> x2 4 x=2
> x24+x=3
p 2°-5x+3 _

x2—-2
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Solving (mostly polynomial) equations.

Solve:

> 2x—-3=09

> 2x2 —5x+3=0
> x2 4 x=2

> x24+x=3

> 2X2XEE>§+3:0

> 2x2X;E>1+3:0
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The Quadratic Formula

If a, b, and c are real numbers, the solutions of the quadratic equation ax? + bx +c¢ =0

are of the form
e —b+ /b — dac
=
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Formulas for Factoring Differences of Powers
For all real numbers 2 and b, and any positive integer n,
a2 - =@-ba+b
a® —b® = (@ — b)(a® +ab+ b
=t == b ta P Ll LT el L Y
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Formulas for Factoring Differences of Powers
For all real numbers 2 and b, and any positive integer n,
a2 - =@-ba+b
a® —b® = (@ — b)(a® +ab+ b
-t =@@-b@+a2b+a P+ P42 a2 Y

Algebraic Rules for Fractions

Let @, b, ¢, and d be any real numbers. Then (assuming that no denominator in any
expression is zero)

it WEEE GrEE-E
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Formulas for Factoring Differences of Powers
For all real numbers 2 and b, and any positive integer n,
a2 - =@-ba+b
a® —b® = (@ — b)(a® +ab+ b
=t == b ta P Ll LT el L Y

Algebraic Rules for Fractions

Let @, b, ¢, and d be any real numbers. Then (assuming that no denominator in any
expression is zero)

it WEEE GrEE-E

More Algebraic Rules for Fractions

Let a, b, ¢, and d be any real numbers. Then (assuming that no denominator in any
expression is zero)

ad — be C(a)=a_c (aft) _ a a ac

bd b ¢ be ®o b

=~ 2~
o
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Systems of equations?
x—y= -1
y+x2 =3
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Solving (mostly polynomial) inequalities.
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Solving (mostly polynomial) inequalities.

Algebraic Rules for Inequalities
Suppose 4, b, and c are nonzero real numbers.

(@) Ifa<bandc > 0,thenac <bc. (b) Ifa <bandc < 0, then ac > be.

(c) If0<a<b,then%>%. (d) Ifa<b thena+c<b+ec.
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> 2x —3<9
> x4+ x<?2
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> 2x —3<9

> x4+ x<?2
1

> 322
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> 2x —3<9

> x4+ x<?2
1

> 322

> [x—-3]<3

> 2x— 1] >5
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Write the following in interval notation:

{x; x<5}=
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Write the following in interval notation:
{x; x<5}=

{x; x>=-3}=
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Write the following in interval notation:
{x; x<5}=
{x; x>-3} =

{x;3x—-5>0}=
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Write the following in interval notation:
{x; x<5b}=

{x; x>-3} =

{x;3x—-5>0}=

{x; 1<-3x+5<2}=
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Write the following in interval notation:
{x; x<5b}=

{x; x>-3} =

{x;3x—-5>0}=

{x; 1<-3x+5<2}=

{x; 2x =7 <3} =
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Write the following in interval notation:
{x; x<5b}=

{x; x>-3} =

{x;3x—-5>0}=

{x; 1<-3x+5<2}=

{x; 2x =7 <3} =

{x; 2x=7|>3} =
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A function f from a set A to a set B is an assignment f that associates to each element
x of the domain set A exactly one element f (x) of the codomain, or target, set B.
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A function f from a set A to a set B is an assignment f that associates to each element
x of the domain set A exactly one element f (x) of the codomain, or target, set B.

If f is a function between unspecified subsets of R, then we will take the domain of f to
be the largest subset of R for which f is defined:

Domain( f) = {x € R | f(x) is defined }.
The range of such a function is the set of all possible outputs that it can attain:
Range(f) = {y € R | there is some x € Domain( f ) for which f(x) = y}.
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A function f is one-to-one if, for all 2 and b in the domain of f,

a#+h = f(a) £ f(b).
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A function f is one-to-one if, for all 2 and b in the domain of f,

a#+h = f(a) £ f(b).

The graph of a function f is the collection of ordered pairs (x, f (x)) for which x is in the
domain of f. In set notation we can write

Graph(f) = { (. f()) | x € Domain(f) }.
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A graph that is a function A graph that is not a function A function, but not one-to-one

y y Y
4t : 4t
34 34
24 24
1+ i Tt
i :
—x : x
1 2 3 4 1
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Example - let ¥ be the function that assigns each real number to
its square.

fix— x2
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Example - let ¥ be the function that assigns each real number to
its square.

fix—x?

or

f(x) = x?

\\ - /
T

Calculus with Functions MATH 231, Chapter 0



Example - let ¥ be the function that assigns each real number to
its square.

fix—x?

or

f(x) = x?

\\ - /
T

f - “the function”
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Example - let ¥ be the function that assigns each real number to
its square.

fix—x?

or

f(x) = x?

\\ | /
T

f - “the function”
f(x) the number that the function assigns to some input value x.
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f(x) = x?
Domain of 7 Range of 7
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f(x) = x?
Domain of 7 Range of 7

Find
> 1(3)
> f(w—2)

f(z)
f(w3+1)+2

f(x+h)—Ff(x
> Lokt
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Suppose:

> g(x) = Vx2+2x
> ) =
> k(X) = 9x22X—4
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Suppose:
( ) = Vx% 4 2x

x2+1

\_/v
H

(

Domain and Range for g, h, k?
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Suppose:

> g(x) = VxZ+2x

Domain and Range for g7
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Suppose:

> h(x) = 55

Domain and Range for h?
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Suppose:

SUORE=

Domain and Range for k?
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The function { I'he Mnction g

4 4t 3
3 3
2 \-— 2l
ARV
11— 1-8 N
— i
Il 1 2 3 4 1 2 3 4
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The function { I'he Mnction g

4 4t 4
3 3
2 \-— 10—
ARV
14— 1-2 g
— i
I 1 I 3 4 1 2 3 4

What are the domain and range of 7
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The function { I'he Mnction g

4 4t 4
3 3
2 \-— 10—
ARV
14— 1-2 g
— i
I 1 I 3 4 1 2 3 4

What are the domain and range of f7 g7

Calculus with Functions MATH 231, Chapter 0



Vocabulary

fhasarootatx =c

f has a y-intercept
aty=1>

f is positive on I

f is increasing on I

f has a local
maximum atx = ¢

f has a global
maximum at x = ¢

f is concave up on I

f has an inflection
point atx =c¢

Definition
f© =0
fO)=0b

f(x) > 0forallx eI
fO > f@)

forallb > ainl

fO=f®

for all x near x = ¢

f©=f()

for all x € Domain( f)

will state precisely in
Section 3.3

will state precisely in
Section 3.3

Behavior

graph intersects the
x-axisatx =c¢

graph intersects the
y-axisaty =b

graph is above the x-axis on I

graph moves up as we
look from left to right on I

graph has a relative “hilltop”
atx=c

graph is the highest
atx=c

graph curves upwards on [
like part of a “U”

graph of f changes
concavity at x = ¢
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Algebraic functions

Type

Linear

Power

Polynomial

Rational

Other

Calculus with Functions MATH 231, Chapter 0

General Form

flx) =mx+b,
where m and b are any real numbers
f@) =

where A # 0 is real and k is rational

f() = apx"+a,_1x" 1+ . +arx+ag,
where 7 is a nonnegative integer and
each a; is a real number

_
= cr
where p(x) and g(x) are polynomials

any other algebraic function that is
not one of the types listed

Examples

Foi="2x =1, = i) i="1"4x
) =8, )=z

f@) =3 —2x%+x-6

3x2—1
&= o
f =T =y



=
- B AR s
Straight lines
y=mx+b
- o n __ verticalchange __ y»—y1
m = s/ope = “rate of Change ~ horizontalchange — xx—x1

b = y-axis intercept
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Point slope form y—y1=m(x —x1)

“General” form Ax+By+C=0
Horizontal line ?
Vertical line ?
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Find the equation of each line graphed below:

a b.
-5 5
C it d ¥
. !
] B i |
i :
Also find:

An equation for the line parallel to a) through (2,1).
An equation for the line perpendicular to b) through (—3,2).
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Also find:
An equation for the line parallel to a) through (2,1).

Calculus with Functions MATH 231, Chapter 0



Also find:
An equation for the line perpendicular to b) through (—3,2).
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.
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Transcendental functions

Type Examples

Exponential fo) =2% f() =3¢*, f(x) =1.2(3.4)%
Logarithmic fl) =log,x, f(¥) =Inx, f(x) =log,x
Trigonometric fx) =sinx, f(x) =cosx, f(x)=cotx

Inverse Trigonometric f(x) = arcsinx, f(x) =cos™'x, f(x) = arctanx

Other f) =x+sinx, f@x) =In(yx+12), f(x) =2%arctanx
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Suppose f and g are functions and k is a real number.

(a) The constant multiple of f by k is the function kf defined by (kf)(x) = kf(x) for
all x in the domain of f.

(b) The sum of f and g is the function f + g defined by ( f + g)(x) = f(x) + g(x) for all
x in the domains of both f and g.

(c) The product of f and g is the function f - g defined by (f - g)(x) = f(x)g(x) for
all x in the domains of both f and g.

(d) The guotient of f and g is the function é defined by ( )(x) f (I) for all x in the
domains of both f and g with g(x) # 0.

The composition of two functions f and g is the function f o g defined by
(fo)®) =f(gk)

for all x in the domain of g such that g(x) is in the domain of f.
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Transformation Graphical Result Algebraic Result

f)+C shifts up C units if C > 0 xy) = @Gy+ 0O
shifts down C units if C < 0

fe+0) shifts left C units if C > 0 @y > &x-Cy
shifts right C units if C < 0
kf(x) vertical stretch by k if k > 1 Yy - (o ky)
vertical compression by kif 0 < k < 1
; ; : 1
fkx) hon’zcmtal compression by kifk>1 @y) = (_ x y)
horizontal stretch by kif 0 < k < 1 k
—f(x) graph reflects across the x-axis xy) = @& -y
f(=x) graph reflects across the y-axis @y = (—xy)
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Suppose:

> f(x) = x?

> g(x) = vx2+2x
X2

> k(x) = g3
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> f(x) =x2

> g(x) = Vx? +2x

> h(x) =

> k(x) = 523
Find

> (f+g)(x)
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Suppose:

> 7"(X):x2
> g(x) = vx2+2x
X2
> k(x) =53
Find
> (f+g)(x)
h h(x)
> () =259
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> 7"(X):x2
> g(x) = vx2+2x
X2
> k(x) =53
Find
> (f+g)(x)
h h(x)
> () =259
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Suppose:

> f(x)= x2
> g(x) = vx2+2x
X2
> k(X) = gX22X_4
Find
> (f +g)(x)
h h(x)
> () =259

ko f(x) = k(f(x))
fg(x) (or (f + g)(x))
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Suppose:

> f(x) =x2
> g(x) = Vx? +2x
> h(x) = 5
> k(x) = 525
Find
> (f+g)(x)
> 500 =56
» ko f(x)=k(f(x))
> fg(x) (or (f = g)(x))
> gof(x)=g(f(x))
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Suppose:

> f(x) =x2

> g(x) = Vx?+2x

> h(x) =

> k(x) = 523
Find

> (f+g)(x)

>

> ko f(x) = k(f(x))
> fg(x) (or (f = g)(x))
> gof(x)=g(f(x))
> fog(x)="r(g(x))
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The function { I'he fanction g

4 4 -
3 3
2 \-— o —
ANV
1 18 “ag
-
I 1 2 3 4 1 2 3 4

Calculus with Functions MATH 231, Chapter 0



The function {

I'he Iinction g

ANV

4 44
3 3
2 \._ p
1 1-2
—&
I 1 2 3 4

Find

> (f+8)(2)

> £2)

> gof(3)

> f2(2)

» fog(2) (approx.)
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A function f is an even function if f(—x) = f(x) for all x in the domain of f.
A function f is an odd function if f(—x) = —f(x) for all x in the domain of f.
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A function f is an even function if f(—x) = f(x) for all x in the domain of f.
A function f is an odd function if f(—x) = —f(x) for all x in the domain of f.

1
fo) =~ g0) =xt —a?
is an odd function is an even function
¥ Y
3} 3t
24
t t —% 14
1 2 3
AT
+ =X
2 -~ [ 2
-1+

Calculus with Functions
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N 2+x
)= 1+4x2

is neither even nor odd




If f and g are functions such that

g(f(x)) = x, for all x in the domain of f
f(g@)) =x, forallxin the domain of g

then g is the inverse of f and we denote g by f =1
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