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Algebra 1
Formula Sheet

Assessment System %

Below ate the formulas you may find useful as you take the test, Hawever, you may find that you do not
need to use all of the formulas, You may refer to this formula sheet as often as needed.

Linear Formulas Average Rate of Change
Slope Formula The change in the y-value divided by the
Vo= change in the x-value for two distinct
M= gw, points on a graph.
Linear Equations Statistics Formulas
Slope-intercept Form: y = mx + b Mean
Point-slope Form:  y -y, =m{x—x,) o X R T Xk kX
Standard Form: Ax+ By=C X = i -
, Interquartile Range
Arithmetic Sequence Formulas erquart §
Recursive: a, = +d R=05-0,
Byolicit: ' " @ ;‘ | Dd The difference between the first quartile
*prcit =+ (n-1) and third quartile of « set of data.
Exponential Formulas Mean Absolute Deviation
Exponential Equation 2 |, - x|
}' - abx I}
Geometric Sequence Formulas The sum of the distances between each
Recursive: @ =ra, ) data value and the mean, divided by the
Bxplicit: ) 4 ea "}j,‘* . number of data values.
. L) B

Compound Interest Formula
A=PL+ L)

dratic F ulas

Quadratic Equations
Standard Form: ymaxrt+bx+ ¢
Vertex Form: y=alx-h?+k

Quadratic Formula

x“«bt\@umflac
- 2a
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Introduction: The Parent Functions
Learning Targets:

¢ | can identify the visual differences between linear, quadratic
and exponential functions.

Unit 4: Characteristics of Functions

Complete the table below.
Linear Quadratic Exponential
flx)=x gx) = x? h(x) = 2*
x Fl0) x g(x) X h(x)
-5 ~5 =5
—4 —4 ~4
~3 -3 -3
-2 ~2 -2
~1 -1 —1
0 0 0
1 1 1
2 2 2
3 3 3
4 4 4
5 5 5
Draw and label each graph on the same coordinate plane.
" Observations:
Linear
Quadratic
<
Exponential
v




Transformations

[

ﬂ
13
3

Vertical Stretches
and Shrinks

]

Vertical Shifts Horizontal Shifts Reflections
Adding a value to the Adding a value to the x- Multiplying the function
function (outside the value {inside the by a negative
parenthesis} shifts the parenthesis} shifts the the graph across the
graph graph .

Ex: f(x) = 2% Ex: f(x) = 2% Ex: f(x) = 2%
A(x) = h(x) = h(x) =

Subtracting a value from Subtracting a value from

the function (cutside the the x-value (inside the

parenthesis} shifts the parenthesis) shifts the

graph graph

Ex: f(x) = 2% Ex: f(x) = 2%
hix) = h(x) =

Multiplying the function
by a value greater than 1
causes the graph to have a
vertical

Ex: f(x) = 2%
h(x) =

Multiplying the function
by avalue less than 1
causes the graph to have a
vertical

Ex: f(x) =2%
h(x) =

Write ybur
_L_xez_slions: herel
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4-1: Transformations yoéibg:fén:ﬁm
Learning Targets: - HoFr)izontaI Shift
® | can determine the effect transformations have - Linear
on a parent graph. - Quadratic
F.BF.3 - Reflection
~ Vertical Shift

In this course we focus on three types of functions. Linear, Quadratic and
Exponential. In the intro lesson, you saw what each of these three parent, or
basic, functions look likke. Now we are going to look at what happens when you
change that function. Transformations of functions are very similar to what you
do in Geometry when moving figures around the coordinate plane.

In this lesson, any reference to k, is a positive real number.

Vertical Shifts (up & down)

A shift may sometimes be referred to as a Afkis 4} Shift_ :
added to the where we go from f{x) to f{x) + k, then y
the graph of f{x) will vertically shift by k units. If k is —
subtracted from the where we go from f{x) to f{x) - k, then

the graph of f{x) will vertically shift by ¢ units.

In general, a vertical translation means that every ordered pair will go from (x, y)
on the original f{x} to (x, y + k) on the newly transformed fx) + ¢ or to (x,y—-k)on
the newly transformed f{x) - k.

Example 1: \ i ,
1a) Write an equation that i / 1b) Write an equation that
would transform the parent . / would transform the
function f(x) = x2 up 3 units. Ny parent function f(x) = x?
\ ‘ down 4 units.
AN
4 3 2 ? 2 4
2
Example 2
2a) What would happen to [ 2b) What would happfr_l to
the graph of g(x) = 2% if we 7 ] the graph ofg(x) = 2% if we
transformed it to be h(x) = N / trfnsformed it to be A(x) =
2% _ 157 5 if 2% 4+ 37
ey
'EEEE > 5 4
Unit 4: Characteristics of Functions B 5
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You try:
1. Write an equation that would 2. What would happen to the graph
transform the parent function of y = x if we transformed it to be
f(x) = 2% up 4 units. y=x—27? ,
7 / .
el )
A . A
4 £60=4" +H SN+ vp *-
: ok HH-A
MM“} *
s T ? 3

Begin 4-1Video2 |

Horizontal Shifts (left & right)

If cis added to the of the function where we go from f{x) to f{x +
c), then the graph of f{x) will be horizontally shifted to the ¢ units. If ¢
is subtracted from the of the function where we go from f{x) to

f(x - ), then the graph of f{x) will be horizontally shifted to the € units.

Natice that anytime we are making a change “inside the parenthesis”, things shift in
the opposite direction of what you would expect.

s Addtogo

e Subtractto go

Adding C moves the function to the left (the negative direction),

Why? Well imagine you will inherit a fortune when your age=25. If you change that
to (age+4) = 25 then you will get it when you are 21. Adding 4 made it happen
earlier,

Example 3:

3a) Write an equation that
would transform the parent
function y = 3% to the left 2
points.

5o \;a o o b o

fa

3b) Write an equation that
would transform the parent
function y = 3* to the right 3
points.

Unit 4: Characteristics of Functions 6
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Example 4: i /

4a) What would happen to . 4b) What would happen to

the graph of g(x) = x2 if we \ L/ the graph of g(x) = x? if we

transformed it to be h(x) = ) Y transformed it to be A(x) =

12 -3 2?
(x+3)? R EL 2 3 4 *=3)
-3

You try:
1. Write an equation that would 2. What would happen to the graph of
transform the parent function g(x) = 2% if we transformed it to be
f(x) = x? right 1 unit. h(x) = 2%*47

'\i: (’x—\)v‘ iy \eS ¥ 4

 Begin 4-1 Video 3

Vertical stretching and shrinking
Ifcis to the function then the graph of the function
will undergo a vertical or .
¢ When the function becomes y = ¢ * f(x) and 0 < ¢ < 1, a vertical
happens. This fractional ¢ pulls the y values down
towards the x-axis. .
¢ Whenc > 1inthe function y = ¢ * £(x), a vertical
occurs. The ¢ multiplies the y-values and pushes them up and away from
the x-axis.

In general, a vertical stretching or shrinking means that every point (%, y) on
the graph is transformed to (x, cy) on the new graph.

mmmmmmmm&mmmmmmmmmmmmmmg

E When you vertically stretch a graph itis going to  §
g look tall and skinny. i
i When you vertically shrink a graph, it will look |
i short and wide. E
i To make sense of this, think of stretching or i
; compressing a rubber band! i

mmm&mmmmmmmmmmmmmwmmmmg

Unit 4: Characteristics of Functions 7
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Example 5:

5a) Describe the transformation that
would happen to the graph of f(x) =
x2 if it was multiplied by a factor of 4

such that g(x) = 4x2.
| , i

Vi, /
ot 1
\ /
N
You try:‘

1. Write an equation that would
vertically shrink the parent
function f(x) = x2 by a factor

of =.
C P =H R

5b) Write an equation that
would vertically shrink the
parent function f(x) = 3* by a

factor of % 1

\T\J a2 PSS

® 5
%) —

2. Describe the transformation that

would happen to the graph of f{(x) =
3% if it was multiplied by a factor of 2
such that g(x) = 2 » 3%,

WDeeten \93 o. Fackor
of 2

Reflection

° Qi down M o SiFt riodat 3

Unit 4: Characteristics of Functions

If the function is multiplied by -1, the graph of the
function will undergo a reflection over the x-axis.

3
Example 6: Using the graph provided, show that multiplying the ’ ,4!
function f(x) = 3* by -1 will reflect the graph across the x-axis. /f
R fa}h
32 4 12 3
Example 7: Describe how the graph of f(x) = 4* has been ~1
transformed to form the graph of h(x) = -3(4)*~2 + 6 2
[}
. -3
*
L
You try:
1, Describe the transformation(s) on each function.
a f(x) =z (2)* - 4 b. f(x) = 5(2)*? C.y=-20c+4)+4
oGhin v bb &y o Steteh bu} O 0 Stee el \D(j o. foctor of 2
foctod” o5 8 Soctor 0f

0 Yeflect bver X-avis
o Sy \eft H

0 DY Wqu
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Practice 4-1: Transformations

Describe the transformation on each function.

L f(x) = 5%
oShekeh oy S

3. f(x)———x+4
sreflect over X-GY\S
0 ShrunY— by /2

5. f(x)——-x-
oye¥leck owfx X-0X1 S
oS\{WH\K\D
0 ShfYy c\owr\ y

7.f(x) = —x+4

: DS\'\V\V\\L\O:’) Y2
| oSkt wp M

9.f(x)=2(x—1)2 -2

0Sretah bbi

o Shift right

0 Shf c\own P}
11. f(x) ——(x+ 2)?

0 Shrink \ol—:) Z

6 YFY \efr L

13y =—(x—3)2+2
oreflect pvear X-ans
o SWift right 3
o Shif Y LM? 2

15.y = —(x -
bS\f\!in\f-4 3/)4
o Shifd

4] Sh\p‘\' T\o_\h"' 3
17.f(0) = 2 (2)* +2
0 S\in\ b‘:) V2
0 Qrubt wp 2

19. f(x) = 2%~?
6 Shyfy I“i%\ﬂ* 7

Unit 4: Characteristics of Functions

2.f(x)=—x+3

0 refleck ovex XTOXS
0 Swafy WP 3

4. f(x)=2x-5
03\‘(6'\0\'\ \’DD 2

0 SaF Lk down S

6.f(x)=5x+3
0 Shvedch \0:35

o st v 3

8. f(x) = ——x—4
o refleck oV?Jf X-OxiS

s Shrink b‘;\
Sh £ down ‘\[
10. f(x) = 2x%+3
oStreteh Dl

6 Swfr wp 3

12.f(x) = —g(XDz —4
oyeflect over, X- axis
6 Shnn¥-low 3

o Set down Y
14,3 = —4(2)*+2 4 3
syeflect over X-OXAS

p St \e£¥ 2

oS\n\F’r e 3
16.f(x) =3x% -3

octedch b
o Swfk d Ou;@, >

18. f(x) = 2(2)* —
0 Skyetoh b\tj 2
0 shFt down L
20. F(x) = —=2% + 3
6 veflect over x-owis
O ShiFt wp o'
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Write the equation of a function that has undergone the following
transformations.

21. Alinear function that has been shifted to the right two.

£ = (x-2)

22. A quadratic function that has been stretched by a factor of two and shifted
down by four.

fxy= Lx*- M

23. An exponential that has been reflected over the x-axis and shifted up 2.

{OEEVARY]
24. A quadratic function that has been shrunk by a factor of % , shifted right 4,
and up 3. N 9
£0=7 (x-)* + 3
25. An exponential function that has been stretched by a factor of 2, reflected
over the x-axis, shifted down two, and left one,

6= - L2 -2
@)ZWCZ/%W

26. What is the area of a square with the / \
length of a side equaling 34° ? W,

Qa® \

27. What is the area of the 28. How many one-third cup servings
rectangle with the width of are in 6 cups of pecans?

6x” and the length of 12x*?
) 1% cmps
T2 x

29. The perimeter of an isosceles triangle is 16 inches. The length of its base is
2 times the length of one of its other sides. In the equations below, x represents
the length of each of its equal sides and y represents the length of its base.
What are the three side lengths of the triangle?

2x +y=16and y=2x

Review your practice and notes to prepare for the mastery check.
Unit 4: Characteristics of Functions 10
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Vocabulary;
4-2: Rate of Change - Average Rate of
Learning Target: | can find and interpret the rate of change of Change
linear, exponential and quadratic functions. - Coefficient
F.IF.5 N _ - Constant Rate
P i R B
The , or the , I8 a ratio describing

how one quantity changes as another quantity changes. In algebra, we are
typically comparing how the output changes to how the input changes.

Average rate of change

Formi
m = [J’z_lﬁ] G
X, — X,

If the value of the slope is

, then we know that
the rate of change is increasing over
time.

| Hhink love”
negative slopes. | ]
don't have o push.

=5

"l estimate thatweareona  ITthe rate of change
slope of about ~0.625.What do  over time, you should expect a
you think?” negative value.

There are many different ways you may be asked about rate of change.

Example 1 - From ordered pairs:
1a) Find the slope of the line that 1b) Find the slope of the line that goes

goes through the points (—4,2) through the points (3,5) and (3,2).
and (—6,4).

W
You try:

1. Find the slope of the line that 2. Find the slope of the line that
goes through the points (3,~1) and  goes through the points (3,2)
(—-2,5). lp and (1,2).

MR. SLOPE GUY

Unit 4: Characteristics of Functions 11
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| Begin 4-2 Video 2 -

EREER, - i7sstpt ey TR g et o

Linear functions have a Both Exponential and Quadratic have
rate of change, meaning values rates of change. This
increase or decrease atthe same  means that the graph of the function
rate over a period of time. This will be steeper in some places than

also means that no matter where others. When calculating average rate
you look on the graph, the rate of  of change for these functions, you will
change will be exactly the same. need to specify an interval.

P

LN I S S anc e )

Linear Exponential Cuadratic

Example 2 -~ From a graph:
2a) Determine the slope of the 2b) Determine the average rate of
line. change over the interval [0, 2].
Ay G‘v
1 <
< e 3 - @ 2 348 g
< =TT ! /
= AR
kot o \
| {
1 vy ¥
You try:

1. Determine the slope of the line. 2. Determine the average rate of

5 change aver the interval [1, 2].
4 - ]!
3 ; /
: s I/
. . / 2
2 \ ;
‘ o
! 5 4 3 2 30
=1

Unit 4: Characteristics of Functions 12
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Example 3 - from an equation:

3a) Find the slope of the linear 3b) Determine the average rate of

function, 3x — 2y = 8. change from x = 1 to x = 2,given the
function,f(x) = x? + 2x — 7.

il ot S

You try:
1. Find the 2. Given the function, f(x) =
slope of the 4 3**1, determine the average
line, y = 4 rate of change fromx = —1 to

4 x=1.
—=-x+ 3.

3

/

8 Jon Carter « caitartaona.com
A

Begin 4__'—2 Vidéo 4

Example 4 - from a table:
Given the table of values for h(x), what is the average rate of change from
x=6tox =27

hixi] 3 | <1 | 3 |1t |35

Example 5 — from a scenario:

You are trying to decide which theater to go to for a Friday night
movie. Habersham Hills charges $7 for the movie ticket and $5 per
food item. Regal’s prices are represented by the table.

Write an equation for Habersham Hills and Regal. Compare their
rates of change and initial cost.

Habersham Hills: Regal:

Which theater is cheaper if you want to see the movie and also geta
drink and popcorn?

Unit 4: Characteristics of Functions 13
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You try:
1. The average price for a ticket to a movie theater in North America for
selected years is shown in the table below.

Find the rate of change from 2010 to 2015. Then find the rate of change
from 1995 to 2005? How do the rates of change compare?

Year 1985 1990 1995 2000 2005 2010 2015

Price ($) | 3.90 4.20 4.50 4.80 5.10 5.40 570

% %0[&/3{’ _']p_%_ :_“I’,D(ﬂ/dr"

2. Given the table of values for f(x), what is the average rate of change from
x=1tox =37 s

f(x)% 025 | -1 | -4 | -16 | -64

Unit 4: Characteristics of Functions 14
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Practice 4-2: Rate of Change
Use the information provided to answer the questions below.

1. Below is the graph and table for 2 runners running the 400 meter hurdles

race. A
Y
400 / B
/7 Time Ruanner A Runner B

'g a0 /5/ 0 0 0
G 250 i
i 7/ 9 120 120
8 a4 20 168 213
g :c pd 31 287 287

V4

D A " - R -

Time (seconds)
a) Which runner has a faster c) Which runner has a faster

seconds?

average speed for the first 9 ed

Some ﬁi)@

b] Which runner has a faster
average speed from 9 to 20

average speed from 20 to

31 seconds? A

d) Which runner has a faster
average speed from 9 to

31 seconds?

2mb

seconds?

B

e) Which runner wins the race? P{‘

How do you know? reoches W00 ) ¥
2. The graph below shows the United States population from 1900 to 2010, as
recorded by the U.S. Census Bureau.

a) What was the rate of change in the

.5, Popuiation by Cansus

population from 1900 to 20007 [s 350 - : : —
this greater or less than the rate of ol n ; w
change in the population frqm 2000  _ s | ; // f
. [N 5 : H : : ; E
3,05 mfyr §
\8,6% 5,_ 150
o I e =t

50 i L
1890 1900 1930 1920 1930 1940 1950 1960 1970 3980 1690 2000 2010 |

b) Which 10-year time periods have the 75
highest and the lowest rates of
change? How did you find these?

1480~ 2000 &  ~apb~2010
\f&.\r\ﬁ

{ansus year

Unjit 4: Characteristics of Functions 15



3. Find the rate of change of Pete’s
height from 3 to 5 years.

Time (years) | 1

2

3 | 4

5

Height(in.) 27

35

37 | 42

Yin/ur
Find the rate of change (slope) of each graph over the given interval.
6. Find the average rate of change over

5. Find the rate of change over the

interval [2, 4]
~Y

A

-y
g

-1 2 i ]

8

! B8 x

1
ol ¥

j )

£
| j
P

¥

=l
Y

7. Find the slope of the line.

h ¥

A

X

2

9. Find the rate of change over the

interval [-1, 1]
Ay

=

)

oL

PN R R B B B S i L

Unit 4: Characteristics of Functions

45

49

4. For fix) =-éx-2, find the rate of

change on the interval [-2, 4].

~l

the interval [0,1]

3
2

»

4; O
'J
-

e

e

*

8. Find the slope of the line.

Ay

¥R J

10. Find the average rate of change
over the interval [-2,0]
H &

i

¥

/3

H
i

A

]|

7

2

16
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Find the rate of change (slope) through each pair of points.

11. (-14, -8), (-10,-7)
/4
13.(-18,-17), (-17, 16)

235

Find the rate of change (siope) of each line.

¥y =-5x+5
15y X+ /5

17.3x+y =0

__’5'

12.(5,4), (8, 5)

V=

14. (13, 7), (13, 10)

undefined
16.y = 5x + 5

5
18.x =4

wndefined

Find the rate of change (slope) of each function over the given interval.

19. Determine the average rate of
change from x = —2 to x = 1, given
the function, f(x) = x? + 4x — 3.

3

21. Determine the average rate of
change from x = 0 to x = 2, given the
function, f(x) = 5% — 2.

| "L

23. Given the table of values for f(x),
what is the average rate of change
fromx =-2tox =17

20. Determine the average rate of
change from x = 0 to x = 2, given the
function, f(x) = 2(3)* — 1.

>

22. Determine the average rate of
change from x = —1 to x = 1, given
the function, f(x) = x% — 6x + 9.

—l

24. Given the table of values for g(x),
what is the average rate of change
from x = 0 to x = 4?

1-2 | -1 0 1 2

X | =2 0 2 4 6

DX e
19 [4 |1 0 | 1

(x) |21 7 9 27 61

e,

Unit 4: Characteristics of Functions
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25. Given the table of values for
h(x), what is the average rate of
change fromx =5tox = 9?

27. Find the rate of change of the cost
per minute.

26. Given the table of values for j(x),

what is the avera
fromx=—-4tox

ge rate of change
= -27

28. Find the rate of change of
revolutions per second.

Minutes (x} Costin Dollars
(f(x)) Seconds (x) Revolutions (f(x))
0 110.00 0 0
30 120.50 2 6
60 131.00 4 12
90 141.50 10 30
120 152.00 15 45

@Dgﬁé)m‘m

3

rev/sec

29. For the following two functions, write the equations of each and complete the

chart using <, >, or = to compare them.

31 11

11 7

1( 3

3 1
5] 5]

g(XF"*",_})H/l

Unit 4: Characteristics of Functions

7 Characteristicof f(x) " | i<, > 0r= | :Characteristic of g(x)
y-intercept of f(x) = fj =7 y-intercept of g(x} = Q
f4)= -2 o |sw= -
Rate of change of f(x) = -2_' 4 Rate of change of g{x) = -‘I/L}
T alxl
x| f(x).
()= -5 Lhazzlz H

18
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B '
X
30. A pet store had 4 cats to feed. If they only had
one-fifth of a bag of cat food and each cat got the \

same amount, what fraction of the bag would
each cat get? ]

20

31. Solve for x in the following equation  5(x+2) = %(5 +10x)

X="]

32.Kaya and Tad started with the same number of baseball cards in their
collections. Kaya collected 3 cards per week and now has 29 cards. Tad
collected 2 cards per week and now has 20 cards. Let x represent the number
of cards they began with, and let y represent the number of weeks. Write a
linear system that represents this situation. How many weeks did they collect
cards?

q weeks

Review your practice and notes to prepare for the mastery check.

Unit 4: Characteristics of Functions 19
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4-3: Domain and Range
Learning Target:

F.IF.1

Begin 4-3 Vi_de_o 1|

T I R LT 1ot

* | can identify the domain and range of a function.

Vocabulary:
-~ Conlinuous

Discrete

Domain

Interval Notation
Range

pairs called a

The relationship between two quantities can be shown by a set of ordered

In the very first lesson of the course, we talked about the fact that a
function was a special relation in which each input (x) has exactly
output (y). The majority of the relations we will deal with

know if you're dealing with a function or just a relation?

Two ways to determine a function:
1. Scan the

¢ If an x value repeats, you
2. Vertical Line Test

o Ifany

the graph, then the relation is not a function.

A \yfx |
/ N

X

This is a function

This Is a function

Unit 4: Characteristics of Functions

throughout the remainder of the year will be functions. But how do you

a function!

line passes through more than one point of

A

AN

x
[‘!/

This is NOT a function

20
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Relations can be expressed in several different ways.

An x/y table

X Y

The

of

A graph

a relation is the set of inputs (or x-
values) of the ordered pairs.
* “What x-values were used
in this graph? How far left
does it go? How far right?”

Example 1:

{(_1,4‘), (2:6)1 (0,4), (_ 71 1)}

Domain:
Range:

Function?

Helpful Hint

The

the ordered pairs.

The relation {(2, 3), (4, 7), (6,8)} can be displayed in the following ways:
Using Mapping

of a relation
is the set outputs (or y-values) of

¢ “What y-values were used
in this graph? How far
down does it go? How far

up?

Example 2:

Domain:
Range:

Function?

There are several different ways to
describe the variables of a function.
Independent Dependent
Variable Variable
x-values y-values

Domain Range
Input Output
X ()

Example 3:

Unit 4: Characteristics of Functions

N

[0 AP

Find the domain and range
of the following relation.

Domain:

Range:

Function?
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estions herel -+~ -4

Example 4:
Students who take the AP Government exam can score
a1, 23,4, orb. Last year, two students scored a 1, no
students scored a 2, three students scored a 3, seven
students scored a 4 and seven students scored a 5.
Write these scores as a set of ordered pairs and plot
them on the coordinate plane.

Ordered Pairs:

L ¥

H

2.

L

. . 4

Domain:
Range:

Function?

Should we connect these points with a

line?

You try:
Identify the domain and range of each relation.
1. =
X8 3 [-1]-6(1 |4
yil-4 17 [-8[11]13
Domain: A

% o Z ‘3]"’\)‘“‘%)')‘”!

§

Range:%,p R INEY

Function?

\BQ,‘TD

%4 Domain:
1 ¢ Range:
-8 -5 - -3 -2 i’ 4 5 8 _3}4),5
® Function?
T

relation.

CONTINUOUS

DISCRETE

amzie
s

aigre
-

Unit 4: Characteristics of Functions

LITE BRITE.

dieareta

. But what if a relation has an infinite number of points? This is called a

ETCH-A-SKETCH

cortimous

22



There are a couple of different notations you can use to describe domain and
range of continuous relations.

Set Notation Interval Notation
e Uses inequality symbols like <,>,5, and =. e Useas brackets and
* When a boundary is included in the domain or parentheses.
range, we use either the symbol. | e We use brackets when the
o Why? Because our domain or range can boundary is
equal that value! « We use parentheses when the
¢ If the boundary is not included in the domain boundary is
~ or range, we use either the symbol. | | Use parentheses when a
o Why? Because the domain or range cannot boundary is or
equal that value.
e When either is our o Why? You can never
bounds, we use actually reach infinity!
o Why? You can never actually reach infinity!

Example 5: T
Give the Domain and range of this continuous - - L AN
relation in set and interval notation. 5000 0 f / b
N H B 7 P H
Set Notation Interval Notation S TR DS I 5 S
Domain RN R v SR NN RN
Range IS T 1
Example 6: : S 54 ﬁ g
Give the Domain and range of this continuous O 0 O »
relation in set and interval notation. L
§,. + + 5 .f f -ew» M;.m,g
: Set Notation Interval Notation EAERESE 1 ERERRNE
Domain At e
Range e
- r--------_-1
You try A A I How many ways can |
5 A P I  wesaythesame 1
4 - 4 I i ? l
g hy ;N thing
e HEE by eate
e} 4 d P I ) 2. All real numbers I
< B, ot sl b > < k. ) 3.4 x) I 3. (“OO’OO) 1
N 2 14 R 1
- n H o e —— -
s 4 ?\k
Y .

23




.i

<, Write your .
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'hmltatums )

- Always read

_instructions
carefully!

Math is all about patterns... and the three

functions we focus on in Algebra 1, (Linear, Quadratic
and Exponential) have some great patterns that make domain and range
so much easier to deal with!

Linear:

An unbound (meaning no restrictions) linear function
will have a domain of R and a range of R,
* A domain of all real numbers means that you

can plug in any number you can think of and the

function will give you an answer.

* Arange of all real numbers means that
eventually, your answers (outputs) will hit every
number you can think of.

Example 7: Domain: Range:

Quadratic:
An unbound quadratlc function will have a domain of R, the range will be
: . - restricted based upon the ;
. ¢ Domain of all real numbers = plug

{ - in anything you want!
. ¢ The range (or possible outputs) of
- a quadratic function will be limited by the
minimum or maximum value (vertex). This
is the point at which the parabola
e . We will study these in more
detail in a later lesson.

Example 8: Domain: Range:
Exponential:
An unbound exponential function will have a domain of R. The range will
; depend on the
» Domain of all real numbers = Every Xis
a possibility!

¢ The range in exponentials is restricted

because these functions have line that
N RLEE TR EEEE =2 they cannot cross. This line is called an
1 asymptote and changes from one

A ) B function to another. We will study these
in more detail in a later lesson.

Example 9: Domain: Range:

Unit 4: Characteristics of Functions 24



You try: Find the domain and range of each of the following functions,

1, y 2. . 3 ’
5 x"w
7/
< _,,,"vi Vi
/" ry ﬁ‘ [
JAREA ,/
A L \ N f "
o R r R DD KR y &- D:@ Ry 4 Y

Those patterns are awesome. But real life has limitations. Be prepared to

not write “all real numbers” when dealing with a word problem.

L,

*. Historical

g ‘F‘?\fbre_:

Real life is, to most men, a long second-best, a
perpetual compromise between the ideal and
the possible; but the world of pure reason
ows no compromise, no practical limitations,

no barrier to the creative activity,

+‘mathematician .
' that was born in
11872 and died in
970.

- (Bertrand Russell)

Example 10 Example 11

Zach is making friendship bracelets to Atub drains at a rate of 3 gallons every 20

fund his spring break plans. He is renting seconds. The typical tub holds approximately 30
a booth at the Mt. Laurel Festival to sell gallons of water. Let y be the amount of water in
them and is charging $6 per bracelet. the tub for a given x amount of time in seconds.
Zach’s profit, y, in dollars, for selling x Describe the domain and range of the function.

bracelets can be modeled by the function
¥y = 6x — 225. What is the domain of this
function?

Unit 4: Characteristics of Functions 25
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3|

Practice 4 — 3: Domain & Range S s "
Find the domain and range for each relatmn and determme whet er 1t
is a function.

1, E— A
- e
A"
¥ z :
RN . w».w%x { s ’, 1 " }x
i3 48 Bt .5
- B I ! I, ;
R f 7 n "
I o . -
Y O n 74 M
: ; g LEL LT o v
of 1

Domian: é ;, ,} 2)33 Domian: 2 ! , 4_} Domian: 004/\’4 0
Range: 2 5,"’3F ’} Ij Range: 2 2,:5 E Range: "‘54:743,4"/
Function? 5!=€,§ Function? i) Function? %@

A‘f
4, 6. LN
i’ X
< AN N
33 ¢} %

Domian: E i 3[{3 Domian: 2”'! ,llj D . ""2\2&‘4{_2
R:ngeé i,\?),l"’\% Range: 2 H;I;ZJ j R::;l:n 3£ %4 2

Function? % Function? % €5 Function? ‘jf@_ﬁ

2),(3,7)} 8.{(6,2),(3,5 (90 (5,7), (8,1 }
Domian; @l%’} “?

Range: 4‘ ) Ii 2) 53'7

Function? o Function?

Unit 4: Characteristics of Functions 26



Determine the Domain and Range of each of the following graphed functions {using Interval and Set
Notations).

5&? 9. ;Ey 10. gr?
: _ 1L i} i i B o
a fix} 3 gt 3t (d
2 1 2t
_ 1 X ' :
LEREEERAEYF R Js;}qs,z;g& :3345 _ RPN A
21 . 2t
- WMM s o oes me e §n ¥ 31
& -+¥
-5 B3 ¢
Domain (INTErRvAL): ( ,cﬁ:j) Domain {iNTERVAL): ( ~ ot (
Domain (INTervaL): )
Domain (sery; _ XL R Lo Domain (sery; e &a X L cke?

O‘Q> 7 Domain (ser): @ LX Lowr
Range (INTERVAL): { "'3! Range {INTERVAL): !

Range {INTERVAL): _{ =40, od? }
Range (seT): _'ﬁg_‘«w Range (set): _— L) £ ?

Range (ser): ~ gl 4% Lot
12. What values of x would make this relation not be a function?
(3.2); (x,4); (5,7); (8,-1) 3/ 5} %

13. If we only considered the functions LINEAR, QUADRATIC, and EXPONENTIAL,
which is the only one that could have a range of [-oo, ©0) ? ’ .
near

14. If we only considered the functions LINEAR, QUADRATIC, and EXPONENTIAL,

which is the only one that could have a range of (2, ©0)?
Ex ponen Yo

15. If we only considered the functions LINEAR, QUADRATIC, and EXPON ENTIAL,
which is the only one that could have a range of [- 5, ©0)? ‘{ N
. mm:’[ roi

16. An author is selling autographed copies of his book at a stand in a bookstore in the mall and
charging $12 per copy. The author brought a total of 40 books with him to sell at his stand. If the
function p(x) = 12x represents the gross profit the author could make during the time he is
sitting at the stand, determine the appropriate domain and range.

Domain: @é-; Xé:, 4)1‘@

Range: @ 'é,.,. ‘wj wﬁ K%ﬂj
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17. A postal company delivers packages based on their weight but will not ship anything over 50 pounds.

The company charges $0.50 per pound to deliver the package anywhere in the United States. if
we consider this situation a function where the number of pounds, x, is the independent
variable and the cost in dollars, y, is the dependent variable determine the domain and range.

Pomain: OA)(_%;S’@
Range: O Z. (;; ‘5; ;25

* Write your, .
ons here

18. A limousine company rents their limousine by the hour. The company charges $85 per hour.

The minimum time is 2 hours and a maximum of 12 hours. If we consider this situation a function
where the number of hours, x, is the independent variable and the cost in dollars of
renting the limousine, y, is the dependent variable determine the domain and

range,
Domain: 24 X‘L}Z

Range:
Do £y % 1020

19. Annita makes cupcakes to sell at a bake / \

sale. She is fills each box with 4 cupcakes.
How many boxes will Annita need to hold

104 cupcakes?
i Ao otéd

s

20. flx)= %x+8 find 21');1(121;(%54"2 - 3x+2) - (3x-6)

the value of x if f{x}=28

7&;36

22. Put in slope-intercept form and tell the slope and y-intercept

2x -5y =10 o
= Y2

W

Review your practice and notes to prepare for the mastery check.
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4-4: Intercepts

Learning Targets:

Vocabulary:
. | can determine the x and y intercepts of :ORTOt‘r“\L
functions. SR T :
e - x-intercept
F.IF.4 ‘-_ 4 V.id-e B - y-intercept
The graphical concept of x- and y-intercepts ' '
is pretty simple. The x-intercepts are where - .
the graph crosses the , and the ‘ i x»mtercept
y-intercepts are where the graph crosses b (%,0)
- 4 % ,
e e T (I ! | Yeintercept
(0,v)
Example 1:
Linear Quadrati Exponential
. i ol u
3 6 /
. /M N D . yoz
B ) CEL: Eeaa
x-intercept(s): x—intercept'(s): ' x-intercept(s):
y-intercept: y-intercept: y-intercept:
Once again, mathematics offers some patterns that we should take note of.

/ How many can I expect to see?
/ Linear Quadratic Exponential
" x-intercept One Zero, One, Two Zero, One
y-intercept One One One

Unit 4: Characteristics of Functions
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You try: ldentify the x- and y-intercepts in the functions below.

" TN |
. b, EE /‘J . "\,4, : g f
> X " / . . \_: ¥ /r ? i
- / Pode Y] /[s i
WAL\ [
int(s):_ {2 5,0 x-int(s); (-3 o) (-l O) x-int(s): —2,0

y-int: QO,-*laﬁ y-int: CD;-@} yint,__ (0,3)

Beg1n4— 4—V1de02 a

Finding intercepts from a graph is very straightforward. The problems start when
we try to deal with intercepts algebraically.

x-intercept:
The x-coordinate of the point at which the 2 x nescepts | x Intercopts D Intercepts

graph of an equation crosses the x-axis,

where . \/
Steps to find the x-intercept:

1. Plug in y = 0. W itadhwalt o e sate

2. Always write as an ordered pair. ____

Example 2: Find the x-intercept of . Note At this point, you are only prepared for finding !

the given equation. | x-intercepts of Linear functions algebraically.

y=5x+4 * Quadratic and Exponential x-intercepts can be found ,
" graphically now. Algebraic methods will be covered )
I in later units. :

Example 3: Find the x-intercept of the given equation.
—Sx+y=4

You try: Find the x-intercept of the given
equations.
1.y=—-2x+4 2.4x+ 3y =4

(;216\) (\ ‘0)

Unit 4: Characteristics of Functions




. Wleyour - v

y-intercept:
The y-coordinate of the point at which the graph of an
equation crosses the y-axis, where

Steps to find the y-intercept:
1.Pluginx = 0.
2. Always right as an ordered pair.

Example 4: Find the Example 5: Find the
y-intercept of the given y-intercept of the given
equation. equation.

y=>5x+4 - 3x*—-5x+2=y

You try: Find the y-intercept of the given equations.
1.y=-2x+4 2. y=4x*+3x—4

U))UD (0)"""1)

Unit 4: Characteristics of Functions

"

In a Llnear Equatlon
the y-intercept can he
found by putting the
function in slope-
intercept form and
finding the “b".
y=mx+5b

Example 6: Find the
y-intercept of the given
equations.
y=-=2(2Y"+4

3.3 4=y

(6,73)

31



; '.Begih .4--4_Vidé.o 4 o

Interpreting the intercepts.

Example 7: Zoo Atlanta recently celebrated the birth of two new baby pandas!

Mochithe panda cub has been measured and Mochf's brother is Kappa. His welght. has been
weighed each week since she was born. charted on the graph below.
Parda Growth

20
14
4 12 o
£ 4 "
7=} f"
3 f/
’f.ﬂ
4 r)
[
Q 1 z 3 4 5

Time: in Weaaks

What is the y-intercept for Mochi and for Kappa? What is the significance of
these values for the baby pandas?

Neither panda has an x-intercept. Why? What would that mean in the context of
this problem?
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rite your
=~ Questions herel )

Pract:ce 4—4:1n
Find the x- and y-intercepts for each function.

1. 2. 3.
¥ ¥ ¥
% 5 5t
o N L " /}”
2 o4 24
..... I v . L X ] ¥
,gdasazvg,f‘/j/xs;s' ésé»&é&);gl TR 1Wf&z-&4 {22 485
< 1% o
Ry = M .; 3 i
4 a} 44
5 5 GM\ #{
x-int(s): 2 0) X~-int(s): (“,5,()] (25;0) x-int(s):
y-int: 'y 75) y-int: D} ’21) y-int:
4. A F 7 3 Uﬁ% ? " 5. 2
T L T e
ot 4 __noné \ None
/N y-int: 5) s y-int:
s A _Jq_,_() - ) -2
AL |\
[ L)
RN
Find the x-intercerpt of the following functions.
6.3x+7y =12 Ty——x— 8. y=-5x+3
A )@ U"t;‘)\) C%J D>

(-30,0) (-0750) (5 @>

Find the y-intercept of the following functions.

12.3x + 7y = 12 13. y = 4*+3 14,y = -2(3%)+7
(0,%) (0 LY) (@)5)
15, y=-2(x—~4)2+6 16,y =4x+3 17.y = 12x2 - 5x + 3

(0,-20) (0,3) (0,3)

Unit 4: Characteristics of Functions 33



18. Two contestants on The Biggest Loser are Valerie and Oscar. Their weight
loss progress is shown below,

Valerie’s weight loss is shown by this function, where | Oscar's weight. loss is tracked in the table balow.
Wis her weight in pounds and Zis the time in weeks.

Weeks | O 2 5 &

W= 23525t Weight | 247 | 243 | 237 [ 256
What is the y-intercept for Valerie and What mathematical term would we
for Oscar? What is the significance of use to describe the amount of weight
these values for the contestants? they are loosing each week?

Who is losing weight faster? .
O V=238 b) 5*6"*5*"{,\“ c) bscar ¢ ) Slope ar
Oeeor = @47 Wl vty {?f

1./

\

Add or subtract the Polynomials

12

19. (4a*> —2a+1)—(a’ -2a+3)
= a7 U —taty
20. (35" + 4x +14) + (—4x? +21)

2= g )35

21 (¢ + 1y = 3p?) + (-2x% — xy + 4y%)
2
- {* Floy —y

22. The graph below shows the number of students enrolled at

Edison Junior High School. Describe the change in the number w
of students over time, é
a & U\ABAQ{ chef) /96?3) Henrose ) o N
Q
Yhen 8 R’fujaé\. Phe soome 2
2
Thme

Review your practice and notes to prepare for the mastery check.
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4-5: Intervals of Positive & Negative
Intervals of Increasing & Decreasing
Learning Targets:
| can identify the intervals of increase & decrease of a function.

| can identify intervals of positive & negative of a function.
F.IF.4 _— _ R

y-values positive
or
y-values negative

e/Negat

TR L e VT SRR AT, o

The positive regions of a function are those
intervals where the function is the x-axis.
[tis where the are positive (not zero).

The negative regions of a function are those
intervals where the function is the x-axis.
It is where the y-values are (not zero).

y-values that are on the x-axis are neither positive
nor negative. The x-axis is where

Some functions are positive | Some funclions are negative Some functions have both
over thelr entire domain over their entire domain. positive and negative regions.
{All y-values above the x-axis.} (All y-values below the x-axls.} | {y-values above and below x-axis)

y=2" e Y X 2P :

e

P11

&
]

-5
el ibes i d LA P B

pasitive: «« S X < +» negative: «= < x <+ poshive: x = 0 or (0,+=)
or "all Realg”, or (o, ¥w) or "all Reals", or {-w= +=) negative: X < 0 or (-,
{do not Include zere)

Secret to Finding the Intervals!

Revisit 3- . . C "
] V?d es o g I? The sceret fo correctly stating the intervals where a function is positive or
you need @ negafive is to remember that the intervals ALWAYS pertain to the locations of

refresher! the x-values. Think of reading the graph from left to right along the x-axis.
Do NOT read numbers off the y-axis for the intervals. Stay on the x-axis!
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~Questions

S Witeyour L

You try: Give the intervals of positiye and negative as applicable. .
1. i 2. T © 3, =

]

A
5
Y

Pashve X735 @YJ\EEW{ ey Ve X>2

‘Begin 4-5 Video 2

| When looking for sections of a graph that are
increasing or decreasing, be sure to look at
(or "read") the graph from left to right.

Increasing: A function is increasing, if Decreasing: A function is decreasing, if

as x increases (reading from left to right), as x increases (reading from left to right), y
y also . decreases.

|+ Inplain English, as you look at the graph,  In plain English, as you look at the graph,
from left to right, the graph goes . from left to right, the graph goes down-hill.
 The graph has a slopes The graph has a negative slope.

i Pierre is climbing uphill, then the graph is Increasing: If Pierre is going downhill, then the graph is decreasing:

= R @ & el

b R

iy B

&L b Wimehs com’

H
<
]
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Uestion's h

f
I
L

Intervals of increasing and decreasing
ALWAYS pertain to x-values.
Do NOT read numbers off the y-axis.
Stay on the x-axis for these intervals!

g

Function
Type

What Can you expect?

Linear

Will either increase or decrease for R depending on the slope.
* Increasing for positive slope.
* Decreasing for negative slope.

Quadratic

Will have a section of increase AND a section of decrease

Exponential

Will either increase or decrease for R depending on whetheritis a
growth or decay problem.

* Increasing for growth.

¢ Decreasing for decay.

You try: Give the intervals of increage and decrease as applicable, | |
1. ’ 2. T >3 — ]
. " v A
N ARG 8L S avpays
- = DER/IN X2 s 3
L 7y ' f . h
- BEVAN A / ne.,
ﬁ - /
X {150

The Tree Metaphor.

It can get confusing when positive, negative,
increasing and decreasing are all together.
How to keep it straight? Think of a tree.

The parts of the tree that are
ground (x-axis) are positive.

The parts of the tree that are
ground are negative.

Branches growing up towards the ?
The height is increasing.

Branches turning back towards the ?
The height is decreasing.
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= 7 Wiite your - :
- Questions here! ™

Find the intervals over which each function is positive and negative. Find the
intervals over which each function is increasing and decreasing.

1. 2. 3.

¥ ¥ aY¥

5 § §

4 + X, 4 hix)

3 1) s olx) i |

H '§ 21

! x « o] o
LRI I | Iy & & Wz*{i_tz;z;s

W2 2
WWM 3

At -

’ix

R
»Y’-> 2 Pog,itiv -' osit'\17e3_ 7 Ne)?itil(%

P

: ~———{{Erease: Increase:  Decrease:
| Rwoey? never % L) ahwys  hever
4. L] fe 5 2 6 \5
\ !5 4 R
i 4 5 4 3 2 2 3
A /1 2
) 3790 \ - ? \ 3
T % -
2 ) 2
Positiye: Negative: Positive: Negative: Positive: Negative:
XF 3 hever” nevor Dol 7
Increase: Decrease: Increase:; Decrease: |ncréxase: De)gza%e:

s _3. X L -3 e Qx,\uswj % hever™ a,[mgﬁ

Change the following fractions into decimals, then tell

-

.

whether the decimal is terminating or repeating m:“

-13 Repe™) . Yerm
15 T . B
— 0.5 —9,1,25

7.

9. The graph below shows the population of bacteriaina
dish. Describe the change in population over time.

ANCFLEE) hf) ﬁxpfbhe;n% a&..“j

Population

10.. An oven is being preheated in order to bake a cake. Sketch
a qualitative graph to represent the temperature of the oven
over time.

Time

IIniiReview wosmrahiracH o mridhnotac o nranaro far tha macioary cehaclk a8
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4-6: Special Characteristics

Learning Targets:
. | can do math. Vocabulary:
F.IF.4 - Asymptote
Begm 4-6 V}deo 1 - Axis of
7 e e Symmetry
o ' - Vertex
Special Features of Quadratic Functions

YERTEX

1 The minimum or maximum point of
i a quadratic function

U

MAXIMUM OF A QUADRATIC

Highest point on the graph of an
upside-down U shaped function

|4 « aximum
¥ ¥ x

is alf real numbers
equal fo the y-value.

than or

If the vertex is a minimum, then the range

The vertex should always be written
as an ordered pair.

A parabola that opens
upward contains a vertex that is
a point.

A parabola that opens
downward contains a vertex that is
a point.

MINIMUM OF A QUADRATIC
Lowest point on the graph of a
U-shaped function

¥

| \ Z, a4

K
If the vertex is a maximum, then the
range is all real numbers
than or equal to the y-value.

We sometimes refer to the maximum and
minimum as the extrema.

The verhcalline fhmugh fhe vertex
on the graph of a quadratic Funchon

axis of
symmetry

T B e e W N

Unit 4: Characteristics of Functions

An axis of symmetry (also known
as a line of symmetry) will divide
the parabola into
The line of symmetry is always a
line of the

form , where n is a real
number. The axis of symmeitry is
often abbreviated as AOS.
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Questions hefel . "™ - -/

Exémple 1: Identify the vertex of each function. Is the vertex a minimum or
maximum? Write an equation for the axis of symmetry.

a. b. PR L _ >
' 4 Vertex: Vertex:
\\ 5 i Min or Max? q Min or Max?
1 Axis of Symmetry: 4 7 \ Axis of Symmetry:
] i) ] ]
1 \
You try:
1. 2,
] 4
: j Vertex: (-»3 10) ) . ™\ Vertex: ( 2,3)
8 Min or Max? 1 Min or Max?
\ / 2— Min O "ii - \4 May 3
Axis of Symmetry: ! Axis of Symmetry:
x=-3
2 "% \\ X - 2"

Begin 4-6 Video 2

Special Features of Exponential Functions
An asymptote is a line that a curve {but does not touch) as
it heads away from the origin.

"Ny ym =2K
¢ Every exponential function has a horizontal i - sy AR
asymptote. gl

e Functions of the form y = a(b)* (the exponential j.l.

¥
parent function) have horizontal asymptotes at

(the x-axis).
e Vertical shifts will shift the asymptote along with all
the other points.
e Horizontal asymptotes should be written as an
equation of the form , where ¢ is the value
of the vertical translation.

S

AT e
L. /.. 88ymplole
£ P

L SN SR

Example 2: Example 3:

y=3"+4

-

n
o)
A
i
=
)

o\
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= 4. Questions here! . - i

You try: Write the equation of the horizontal asymptote for the following functions.

Ly=2"+1

g

2. 1

i
=

| Begin4-6Video3 |

B b treess

Functions can be classified as Even, Odd or Neither.
y—axis

3 axis
LY

Even

(=, ) J‘ """" %) Functions

K
¥

L% D

(-%,~y)

Flx) == £(x)

Unit 4: Characteristics of Functions

have
symmetry

“about the

y-axis.

Odd
Functions
have -
symmetry
about the

origin.

41



= Write your Gl

function.
olf f(—x) = f(x), the function is
olf f(—x) = —f(x), the function is

Test to determine whether a function is Even, Odd or Neither:
Replace x with —x and compare the result to the original -

olf f(—x) # f(x) and f(—x) # —f(x), the functlon is

thex s, try -
pluggmg in 2 o

neYner neither

Unit 4: Characteristics of Functions

Type What Can you expect?
. Sometimes Even
o] Only horizontal lines
o Of the form, f(x) =
Linear . Sometimes 0dd
o) Only lines that go through the origin
o) Of the form f(x) = mx
. Sometimes Neither
Quadratic e Sometimes Even
¢ Sometimes Neither
Exponential | =  Always Neither!
Example 4: Example 5: Example 6:
fx) = —3x? fx)=- flx)=—-3(2)*
You try:
1. f(x) = (3)* 2. f(x)=x*+x+6 3. fly=x+6

neidher
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Practice 4 — 6: Special Characteristics ™ '
Identify the vertex of each function. Is the vertex a minimum or maximum?
A Write an equation for the axis of symmetry.
Uy pw 25?4 120 - 17 2) yux?+4x25 3) y=at -8x+18

¥ . by i

VAN

&
H
H
-~
L]
. zME"‘*-"L 2
—_—
\

\\
A
i
i
A3

SRIEBIT _ gt
Vertex: (31 l) Vertex: (-—Q | | ) Vertex: (¢, 2)
Min or Max? gy \ Min or Max? "IN ) Min or Max? min Z
Axis of Symmetry: Axis of Symmetry: Axis of Symmetry:

x=3 X=-2 X= 4

4) pux®~6x+6 5) ymxt+6x+ 11 6) y=-x’+6x-8
3 g - J¥;
] 1 : - I - i e
. i\ - : e / L 0.3 P
-8 \ ! : h / i 08 . 1
«1.4 Z\ . :
2 :

-
-1 /

EFARNAN

1;
28 : \ )

3.5
Vertex: (3 ) 3) Vertex: _~3 | _2:) Vertex: ( g} /)
Min or Max? yyy, y» -3 Min or Max? ynin 2. Min or Max? )
max
Axis of Symmetry: Axis of Symmetry: Axis of Symmetry:

X=73 X=-3 X=3
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following formula to express the path of the boulder: h(t) = ~16t% -+ 24t + 160

Wil E. Coyote is catapulting a boulder off a cliff to hit the road runner. Let { represent
the number of seconds that the boulder catapults off the cliff and h(t) denote the height
of the boulder, in feet, above the base of the cliff. Ignoring air resistance, we can use the

7. What does the x axis represent? JC: m-é The y axis? }')@iﬁ”‘ aé)ﬂllf

%ﬂ) T3 al

8. What part of the graph is insignificant? Why?
r\egaA‘we Grrownt S

. k.
Y 1B e
con't Rawe ﬁeg&\»s Ve Lime ﬁgr \
of he t\gw‘” o \\‘
9, What was the height of the boulder before it was launched? f 106
What special point on the graph is associated with this {80
information? | o \ N L } 0 \
10 ++, My v&@wmﬁ - \
i i LY
I 0 ‘
j{ - 1
10. How long will it take before the boulder reaches the bottom £ :

of the cliff? What special point on the graph is associated

with this information? .
H sec. ) A~k

~/
11. After how many seconds does the boulder change direction? ™ 0" ‘75 S8S5

How high is the boulder when it changes direction? {7 () Pa}%
What is this significant point called on the graph? = v @y }-e o -

12. How high above the starting point does the boulder begin to change direction?

10 Fh

13.If Wil E. Coyote changes his mind, how many seconds does he have to stop the
boulder from going over the cliff? /,:JJ\ o'“‘\ SeL .

Unit 4: Characteristics of Functions
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Write the equation of the horizontal asymptote for the following functions.

14, = 15 ‘\ . 16.1-

B

17. |, 18. 19.y =3%* 4+ 9
™ . —

5 2 - U\ 4 M\'\: g wc?

" 20. f(x) = 3%

T Y we
R ., \21.y=3"—2.4
\&;’”’3« \’ST'”’Li

Determine whether each of the following functions are even, odd or neither.
22. f(x) = 3% 23.y=2x?+3x-9 24, y=2x+9

Neither Nerther Neither

25. f(x) = —()* 26.y = 4x 27. y=x2+9

N ovher o0\ even

Unit 4: Characteristics of Functions

3 T Y=-1i5

lﬂ po "‘“erf
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30. 0.324

Convert the decimals into fractions, make sure to reduce
fractions to simplest form when possible and write improper
fractions as mixed numbers

28. 04 9/5 29. 2.093 9%0
[4]
gl

250

31. Afootball club is hiring a painter to paint a mural on the concession stand wall.
The painter charges an initial fee plus $25 an hour. After 12 hours of work, the
football club owed $350. Create a function to represent the situation. Find and
interpret the rate of change and initial value.

ReC i’215/hr‘
\‘mjrml ot = 56

32. After writing part of his novel, Thomas is now writing consistent number of pages
each week. The table below tracks Thomas’ progress. Create a function to represent
the situation. Find and interpret the rate of change.

Number of weeks

4 6 9

Pages Written

85 117 165

Kol \bpdﬁﬁﬁ/mae,K

Review your practice and notes to prepare for the mastery check.
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4-7: End Behavior
Learning Targets:

o | can identify the end behavior of a function.

F.IF.4

function is end behavior. End behavior describes
what happens to the as the

| Begin 4-7 Video 1

Vocabulary:
- End Behaviors

One last characteristic that we can use to describe a

There are a few different ways
to ask about end behavior:

approaches infinity or negative infinity.

ASs X>—o00,y->

(Read as x approaches negative
infinity, y approaches ?)

As x>0, y-2

(Read as x approaches positive

infinity, y approaches ?)

® One side will approach the asymptote.

Example 1: Describe the end behavior of the
functions below.

Function What Can you expect?
Type As x increases ,y
Linear * One side will approach co.
®  One side will approach -co. As x decreases,y
Quadratic e Both sides will approach the same thing.
Exponential ¢ One side will approach oo or ~co.

As x increases, f(x)

As x decreases , f(x)

P

a. 22 b. 4%, - [
) . 15 H
3| e T
¢4 )
4
oL o -1
« S IA\ /
~1.§] .
2
a5
r vy
Y
As x> —00,y> As xincreases,y
IAS X200, y> As x decreases, y

Unit 4: Characteristics of Functions

C. 47

8
4
3 fx)
b4
¥

L 23

S 4 2204 ] 1A T 2 B

i o BTE) wn me se wer o P

As x decreases, f(x)

As xincreases, f(x)
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You try: Des:cyribe the end behavigr of the functions below. ; .
1. 2. 1] = 3. :

i 11 \ !
N | .

§ - CED . . .
{As x> —co,y> As xincreases,y &gmag&g % Asx decreases, f(x) M/ﬁ
As x>0,y i As x decreases, y _dgg_feﬁjﬁﬁ As x increases, f(x) Q‘)Qf)_{mgjgﬁ

Practice 4 — 7: End Behavior g
Surprise! We are going to do spirals first this time.
1. Find, Fix, and Justify: Raymond was asked
to solve for the length of the hypotenuse g , .
in a right triangle with legs that have side /é M %
lengths of 3 and 4. His work is shown
below. He made a mistake when solving.

Explain the mistake and then solve the
problem correctly.
Raymond'’s Solution: Correct Solution:
a®+b%=¢?
42 + 3% =¢c* \ é
16 +9=c? hﬁéAﬁ \’15) '\, ]Da‘w\ SICS
25=c
2. Evaluate the expressions when 3. Marcus told his mother that the
a=156andb=12 area of the square office at his
a—b school is 125 ft>. His mom
\ ';\ asked him for the length of one

side of the office. What is the
length of the side of the office?

545 2 W13

Unit 4: Characteristics of Functions 48



Summarize the characteristics of the following functions.

' 3%

¥

a. rate of change (slope)
b. domain

R

d. x-intercept

(\a6lb

f. interval of inc.

Never

h. interval of pos.
X 4\5

j. End Behavior:
asx — —co,y — Lk
asx - 0, ¥y =

¢ range

e. y-mtercep)

g 1nterval of dec.

ot\,m.gf»

L. interval of neg.

21D

Unit 4: Characteristics of Functions

¥ ]

a. rate of change (slope)

C. range

b. domain

d. x-interc e. y-interce
hﬁ (o) %)

f. 1r1tervai of inc.

h. interval of pos.

>

j. End Beha\nor
asX - —,y =3

asx — co, y—am

NeJey

i. interval of neg.

%<

g. interval of dec.
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4

-
M

Ny

- >
R 2 4

v
a. Axis of Symmetry: XZ A
b. Vertex: 2 !
Max: Eﬁ“& or Min: "\I

. x-intercept

nonNe

d. Y-intercept: (0 ;‘5)
e. Domain: _ﬁ_

f. Range: g% 72

g. Interval of

Increasing: X > Q
h. Interval of
Decreasing: X Z.. 2
i Interval of

Positive: a,\wmfﬁ

j- Interval of
Negative:___ (\@NEY

k. Rate of Change over

[1,3}: )

I. End Behavior:

Asx—e-—-oo,yq €
As x - 00,y = (.2

Unit 4: Characteristics of Functions

\)
" 4
N | B

- -/-n \
)
/ \

H
-

] HE
i °F L)
a. AQS: )("::” 1

b. Vertex: Lfi,,_iz)
Max: Q or Min: NZ{I

¢. x-intercept(s): (_':‘5’,()) , j“}!&?
d. Y-intercept: (Ql“‘:?)

e. Domain: Zg
f. Range: i%} P

g. Interval of

Increasing: A 4 -3

h. Interval of

Decreasing: X? Hj

i. Interval of

Positive: 54X £ "}

j. Interval of

Negative: X /. =5 and )(?"/

k. Rate of Change over
Y

[-7.01: 7

|. End Behavior:

Asx—>—oo,y—> ——O&
Asx = 00,y > o

50



j( . Write your
= - Questions here!

a2

P R Y 24 6y

a. Asymptote: % -

b. X-intercept: __noné

c. Y-intercept: LO ;5 )
d. Domain: ___@ﬂ

e. Range: !% 7 2
f. Interval of Increasing:___Q lng@

0. Interval of Decreasing: N\ Evey

h. Interval of Positive: Q l w@ﬁg’e &

i. Interval of Negative: __ NEWEY"

j- Rate of Change over [-1,0]: 3

k. End Behavior:

Asx — —o0,y — ;
ol

Asx > o0,y -

Unit 4: Characteristics of Functions

A
-

e AT

- § e [y oo VY
>

L

2
Y

é F = ‘2
b. X-intercept: __non€

c. Y-intercept; §01“7)
d. Domain; Zg

e, Range:__jﬁ_gfz

f. Interval of Increasing; ﬂ/u,’!i’e',gﬁﬁ

g. Interval of Decreasing:_N@/éy
h. Interval of Positive:___») £4/é4"

i. Interval of Negative: 4(2(%,;;’2

j. Rate of Change over [-1,0]: 5
k. End Behavior:

a. Asymptote:

Asx — —o0,y » &

Asx — 00,y - ﬂa?

Review your practice and notes to prepare for the mastery check.
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Unit 4 Study Guide

For the questions 1-3, tell whether the following scenarios describe a linear,
exponential, or quadratic function.

1. Given a function exhibits the following end behavior:
As x decreases, f{x) increases

X
As x increases, f(x) increases %u&de} \C

2. Given a function exhibits the following end behavior:
As x decreases, f(x) increases

As x increases, f(x) approaches 4 Q}(?O m‘“ﬁj

3. Given a function exhibits the following end behavior:
As x decreases, f(x) increases
As x increases, f(x) decrease

\\neay

4. A machine makes bolts at an average of 250 per hour for up to 10 hours. Lety be
the number of bolts that the machine can make for a given x amount of time. What is
the domain of he function? What is the range of the function? ol
* )rednﬂ'
A TALY 04X L 2800/% ol
5 .Marco opened a savings account wit $’70 Each month, he plans to save $40 Write
a function that represents this situation. Whatis the domain of the function? What

does the domain represent? Lj L}Dx .)—70 DZ }és"f * #—ec,hmz:e‘,/(frj#

o
6-10. Use the graph shown below to m»&r t?l)e T
following questions. 4 AR
6. What is the domain of the function? Rk ‘AR
IRV N
7. What is the range of the function? ) i i
' Tt A E 8y

e

8. What is the y-intercept of the function? ; ; ?/

9. Whatis the x 1ntercept of the funct!on? :
(Y c&") F R

10. When 3<>1, the function is ‘; ney @Q‘gﬁg % and !
poﬁn\-’i ¥e |

11. Find the average rate of change of f(x) over the
following intervals.

-1 17

A. -1<x<?2 B. 2<x<4 0 20
1 23

5 3 2 26

4 32
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What is the asymptote of the exponential functions?
12, f(x) =-3(2) 13. fx)=2(1/2)*+ 1 14. f(x) =4(5) -3

%%D %m) ;%ff 3

15. What is the average rate of change for the functions f(x) from x = 1 and x = 3?

f(x) = -3% +2 M\’;]\

For each of the following functions describe the interval of increase and /or decrease.
16. 17. 18.

B g

19. For which of the above graph is the following statement true. “as x decreases, f(x)

approaches 0" ‘ﬁ: \ L@B

20. For which of the above graphs is the following statement true. “ as x increases,
f(x) approaches -2” @%n ‘@6

21. For which of the above graphs is the following statement true. “as x increases,

f(x) approaches infinity” ”ﬁ:ﬂ Pu«}
22. What is the asymptote for 16 Si =0 for 17 % = dewand
18 \ E e Z?
x | g
23. Which has a greater rate of change from x =0 to x = 4, 012
f(x) or g(x)? ()L} 1|16
f(x) = 3%+ 1 % | 2%
3150
41100
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Find the y-intercept. (To find the y-intercept replace x = 0 and solve fory.)

24 f(x) =45 25, f(x) = 25~ 1 26. f(x) = 3(2) + 4
(b}f) (O)f)) (0;'7)
27 f(x)=3x-6 28, f(x) = 4x - 2

(QB“’“{QB (D)“’:Z\)

29. Busy Golf: Rents golf carts for $35 plus $7 per hour.
Cruising Golf rental fees are as follows:

Hours (x) Total Cost
g(x)

34

44

54

64

74

~N oy (Ut N

84

Find and compare the y-intercepts of the two functions,

Busy 334 Cm*ﬁ‘ihg 314

Find and compare the rate for change for each function.
P R 7
%w% ¢ " Cr“mﬁuixg #/0
Based on this information, which rental would you choose? Write a short paragraph

explaining why you think Busy Golf or Cruising Golf would be the better choice. Be
sure to support your decision with mathematical reasoning.

Crudeing  wndey | hewrs
%@53 ever 7l hourd
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30.

o oo o

Domain,

Range A7

Interval of Increase: ? %

Interval of Decrease: }ﬁ L.
What is the end behavior of the graph?
as x = oo (increases), f(x) -

As x = —oo (decreases), f(x) - D

y-intercept:
x-intercept(s):

ﬁt are %IE coordinates of the vertex?

Give an equatlon for the Axis of Symmetry.

-

Is the extreme point a maximum or a minimum?

min

What is the rate of change of this function over the interval

[13]7_ —&

31. Check all the boxes that apply to the given functions as transformations to the
parent function.

Horizontal | Horizontal | Vertical Vertical Vertical Vertical Reflect
Shift Left Shift Right | Shift Up Shift Stretch Shrink
Down
flx)=—4-2% / L
x)=2(x—-5)?2%-1
g(x) = 2(x —5) L Va4
h(x) = —(1/2)x + 4 v v

32. For each equation below, write a new equation that shift the function down 6 and
reflects over the x axis.

a. f(x) = 3%

b. g(x) = x2

-3"-(,

Unit 4: Characteristics of Functions
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Glossary

Average Rate of Change: The change in
the value of a quantity by the elapsed time, For a
function, this is the change in the y-value divided
by the change in the x-value for two distinet points
on the graph.

Coefficient: A number multiplied by a variable
in an algebraic expression.

Constant Rate of Change: With respect to
the variable x of a linear function y = f(x}, the
constant rate of change is the slope of its graph.

Constant Term: A quantity that does not
change its value.

Coordinate Plane: The plane determined by a
horizontal number line, called the x-axis, and a
vertical number line, called the y-axis, intersecting
at a point called the origin. Each point in

the coordinate plane can be specified by an ordered
pair of numbers.

Continuous: Describes a connected set of
numbers, such as an interval,

Discrete: A set with elements that are
disconnected.

Domain: The set of x-coordinates of the set of
points on a graph; the set of x-coordinates of a
given set of ordered pairs. The value that is the
input in a function or relation.

End Behaviors: The appearance of a graph as
it is followed farther and farther in either direction.

Exponential Function: A nonlinear function
in which the independent value is an exponent in
the function, as in v = ab®.

Exponential Model: An exponential function
representing real-world phenomena. The model
also represents patterns found in graphs and/or
data.

Horizontal Shift: A rigid transformation of a
graph in a horizontal direction, either left or right.

Interval Notation: A notation representing an
interval as a pair of numbers. The numbers are the
endpoints of the interval. Parentheses and/or

Unit 4: Characteristics of Functions

brackets are used to show whether the endpoints
are excluded or included.

Linear Function: A function with a constant
rate of change and a straight line graph.

Linear Model: A linear function representing
real-world phenomena. The model also represents
patterns found in graphs and/or data.

Parameter: The independent variable or
variables in a system of equations with more
than one dependent variable,

Quadratic Equation: An equation of degree
2, which has at most two solutions.

Quadratic Function: A function of degree 2
which has a graph that “turns around” once,
resembling an umbrella—iike curve that faces either
right-side up or upside down. This graph is called
4 parabola.

Range: The set of all possible outputs of a
function.

Reflection: A transformation that "flips" a
figure over a mirror or reflection line.

Root: The x—values where the function has a
value of zero.

Slope: The ratio of the vertical and horizontal
changes between two points on a surface or a line.

Variable: A letter or symbol used to represent a
number.

Vertex: The maximum or minimum value of a
parabola, either in terms of y if the parabola is
opening up or down, or in terms of x if the
parabola is opening left or right.

Vertical Translation: A shift in which a plane
figure moves vertically.

X-intercept: The point where a line meets or
crosses the x-axis. (x,0)

Y-Intercept: The point where a line meets or
crosses the y-axis. (0,y)
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