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2 Linear and Quadratic Functions

2.1 Linear Equations in Two Variables

The simplest mathematical model is the linear equation in two variables. The standard form is

(slope-intercept)

where m is the slope and b is the y-intercept. You will recall that

rise

_ \( =
slope = ——. _/_\ mMeans C.(«.am;zw‘m

‘“

The slope is the amount of vertical change relative to the horizontal change. Sometimes we think of it as
the "change in y” over ”change in z”.

To calculate the slope between two points (z1,y1) and (z2,ys) the formula is:

y2—y1 Ay rise
m= —————m —— — _
zo—1x1 Az run

Positive Slope Negative Slope

%/Ax:; .LA:x\:
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Slo pe = (e~ of T 1w
Example 2.1.1. Sketch the éﬁaphs of the following two functions: (},
Yy=2z+3 \
-2
L3 Y9
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Example 2.1.2. (Fmd the slope between the following pairs of points.
X

(x90) (e 92 ) ~
(a). (T3 '0) and (ﬁ 4) _ 11/_}_1___
(b). (-3, 1) and (4, 1) Y~ — X,
(¢). (-3, 1) and (-3,4)
H-0 o-% . Y
M= G — - 7

)

1~ _ = __% = O
M= T~ - i
4= — —-g- M,%;rpeo{ ' ’
M= 3 - () o

2.1.1 Point-Slope Form

X x PR
r:; always need two things: CQ /@ Z

1. int: , AND
a point: (z1,y) \/Ml‘-’l)('e/s

¥ zasmm X Mo E,/ ?“‘" nnbirs here.

'( Example 2.1.3. Write the equation of the line through (-3 O) and (4, -4). Write the equation in the point

,(/lopeformandthew ( ,,‘1,} (k’;_, '12,)
\J eeed /4,)34 (=3,°)

2. Slhpe m=

tfl('zs"é//_‘_ﬁ/‘—ca ——'V
X1=% I Gl o) e
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Example 2.1.4. Write the equation of the lines through

). (-3, 1) and (4,1) WM = O (<) id—%!l z (VY ~ Z\

O @1 md (34 ~ bondsf -t = o(x -~ q)
7(,-,_3)1/M7Lco.j,(’““€ %N <_)~/L0/‘1Z~0'WM
N X = S gve rembo

: — S‘UM
2.1.2 Parallel and Perpendicular Lines nuem 6}1’ ,

o]

Parallel lines have the same slope. If y = m; z + b; is parallel to Yy =mg = + by then m; = mgy.’

Perpendicular lines have negative reciprocal slopes. If Yy = my x+by is perpendicular to y = mo z+by

then m; = ——.
my

Example 2.1.5. Write the equations of the lines parallel and perpendicular to —4z + 2y = 3 passing
through the point (2, 1).

Meedt . ’Pf (2 1) (Xl‘ﬂ»)
2 S[Oﬁof m = mea/é }(nau) W«{ %

~qxX r2Y=3 S y=mx thy dormm
4’_(_,()( Y Orl\%

/%’ ‘1’)(*3 :>(3:9\>(+§J

W vite

=) Y—1 =Mmlx=x, )
"JMM {‘J—— | = 2L (x m L— fOI\V\)“S/OPQ
) Jort [y =2x- éJ < Slopa wntorcapt

_ 1 _ :WCX~¥¢)
/W’_L’ ;q—iﬂ @M;&(m)

wot g Zmmx 4+ b O
\ \?:/lg_x 2 Y ~32% £ K < w¢,{,‘<;r b.

| = ~3 )+
| -1+ => b= 2

"y

N )l
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2.2 Absolute Value Functions

Definition 2.1. The absolute value of a real number z, denoted |z, is given by

—z, ifz <0
|z| = .
z, ifzx>9

Absolute Value Properties

1. Product rule: [ab| = |a]|b|

[\

. Power rule: [a"| = |a|”

_ld

ol

[9N]

. Quotient rule: ’%i

B~

. Equality property 1: |z| = 0 if and only if z = 0

. Equality property 2: For ¢ > 0, |z| = cif and only if z = c or z = —c.

S ot

. Equality property 1: For c<0, |z| = ¢ has no solution.
An equation with an absolute value is always TWO equations:

|z |=4 = z=40R —z=4
Example 2.2.1. |z |=2?+2 -3

We start by writing it as two equations:

r=a224+212-3 —rx=2>4+z-3
—x +xp +X
O =x* -3

O=x°+2x~-3

+3 +3
O =(x+3)(x— )

3 =x*
+[3 =¥ Pr (1320 o X-)=0

— V=-3 X ¥
R

——————

ALWAYS check your solutions:

2
3 =J3) +J3 =3 = vz

-Fl=(R)= S -3 = -

— ,ll.:[lq_[-'gzé—( N O
- -7 [-31=9 —3—%8= 3 .~

O
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Example 2.2.2. Sketch a graph of f(z) = 1|z — 1@ A,O W N 3

= i(*‘f“g
= .l /2

2 1 -
= —|
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2.3 Quadratic Functions
Definition 2.2. Let a, b, and ¢ be real numbers with a # 0. The function

f(m)—ax +bx+c ot y

is called a quadratic equation.

The graph of a quadratic equation is a parabola. All parabolas are symetric with respect to the
axis of symetry which passes through the vertex.

Example 2.3.1.

flz)=2*+2z+1 OR flz) = —2® — 2z — 1
)(':.Sav»-t WW ) L2
——B — \
S@g g = — = 2(-")
4 | A ze
X c |

SU(L X=O

a > 0 graph opens up a < 0 graph opens down

The Standard Form of a Parabola

R
f@) = o - h)2+ k {\Z/

Vertex is located at (h, k)

if @ > 0 graph opens up
if a < 0 graph opens down

Alternate form

It
flz) =ar® +br +c

vertex = (%5, f (g—;)) .

/)(_—COOPJ as} v fex — "_\3__
2CC

then the

@



= 2

q’Y(b@k SLC>!3’:- 1)(7' — 1Y =Y L

Step |, Vertex X = -5 ¢=-1Y
2 G
—(-(2) 12
R N VS -3
2 () “
?:;(3312(4\ _12(R) /9
e ('%/ -‘“sz) VerteX

B,

e

3\‘:@4)2\, %-4‘”‘_.‘; S,JF ‘a -0

(> =2xT—12x — 14

O :2()(7'_6)(-7.)

0 =2(x—-H)(x + )
2 (Y —Fv Ly - »;{)

O = 2(x+1) (x~%)

X‘}"to or )(._;l:O
X~ e

‘j’fzﬂf Q(@): — 1Y
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Example 2.3.3. Graph f(z) = (z —6)?+3 =

Ver tex Lé [ ))}

K -iA S o= (x-6) +3
s — 3
+ Q—;_—é—_)/ No enCrvsr,

o o y-=%-

Step 4: Sket
Ho
35
30

e

2 o

Example 2.3.4. Find the S'Jandard form for a parabola that has (0 1) as its vertex and passes

through the point (1,0)
iﬁﬂx\ —O( %~ "\ 1-@ (h,l)= V"’ﬁl‘e/
(/‘M\LX - GJ' ‘

—— = 4 2(_-0) + |
g =5002¢ ¢

‘ Ol““J( s ‘
S‘J'I\C/\‘\ H’t‘ﬁ\ ? N (ﬂtc_))(>('~0)lf'l
:L}C&_‘C\\ +~‘ Tj,_:-}fzi-\ /

= -

—

——



)(1{&{)(1-0/ =(x +2)Xx + 2 ) £—
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Example 2.3.5. Convert to standard form f(z) = 2% + 6x + 5 and graph.

L) =a(x-1)" + R

~—— —3/’0/
(’M/"& He S ol Ver ter ( )

OPM /‘-A(P
C(x)= x L% FG)T e — 1
N

X —sks Sef =0
X2H6X +5= O
( X +SY(Cxt+1) =0

Y=, x=

/\-/‘—'—\
Example 2.3.6. Convert to standard form f(z) = 22 — 2z — 8 and graph.

firl = (x-4) "
SLCX)»X?'@ZX +‘ ﬁ"g/:l___.

/’pcx/)—;,x@| -‘7] = Virtex CI )

X- A2 O
-9
:‘_ﬁ: fz)c-l)z’
ty = x|
 (
[ £33 =X
X=Y 2




W — Y= —10 x — U [~-cO
'VP)'VD( (l/ﬂ/r(rcwé) ¢ =~
)(-ij o S’:x\\
orte xq@ 1 = = 20 y

‘j: Dz 4 ~1€.S

%,M cf yzo % ‘ﬁ:'”

|

) 3
)(—-/;7( st 7 =<
rre Soemida S O =ax tbx+l
et ~ — P
_ (o
- >~ 176
_(-10) £ J oyt -y ()= 1) %Tngfi
T
|lo 1 J 2Z¢
- €







Chapter 2 Notes, Precalculus 3e Stitz/Zeager

Example 2.3.7. Factor the following

Chalmeta
1. 9z -
[ »—(x 3)(%#?) /
| (S = 53
= /S
2. z° — 8z% + 1bx — 7((}(1—8XF15~)

— i (x—5)(x — 3)
[~

3. % + 1lz + 28

-
(x ~F) « 4 ‘/)/
. Y

t

n “

4. 6t2 4+ 5t —4

@t F DY (24 —

5.522—%’.’2_3_2—1—12((:; = SX 2 Fr V)
|2 =

Z‘I S‘i‘_r./

b

2:6
:@3.

11
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2.4 Solving Inequalities with Absolute Value and Quadratic Functions

2.4.1 Graphing inequalities

T >2 SR/ mrerer——y
5-4-3-2-10 1 2 3 4 5 6
z 22 T =

—-5—-4-3-2-101 2 3 4 5 6

TSOANDG YT | gettes@T 2 K= 2

-5—-4-3-2-101 2 3 4 5 6

\\\ -
Ov‘—r‘[t‘: —— =+ B X =
~5-4-3-2-101 2 3 4 5 6
ettt

-5—-4-3-2-101 2 3 4 5 6

‘<J,:YW::T',L TR KL 2
5-4-3-2-10 1 2 3 4 5 6

\)r)mfey”""s o

-5—-4-3-2-101 2 3 4 5 6

’74:::*?@

-5—-4-3-2-101 2 3 4 5 6

r<2ANDz =>4 44— éﬁww
—-5-4-3-2-101 2 3 4 5 6
2.4.2 Interval Notation
Inequality notation Interval notation
x> 2 (2, )
z>2 2, 00)
r>2ANDz<4|2<z<4|]2 4]
z<20Rz>4 (—00,2] U [4, 00)

13
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Example 2.3.8. A rancher has 260 yards of fence with which to enclose tiE!E I! es of a rectangular

meadow (the fourth side is a river and will not require fencing). Find thg df the meadow

with the largest possible area. /__“’L\
u“.s.&—?,éo <« Sof ﬁef/uf Zc,a ><

/\/—__———

ﬁ A= X‘at % =T Werfex
T4 | A = x (260~ zx)\zéox-—lx
:Mﬂv}( -2 460
Ve e ex  g= =
J Veytex = ")

Ce) 7

@ZZS’")((SO &

Example 2.3.9. A person standing close to the edge on top of a 72-foot building throws a ball
vertically upward. The quadratic function h(t) = —16¢? + 84t + 72 models the ball’s height about
the ground, h(t), in feet, ¢t seconds after it was thrown.

1. What is the maximum height of the ball?

— =Y (y+ + 3)(& -
L{Z"Fi’:O ay— é__é:O

L% [£=¢]

¢)
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Properties of Inequalities

1. Transitive: a <band b <c = a <c

2. Addition of Constants: If a < bthena+c<b+c

3. Addition: If a <band c<dthena+c<b+d

4. Multiplication by a constant:
Ifc>0anda<\bthen ac < be ‘e U"'(; w',u—-w
Ifc<0anda6bthen ac@bc (everse ;:M—&bée‘?('a b‘1 7””7[ ful

NOTE: If you multiply or divide by a negative number you reverse the order of the inequality.

s t

2.4.3 Solvin@arinequahties 'k. PMS..L(/Q b | — )DOW_

Example 2.4.1. 10z < 40 F

(0 (0

Example 2 4.2, —10:8 < 40
—-lo "lO —-5—-4-3-2-10

x> -9
Example 2.4.3. 4(z+1) <2z +3

Yewo £ 2X+3
—2x -y -2x —Y

C-!)
X £ ~3

Example 2.4.4.(—8 < —(3z+5) < 13

€ > 3yxry >R
-5 )

v > 3¢ >-18 .
= > 3 (6, 1]




‘é: S e F&/Wm\“’@ :-j(lb()

V——\/—————'
C) > O ¢
./;L? /%:JC()/)

m - //\\‘f
5"‘-/‘ -3 —(

/ e -
J

Answrr o fRO>oN is @
rorge (s)  of X-vekees

(Q..y/—z) g («(,o/)j
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2.4.4 Absolute value and inequalities

Absolute value is still two equations

Example 2.4.5. | g | > 5 Lé’-‘m v . f;\ ] —

I
I I T l T

-3 0 ) 10

ZoNor(E 5 ) (=2) - ‘»
2D ) G )

)(710 ,¥<-—/O

Example 2.4.6. |z —7|< 5 Y G)"—r——r”"}"—g——@ I
s 0 2 4 6 8 10 12 14

¥ 43+ 7

e

2 <L X <1

Question: What does | z —2 | < 5 mean?
Answer: All real numbers within five units of two.

of 8 would be written as:

Y-%)<S |

And all real numbem ?Y M 27 7[’4 b
[x~51 =2 S

2.4.5 Solving polynomial inequalities @—'

Example 2.4.7. 22 <5 /- (‘4’

So all real number

Step 1: Set equation equal to zero and find the zeros. (Factor)
- T
)( - S <L O )(-J-J\LM‘C-@'I%
Step 2: Set up a table of signs X :i- <
(0,8 —J5 (-5, %) S (V5 2)
17
\ X = | voooad<€
¢ N
(
(

15



24+ 2| x¥3| < G2 Q|
_7 — F

—

2 |\ x43] < 1Y
% Tz

boes] < 7

~Z < X3 < 7

— L L X3 F
— 3 -3 =3

/ — N

(0 L ¥x< Y

(-to, 9)

fry y= Z k2| ey =+ 2CF
= F+ 1Y

;7/1 //
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Step 3: Find where the table gives negative values and write the solution
7 s f—\
(———m) )

654 am210 1 73 K —-JEJ /s

Example 2.4.8. 2% + 2x *@

(x +»)Yx=1)=0 => x=-3, 1

: ! = o
— D | (mw,su T, )

< o , % N J
()= ) (-) "G)Cﬂ 7?

=+

i ) 2 X
i ‘3\_/\/‘
Example 2.4.9. (z — 1)*(z +2)3(> 0 FOé—b-Jﬂ\#-Q,

‘WLM'- RS Jj( 2~Md o
(%-1)° (x+2)’ = o© f

(X - 1)10 o anf:d T |
Y= X="%
—+ f > [—‘l) OU)
R‘CM*_S’_ | [ 1(

X
G) (PG | GIet) /%gzgff'




