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1.1 Sets of Real Numbers and the Cartesian Coordinate Plane

Sets and Interval Notation

Definition 1.1. Suppose A and B are two sets.

e The intersection of A and B: ANB = {r|z € Aand z € B}

o The union of A and B: AUB = {z|z € Aor z € B (or both)}
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Cartesian Coordinates
All points in the plane are ordered pairs (z,y) where the 15¢ coordinate is directed distance on

the = - axis and the 21d coordinate is directed distance on the y - axis. The zy-plane is divided
into fours quadrants labeled I, II, III, and IV. ‘

4—‘6_,-[ <L/‘/‘;) :C-X/U>

Gliasd K

-3+ o (4,-3)

-5 L 7

Example 1.1.1. At various times, the amount of water in a tub was measuped and recorded in the
table of values. Sketch a plot of the d%%. ‘

Time | Water in tub o
(min) (gallons) L
0 0 16
1 8
3 24 ¥
4 32
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The distance Formula
(xl ) yl)
‘ ’“\4 l ) | : The distance between two
(é‘l Y » points is given by
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Example 1.1.2. Find the distance and midpoint between P(3,—10) and Q(—1,2)
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Example 1.1.3. The midpoint of AB is(at (1,5)./If A =
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Definition 1.2. Two points (a, b) and (¢, d) in the plane are said to be
7 o symmetric about the z-axis if ¢ = ¢ and b = —d li
® symmetric about the y-axis if a = —c and b = ¢ (_4/ b ) /\

® symmetric about the origin if a = —c and b = —d e S

Shifting Points (Reflections)

To reflect a point (z,7) about the:

® z-axis, replace y with —y.
® y-axis, replace z with —z.
e origin, replace z with —z and y with —y.
Example 1.1.4. Use the graph below to
(1) Reflect the triangle over the z-axis.

(2) Reflect triangle over the y-axis.
(3) Reflect triangle over the origin.
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1.2 Relations

We reviewed in section 1.1 how to graph points so now we want to know how to graph equations.
Suppose we want to graph the equation y = —2z + 5. This is a relationship between z and y where
the value of y is determined by they choice of . For each x we can find a y value and that is one
point (z,y) on the graph:

x y=-—-2r+5
1| (2)(1)45 =
0| (2)(0)45 =

1 | (2)1)+5 =

2 | (-2)(2)45 =
5/2 | (-2)(5/2)+5 =0

z and y Intercepts

z-intercept: 'The point where the graph crosses the z-axis.
To find the z-intercept you set y = 0.

y-intercept: The point where the graph crosses the y-axis.
To find the y-intercept you set x = 0.

Example 1.2.1. Find all intercepts for

y £ 42° - 16z

(d'f,évi'; S/Q/f‘X’lCD ”({

Y-mX S
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Symmetry
Symmetric about\ y-axis

A graph is symmetric about the y-
4+ axis if it is the same on both sides

1 of the y-axis. .
4 . Thus when (a,b) is on the graph ,
— - then (—a,b) is also on the graph. Sl( :)Z

4 @: f(=x) for all z

__’ /7 N ’ ' | x
| s Fe AL 3:/5‘! +%y 1-2«2—"';(
d:é | Syﬁlmetric about z-axis Uy(_ ,K- ‘(/Lu

A graph is symmetric about the z-

\
T ' C.;/ 1) axis if it is the same on both sides LM Lo

- 1 _ of the z-axis.
: / Thus when (a,b) is on the graph

. then (a,—b) is also on the graph.

L /’L) -
/’fa D egohin K

Sore X,

Symmetric about the origin

C aQ ) . A graph is symmetric about the ori-

4 / gin if the graph is unchanged by a
1 180 degree rotation about the ori-

1 I ! L | ) ‘ gln B
1 Thus when (a,b) is on the graph
1 then (—a, —b) is also on the graph.
— a’ - N 2
A 3
The short version ‘ W/,'«,

Symmetry | The equation is equivalent when . ..

y-axis x is replaced with —z = i ’K
T-axis y is replace with —y
origin z and y are replaced by —z and —y.
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Example 1.2.2. Find the symmetry of y = z°.

pr ?
Try replace T with —oz << 9 —0—X0eS W‘M(/ a G

t&——o—n ‘S B — (—m)3 , . ,
ZTry replace y with —y . ‘ L o
y=a’ -y = (z)’ => __'d—:_x? - J

Try replace  with —z and y with y v ‘ 2
- (- e =
- ap =g (- ) ) = g =it
Draw a sketch: Since we have orlgm symmetry we can just, plot a few positive numbers.

x |4 =3

I (
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Example 1.2.4.'7Find the intercepts, determine if there is any symmetry and graph the function:

= 2%+ 3y
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1.3 Introduction to Functions

Definition 1.3. A function is a rule that establishes a correspondence between two sets of

elements (called the domain and range) so that for every element in the domain there corresponds
EXACTLY ONE element in the range.

Defimtlon 1.4. A function in one variable is a set o ordered pairs with the property that no
two ordered pairs have the same ﬁrst element. '

For example: { (-2, 1), (—‘_, 2), (E, 3), _(_a 4), (2 5) ) <<

Definition 1.5. Domain: The ” things” you can put into a function.

o~

Range: The ” thlngs you get out of a function. ¢
/ ' ' Ly, 2 | — oo rddet
DW n g -2 ) | / o ) | g oo €
| uo/

(LON‘-?/Q %‘ ) C 73' L'(/ s —S | 0 oordindf o

Graphically
An equation defines a function if each vertlcal line drawn passes through the graph at most
once. This is called the Vertical Line Test. ' A

For example: i !
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Example 1.3.1. D8etermine whether or not the relation represents y as a function of z. Find the
domain and range of those relations which are functions. Con £ M (e @-Za/éel

(3,9} x ~veloes,

i~ 1 (23,9, (=2,4), (=1,1), (0,0), (1,1), (2,4)

g - c— - _{’ ! -
[u F 2. {(_3’ 0)7 (136)7 (2)-‘3)7(4a2)> (‘—576)7 (4> *9)> (6’2)}
—t Cm—
\\) l: 3. {(z,y) |z is an odd integer, and y is anKeven integer} <& C [ )1) C |’ “{)
_ %:Z, (‘ ?)
N 4A{(-2y)] -3<y<4} C—’L/"l)(~2/|) (l,é) ]

- Example 1.3.2. Which of the following ar@and why? v

La?+y=1 B T:a:a/é/é x 57[""%

2. z+1y2=1 o vl W“"‘(j '

3. r+1yP=1 ) 5 B #2 3 ‘]——\)(
A = -x2 AL Y = [—X 9=

g=1-x yre

Comckion = y=2Ji=x U=
hoo MCGMS_ ]:w‘r‘r/"\

Example 1.3.3. Find the domain and range of the function y=+vx+38.

2 Higs we corS A oo

| o A da ’bad Z2erO
1. 85 peere root o megetive.

el

10
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Example 1.3.4. Use the graph of f(z) below to answer the questions about f(z).
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1.4 Function Notation
We can write a function several ways. The variable used to represent elements of the Domain is

the independent variable and the variable used to represent elements of the Range is called the
dependent variable. The most common way of writing a function is

ependent independent S aw_p_

variable variable

We can also write a function as
fiz—=2r+1

or
Fidlzy) ly=20+1}

Example 1.4.1. Consider the following function: f (z) = 7z + 3. Find the values of f(0), f(-1),
f(=1+h) and f(z + h).

$0) = F(0) +3 =[_\}:

=

Ce)y = (D + =) -

—

(“l\-(/\ 7_7(“)4—"\) + 3 ,
) \.,{.:; 7n 3 (= Fh-1]

Clek)= 2(Gean) w3
= Iy +7h 3

12
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Example 1.4.2. Consider the following function: f(x) = 42?4 3z — 22. Find the values of f (0),

Af(z + h). ;((ﬂ“ -2 ’;(_l\ — L{ 3 —22 ':[—"L(}

“‘2»,

FExh FYLT 43X 3k T2
= L/Qg;ﬁ} F3(Cyxeh) =22 |
= Y (et b)) +—3x+%k~?—L |

— dx* ,Jika FULE X 1-3k L2

Piecewise Functions.

Example 1.4.3. Evaluate f(0), f(=1), f(1), and f(2) fork‘

' 242 ifr<]l « OLI|
fl@)=9., .
274 +2 ifz>1

;(o) = ‘0'?—{,.2_{(:;—’1_‘ | -9.( () = 2 () #2 _{;—'/1
¢(-0= n—v_-{ﬂ ((r) = 2(«) /-z:[ig/

Example 1.4.4. Determine the domain for the function. Write your answer i

; i iprTnterval Notation
and as an Inequality. )
f(z)=—-1++14x—5 ‘ : ‘

4% -5 2z O

-
My zZ s
A

13
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Example 1.4.5. Determine the domain for the function. Write your answer in Interval Notation
and as an Inequality. : —
J(z) = x23i ;_xQE 8
Con £ Aluida 6;1 Zefo .
XL sv~-8§= O | |
)(,,_ -b F \J b*—Yac Wm/\zft
T 2 G g:dr‘”"\*’zﬁ—
Cc=( =% ¢c=-% 6
<2 L
y = -9 ) 6Y-qcn(-8) 5 2
| 2C1) 96=6-16
_ —stJeg | B
2
_g +l6-¢
A
_s*ryJe _ =8 ¢ 4Je
= 2 - 2 2

(0 t-2) U (-2, ~er2k) U(Hredye)

B 3
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1.5 Function Arithmetic

Arithmetic Combinations

We can add, subtract, multiply and divide functions much like we do with real numbers.

Notation g ?C)C) = "')(3 L 3

L (f+9)(@) = /(@) + g(z) — 5 ) = — (=3 +3)
2. (f = 9)@) = f(&) — 9(2) - / R |

3. (f-9)(x) = flx)-
AV IC)
B (g>( )‘ g(z

Example 1.5:1. If f(z) =22+ 3 and g(z) = 2% + 1 find
O & 900

(f—!-g)(x) =2z+3+22+1 —lx + 2z + 4 I : ‘
| {ast) (¥EFD) =203 - =1 -/-—x’— ngﬁ

=(ms)c»< HY 203 Py 3]

| (’9 ) jf: 13

We can evaluate these new functions the exact same way we did before. Whatever is in the
parentheses is replaced for x in the equation.

Example 1.5.2. If f(z) = 2® + 22 — 3 and g(z) = 23 —3:1; — 4z find 3('-” =Tt=3 }_L/:'O

)(f+g)( Do =y +9 O = —H+ O —-11(2 g
b) (f & (- n.)-—- —6O )=

'QC?«) 9(2) = & 9()= g 12 —8
¢) The domain of (g) (z) = ; | = o2
fry) | XT+2x -3 ¢t Aesprcridor = O
glx) ~ x=3Lt-HX Facfer Y=z
o= K- 3t X = X (X535 =Y = (
| x (+ 1 )x-1) |- = -3

VJifo  xt *fw—] bt T 5
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/’/r/}(ample 1.5.3. Suppose f(z) = 2% — 2z 4+ 1. Find '
Jzth) - flz) (Difference Quotient) QCX)

h

/-\_/\_,_.\
X”k:«‘%&): (xn\) @Cx ih) f—( @(x —2x +l>
| /4zxkf~kl~ X - lhi/(’/{z{'//

2xh#h® =2k R (zx +h -]
T T W |
W wh )= (xeh)(d+h)

)

Example 1.5.4. A company produces very unusual CD’s for which the variable cost is $ 7 per CD
and the fixed costs are $ 30000. They will sell the CD’s for $ 52 each. Let z be the number of CD’s
produced.

1. Write the total cost C as a function of the number of CD’s produced. C (z)
2. Write the total revenue R as a function of the number of CD’s produced. R(z)

3. Write the total profit P as a function of the number of CD’s produced. P(z)

4. Fmd the number of CD’s which must be produced @ PC X ) \O

[. Oty = 20,000 + F K

2. {zu\'slk
— S2Y — (30 00 o +~?>/)
— (__(g~)< _,SOJOCDO —

30,000
{. d5Xx-30,000 =0 X= Toe ~[ééi_J

16



Chapter 1 Notes, Precalculus 3e Stitz/Zeager Chalmeta

1.6 Graphs of Functions

Definition 1. 6 The graph of a function f is a collection of ordered pairs . (:z; f(z )) such that x

is in the domain of f(z). A( ?Olné's (_X' '{f M L E
Recall: » = (o Frowe,

z is the distance in the 2- direction. y = f(z) is the the distance int the y direétion.

‘Domain and Range

The domain of a function is thdse x—values that we can'use in the function. -
The range of a function is the y-values we, get out of the functlon

Example 1.6.1. y = 22 " e o

Domain: All real numbers.
Range: y > 0.

X \/& :QCYB
: A _
Ap/./j‘.‘[ (‘JFOSQ,;,&%KQ

. N \L
Zero’s of a Function 6 SQk k
Definition 1.7. Themn f(z) are those z-values for whi

|
Q: How do we find the zero’s of a function?

A: Set the function equal to zero. Also

Factor!  Factor!  Factor!
Example 1.6.2. Find the zero’s of f(x) =322 +22 - 16 )= O
1=16"1 (3&»»1)@4—-5):0

_ oy , jax +HUXZI6X
- g2 IYX-2 =0 or YLr¥=0O o

A=3 #}1'81

17
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x? —~9a:+14
Ax

Example 1.6.3. Find the zero’s of f(r) = o

X = AXHIU=O » -k -F=o K~ 20
(X - ?}QX“ 2) = O xL=Z y ")(’Z‘—Q

Increasing and Decreasing Functions

Definition 1.8.

A function is increasing on an interval if for any z, and T in the interval Wlth 21 < Ty then
f(#1) < [(z:). qraph goes f &5 wa Andue Lrom [eft fo ri

A function is decreasm@ on an interval if for any z; and x, in the interval with z; < z the

f(@1) > f(22).

A function is constant on an interval if for any z; and z in the interval f(z1) = f(22).

Example 1.6.4. \)\) Lﬂrr‘-c e, g%) S il /de.c./’e&%? (7)
y - \jw(u’-_';s '

(-1,2)

D’q_,c,r‘e,a-&-&g o
(-0, )  Twe (o, =1 )U(1 @)

R - ﬁéwtff Ve (=1 1)

18
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Example 1.6.5. Use the graph to solve the equation z* + 2
| Y L‘VJ 1 E‘“Q

LeroS

LN

w

7
RN
T{-

—4 —3(—2 N2V \ -~

(¢ 8]

Linear Functions
f(z) =mz+b Linear Function

Graph: ' lé':’)’n X@ .
=~

Example 1.6.6. Graph f(z) = 3z —2

Step 1: Plot y- intercept.

. _ slopz =
Step 2: Plot another point using the slope 3 -2 = s P rise
‘ 2  run A s
4- g // — X - fu~
: - 1x-2
‘,.,_ ] 7
= st
l L —_

19
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Graphing Piecewise Functions

Example 1.6.7. Graph e WW\%\

3p—2 > 2
3 x¢ 7t ‘ { : x';/

uk:z
\\

Example 1.6.8. Graph
y A ¥
/

A4 | Y. Yy = o
\\ SN gt gl

OND

[y

fu 2y

N
‘\j:
. R
"
S
o

;

20



Chapter 1 Notes, Precalculus 3e Stitz/ Z'eager Chalmeta

Even and odd functions : 7(_'(;)[) -
Definition 1.9. £V #™~ S g \1»1 m

A function is even if f(z) = f(—z) for all  in the domain of f (:c) Q( 2) =
A function iSOd%f flz 2 —f ( for all z in the omaln of f(z)
r

o c)r vl me H_—Z):‘: "‘Y

Example 1.6.9. Is h(z) = 2° — 52° even odd or ne1ther
Look at h(—z):
| h(-z) = (—z)° = 5(-z)’
=-x¥ psyx®
=-(xT-¢x%) =
Example 1.6.10. Is h(z) = z* — 322 even, odd or neither?
Look at h(—z):

_h(xy odd

h(—2) = ()" — 32’
-yt =) &ver

Example 1.6.11. Is h(z) = 23 — 5 even, odd

Look at h(—zx): . _ 3 s o
— hWix)= X =3x

h(=x) = C"‘)( )3“

N pof  —h(¥)
Or hix)

21
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R

1.7 Transformations 7
Basic Graphs : -
i flx)==z ’ Y /\L, (ﬁ
f(z) = 2?
z T T />X
.
\
Y f(@) = I o |
z) = |z g
q= {
f(z) =2°
x . s
i «
1
Shifting Graphs : N
W
Moving up and down o %25’()‘) '90 A

h(z) = f(x) + a moves f(z) up ”a” units. :
h(z) = f(z) —a moves f(z) down "a” units. : % = SLC)Z@

—

Example 1.7.1.%2 2~ 3 f(z) — 3 if f(z) = 2°. Graph f(z) and h(z) on the same set of

axes.

=x3+§,\y> | 7\ » 2,

929
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Moving left and right
h(z) = f(z +a) moves f(x) to the left "a” units.

h(z) = f(z —a) moves f(z) to the right "a” units.

Example 1.7.2. / (z) = |z — 2| + f(z —2) if f(z) = |2|. Graph f(z) and h(z) on the éame set of
axes.
| ht
v | VST P2 AR
4+ f(z) = |z] \ —9 f—»—\/ z WR’
N M) = |z — 2 S}(x 2) = lx-~2]
| T - Y 13141(:
1 2 }1 ‘@&(, 3 2 vils

-2 +

WMMW-'

—_ 3 . T

Example 1.7.3 h(x 1@ d flz+ 2 — 3 if f(x) = z* Graph f(z) and h(z) on the

same set of axes, N
Yy ‘f( ——:r3 &ﬁﬁwﬂ g

[\

,,,,,,,,,,,,,,

o ~

oo
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