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Comparing linear, quadratic, and exponential functions and graphs
F.LE.1 Distinguish between situations that can be modeled with linear functions and with exponential
functions.

a. Show that linear functions grow by equal differences over equal intervals and that
exponential functions grow by equal factors over equal intervals. (This can be shown by
algebraic proof, with a table showing differences, or by calculating average rates of
change over equal intervals).

b. Recognize situations in which one quantity changes at a constant rate per unit interval
relative to another.

c. Recognize situations in which a quantity grows or decays by a constant percent rate per
unit intferval relative to another.

F.LE.2 Construct linear and exponential functions, including arithmetic and geometric sequences, given a
graph, a description of a relationship, or two input-output pairs (include reading these from a table).
F.LE.3 Observe using graphs and tables that a quantity increasing exponentially eventually exceeds a
quantity increasing linearly, quadratically, or (more generally) as a polynomial function.

F.IF.9 Compare properties of two functions each represented in a different way (algebraically,
graphically, numerically in tables, or by verbal descriptions). For example, given a graph of one function
and an algebraic expression for another, say which has the larger maximum..

F.IF.4 Using tables, graphs, and verbal descriptions, interpret the key characteristics of a function which
models the relationship between two quantities. Sketch a graph showing key features including:
intercepts; interval where the function is increasing, decreasing, positive, or negative; relative maximums
and minimums; symmetries; end behavior; and periodicity.

F.IF.5 Relate the domain of a function to its graph and, where applicable, to the quantitative relationship
it describes. For example, if the function h(n) gives the number of person-hours it takes to assemble n
engines in a factory, then the positive integers would be an appropriate domain for the function.

F.IF.6 Calculate and interpret the average rate of change of a function (presented symbolically or as a
table) over a specified interval. Estimate the rate of change from a graph.

F.IF.1 Understand that a function from one set (the input, called the domain) to another set (the output,
called the range) assigns to each element of the domain exactly one element of the range, i.e. each
input value mayps to exactly one output value. If fis a function, x is the input (an element of the domain),
and f(x) is the output (an element of the range). Graphically, the graphis y = f(x).

F.IF.2 Use function notation, evaluate functions for inputs in their domains, and interpret statements that
use function notation in terms of a context.




NAME OF
FUNCTION

GENERAL SHAPE OF GRAPH SKETCH

LINEAR

QUADRATIC

EXPONENTIAL

1. Complete the following tables and answer the questions to the right.

()

X y = 2X

1t Diff

This function is.
linear "I quadratic exponential

Describe two ways you were able to determine
what this function is:

X y=x2 | IstDiff | 2nd Diff

This function is.

linear quadratic exponential

How do you know?




(c)

1st Diff 2nd Djff

What do you notice about the differences in this

function@

By what number is the first difference multiplied by to
get the next ferm in the sequence of y-values?

How does this value connect to the function?

This function is. [llinear

What methods can you use to verify the type of function

selected?

[1 quadratic

exponential

2. Use differences to identify the type of function represented by the table of values.
Then label which type of function each table of values models.

X y X y X y X y
-4 5 -5 32 -2 8 0.5 0.9
-3 8 -4 16 -1 4 0.75 1.1
-2 13 -3 8 0 2 1 1.3
-1 20 -2 4 ] ] 1.25 1.5
0 29 -1 2 2 5 1.5 1.7
1 40 0 1 3 25 1.75 1.9
Function: Function: Function: Function:
Identify the following equations as linear, quadratic or exponential.
1" 2 Y=5+7(X)
3
Dlinear [l quadratic [ exponential Diinear - quadratic [ exponential
3 y=(x+3)° -4 s Y=-2(X)+5
linear quadratic [ exponential Ulinear quadratic exponential
1 /o\x 6. vl
5 y:—E(B) y=30x)" -4
Llinear quadratic exponential linear quadratic exponentia




Graph the functions y = 2x, y = x2 and y = 2 on the same grid for. Label your graphs.

4

3

Looking at the graphs above:

a) Which function equation shows a constant rate of change in its y values?e
How is this displayed on your graphe

b) For x < 4 how are the rates of change different for each graph?

Practice Problems
Identify the following equations as linear, quadratic or exponential.

1. y=4x+6 2, y:—gx-B
3. y=x?>—-5x+6 4. y=-2(4)x

5. y=3x+3 b. f(x) =(x—2)2+7



Function Identification
Determine if the following tables are quadratic, exponential, linear, or neither.

x| -3 2 N 0 ] 2 3 x| -3 2 N ] 2 3
y | 14 10 6 2 2 6 | -10 y | 21 12 5 0 3 4 3
x| -3 2 y 0 ] 2 3 x| -3 2 N 0 1 2 3
y| <16 | <13 | <10 | -7 4 N 2 y| -14 | 9 4 ] 6 11 16
x| -3 2 y 0 ] 2 3 x| -3 2 1 0 1 2 3
y| -18 | -6 2 2 6 18 vyl 4 8 16 32 64 | 128 | 256
x| -3 2 1 0 ] 2 3 x| -3 2 8 0 ]

y | 9/8 | 9/4 | 9/2 18 36 72 y | 30 20 12 2 0 0
x| -3 2 1 0 ] 2 3 x| -3 2 N 0 1 2 3
y | 1727 | 19 | 173 1 3 9 27 v 179 | 173 1 3 9 27 81
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FUNCTION | TABLE GRAPH EQUATION AROC
[-2, O]

X | -2 1| 2

Y

[0, 3]

X | 0 3| 4

y | o 3| 4
[-2, 0]

X | -2 1|2

12 1.5 | .75




[-1. 2]

2
2] - ‘ f@)=§x+1
[0. 2]
O | 1 4 y=x>—4x+5
8 [1, 4]
4]
-2 -1 2

16




[-4, O]

-4 -2 -1
4 -2 -5
‘\ o [0, 2]
-2 0 1 \\ 6
[-1. ]
\ %
\ A
-2 0 1
kbbb 71\
\

10



[-2, 2]

-2 -1 0 1 2
6| 5| 4| 3|2
[-1. 2]
-2 -1 0 1 2
—ﬂ""—#
6 -4 -2
[-3, 0]
-3 2 -1 0 ] x®+2x—-5
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Linear, Exponential, Quadratic or Neither

Determine a color for each type of function. Color the box the appropriate color based on what type of function it is.

:] = LINEAR
D= [: = EXPONENTIAL
Q :] = QUADRATIC
:] = NEITHER

y=Tx+4 4x —y =13 y=x+2x%* - 12 y=x*—1 (x—2)(x—-3)=12
4 2 5 13
3x—gy=15 y=x(x+9) y=-3(x—-2)"+8 y=6x Y=y
5 _ 3
—x2—2x+3=0 x*—10=0 xy = 17 flx) = 273 y:EI
X 3 6 9 | 12 X 5 10 15 20 ] 2 4 6 B ¥ 1 3 i x 1 3 5 7
12 10 B B ¥ 13 | 28 43 58 10 12 | 16 | 24 ¥ 1 9 16 =2 | =18 =50 | —98
Aty NIEIr ¥ | ¥
/ I ] L
/ N - x| 4 8 12 6
[«] - B ] X [e] X i i
5 " = I ¥ 3 0 3 6
¥
¥ ¥
] .Ilf-. | }i 1
l'l 4 I -
2l h | =T 1 | 3
o ( [ | |x o X }F=E{x+12}—2 y—1=-2(x—5)
) ma: EEEEEES
X
y=14 9=uxy —=18 {(1,2),(3,4),(5,6),(7,8), (9,10} | {(1,2), (1,3), (1,4),(1,5),(1,6}

A golf ball was hit at the
driving range.

The carnival charged an entry
fee to get in the park and also
a fee per ride ticket.

The population of beetles
doubled every week.

Mir. Green weighed decided he
wanted to lose four pounds a
week.

A basketball free throw was
shot to win the game.

y=(x—3)(x+6)

1 =16

The stock market loses a
third of its value every ten
years.

The flight path of an Angry Bird.

{(1.1).(2.4).(3.9).(4.2).(5. 1)}




Spreading a rumor

Keisha and Jenny have very bad habits or spreading rumors. They love to gossip.
When Keisha spreads a rumor she tells 10 people of the first day and then tells 5

people each day after that

When Jenny spreads a rumor she tells 3 people the first day and then doubles the

amount of people she tells each day after that.

Keisha Jenny
Write a model for this situation: Write a model for this situation:
Fill out the chart for the first 5 days: Fill out the chart for the first 5 days:
205 | Yowrenmer | Days | *ofpeoplewho
0 0
1 1
2 2
3 3
4 4
5 5

. Who has told more people the rumor initially2

Keisha Jenny

Who has told more people the rumor on day 22
Keisha Jenny

Who has told more people the rumor on day 3%
Keisha Jenny

Who has told more people the rumor on day 4¢
Keisha Jenny
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Number 7¢
of 72
people 68
that 64
know the é(
rumor 5¢

0 1 2 3 4 5 6 7

Number of Days
5. How many people will Keisha have told the rumor to in 10 days¢ How many
people will Jenny have told the rumor to in 10 days?

6. What kind of graph is Keisha's model?¢ What kind of graph is Jenny’'s model?

7. If these girls were spreading a rumor about you, which girl would you rather be
spreading the rumore Why? (remember the secret is about you so you probably
don’t want that many people to know about it)
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Paying off a loan
Luke is paying off a loan on his brother who loaned him money to buy a new mountain
bike. The bike cost him $400. Luke's brother is giving him two options to pay him back

e Luke can pay back 7% of the cost every month

e Luke can pay back $25 each month

Option 1 Option 2
Write a model for this situation: Write a model for this situation:
Fill out the chart for the first 9 monfths:
Fill out the chart for the first 9 months:
Month Amount of joan remaining Month Amount of loan remaining
0 0
! 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 %

1. By month 3 which option has the least amount of loan remaining?

Option 1

Option 2

2. By month 9 which option has the least amount of loan remaining?

Option 1

Option 2

15



405
390
375
360
345
330
300

Amount of 28
Loan 27

Remaining 25
24

22
2]
19
18
16

[
J

13

N

12
10
90
75
60
45
30
15

o1

<o

o oo OO oOT O OO OO

3 4 5 6 7 8 9
Number of Months

(@]
N

3. How long will it take to pay off the loan in option 22

4. How much will Luke still owe in 16 months with Option 12

5. What kind of function is option 12 What kind of function is option 22

6. Which option would you suggest that Luke take from his brothere Whye
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Linear and Exponential Sequences
1. Jack and Jane are siblings. The made a new years resolution to save money. The
both opened up a savings account on January 1st. Jack deposited $500 in his
savings account that is compounded monthly with an interest rate of 7.8%. On the
same day Jane deposited $450 in a savings account that is compounded monthly
with an interest rate of 15.4%.
i 2
a. How much money will Jack have after 3 yearss <>

Z

o

U

b. How much money will Jill have after 3 years?e

c. Who has more money?¢

d. By how much?

2. Harrison collects arrowheads. He is trying to get more than his friend Greg.
Right now he has five and he is hoping to double the amount he has each
week.

a. Write a sequence that shows how many arrowheads he will have
for the first 4 weeks.

b. Greg has 1,000 arrowheads. How many weeks will it take for Harrison to
have more arrowheads than Grege

3. Polly is saving up to buy a computer for when she goes to college. She wants
to have $800 saved when she graduates in 4 years. If she has a savings
account that pays 8.2% interest each year, how much money should she
put down now in order to have enough saved?
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4. On aremote island there are 300 crabs.
a. Write an equation that represents the population if it is
decreasing by 2% each year.

© (©

b. Write an equation that represents the population if it is
increasing by 2% each year.

5. For each of the following determine the PERCENT that each sequence is changing
by: 5%, 10%, 15%, 20%, 25%, 50%
a. 60, 48, 38.4, 30.72...

b. 20, 22, 24.2, 26.62...

c. 10, 7.5, 5.63, 4.22.... @
d. 40,20, 10, 5, 2.5... ?V
// My »

e. 8,8.4,8.82, 9.26... ——
f. 10,11.5,13.23,15.21...

6. Write an equation that represents the formula for the nth term
NOTE: sometimes the question is asked this way when it is just asking you to
write the equation. For example y = 4x — 1 is the same thing as an = 4n - 1. So if
it asks to write for the nth term you just need to change your variables from y

foanand xton

a. 6, 14,22, 30, 38...
b. 1,10, 100, 1000...

c. 5,40, 320, 2560...

d. -1,0,1,3,5...

e. 4,1,-2,-5 -8...

f. 2,-8,32,-128

18



Height vs. Age charts are an important way to keep track of a child’s progress.

Read the information on this page about Height vs. Age charts. Then, use the Height vs. Age charts
for girls and boys to examine rates of change and answer the questions on the following page.

Height vs. Age Charts

Height vs. Age charts are used to keep track of a chuld’s progress. They were developed by the
Centers for Disease Control and Prevention (CDC), using data from thousands of children

Based on height, these charts indicate the percentile at which a cluild falls compared to other
children of the same age. Each curved line on the chart indicates a specific percentile. To use them,
locate the point on the chart correspondmg to a child’s age along the horizontal axis and the child’s
height along the vertical axis. Then, identify the curve closest to that pomnt, which mdicates the
percentile.

85

5.:5

LH. i

For mnstance, Monique 1s 10 years old and 56 mches tall. On
the girls” Height vs. Age chart, the point (10 years, 56 inches) lies
Just below the curve for the 75th percentile. This means that
Monique 1s taller than approximately 75% of all 10-year-old girls,
but she 1s not as tall as the other 25% of 10-year-old girls.

L

Four separate charts are published by the National Center for
Health Statistics (NCHS). a division of the CDC:
= Boys, birth to 36 months
= Boys, 3 to 18 years of age
= Girls, barth to 36 months
= Gurls, 3 to 18 years of age

|= X¥E
] EHEEHEEEE
E

Parents often become fixated with their chuld’s percentile, especially 1f their children fall below
the 50th percentile. However, parents have nothing to worry about, as long as the child 15
consistently within the normal range. (The “normal range™ 1s usually defined as a height between
the 10th and 90th percentiles.) Physicians will become concerned, however, 1f a child repeatedly
falls below the lower linut. A physician will also have concern if the percentile continues to
decrease. For instance, a physician may worry about a child who measured at the 90th percentile at
age two, but then fell to the 50th percentile by age three, and then fell to the 10th percentile by age
four. From a health standpoint, 1t 15 important for children to maintain roughly the same percentile
as they get older.
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Consider a girl at the 50th percentile. Estimate the rate of change in her height (inches per year)
at the following ages.

AGE 3 5 7 9 11 13 15 17

RATE oF CHANGE
IN HEIGHT
(INCHES PER YEAR)

For a girl at the 50th percentile, at what age 1s her rate of change n height the greatest? That 1s,
when 15 she growing the fastest? Estimate her rate of change in height (inches per year) at this
age.

As a gir] at the 50th percentile gets close to 20 years of age, explamn what happens to her rate of
change m height. Use the graph of Height vs. Age to justify your answer.

Use your results from Question 1 to sketch a graph representing the approximate rate of change
in height vs._ the age for a girl at the 50th percentile from age 3 to 20. What happens to a girl’s
rate of change 1n height over time? Explamn.

I

Growth Rale
(inches per year)
(%]

3 T 10 15 20
Age (years)
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Consider a boy at the 50th percentile. Estimate the rate of change in his height (inches per year)
at the following ages.

AGE 3 5 7 9 11 13 15 17

RATE OF CHANGE
IN HEIGHT
(INCHES PER YEAR)

. For a boy at the 50th percentile, at what age 1s lus rate of change in height the greatest? That 1s,
when 15 he growing the fastest? Estimate his rate of change in height (inches per year) at tlus
age.

. As a boy at the 50th percentile gets close to 20 years of age, explain what happens to lus rate of
change m height. Use the graph of Height vs. Age to justify your answer.

. Use your results from Question 5 to sketch a graph representing the approximate rate of change
in height vs. the age for a boy at the 50th percentile from age 3 to 20. What happens to a boy’s
rate of change 1n height rate over time? Explain.

I

Growth Rate
(inches per year)
(g

3 7 10 15 20
Age (years)
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Stature-for-age and Weight-for-age percentiles

MAME

RECORD #

12 13 14 15 16 17 18 19 20
Mother's Stahwe ____ Fathar's Stahwe L L L H emd-in—
Date Age Waight Stnre B AGE (YEARS) 76—
1903
5= 74
= E:QF:I1EEE?
i ==+ 1180%
.ff Ei::_. __?l:l_
Fa = ! i 1751
“To Caleulate BMI: Weight (kg) + Stature {crm) + Stature (cm) x 10,000 ra = - = = EI':ZE.5 =+ ?D-_EE 1
oF Welght (Ib) + Stature (in) + Staluns (in} « 703 . Z i T a6
Fi Fi — 1 1=
in femiT=3f4a-s5Fe 78 F9F10F11 T s L E...:‘z:i::‘lﬁﬁ:ﬂ
ri rd - -
1160 e 160F
_EE:- 7 z 1 - _:EE_
-£155 - = i 15571 1
_'EEI:_ ra fz - rd .f'r _:EEI_
_SE_:'IED = =+ = 1504
F145 7 e -
—56 F - A 5
140 o ) - 105F230
_54 - ¥4 s - T
1135 e e 1003220
_52 B Fi i -—
130 7 i rd - );. 355:95:_21 0
» .I'I' .r'll ..r" ral I
S0%28 = = g0 200
—48 e z # 40 a0
120 FEF A = 85¢
BEIET e e = ST
_44::1 0 7 A i ‘: = A i 75 ?E;FI?D-
L 45 rra?:r {-" i - 7 160
_: i {.l Fi i < = - -JE:?D::
_4l:|_ 1I:|5 :' Fal i ff e ’ Fa 2 = :Ii-‘__ '35':'_
'E'“:”j o Ml 7 - . i 'EEE:-M_D_
T __‘ﬁ::lr A o= = = +
£ 95+% .:r i : = 7 3 : 1.’;: B0 a4
~36Fq0 LR = Z = ==55=55 1120
—34::55:# a— = e TRESALE
_SE:ZBD - = Fa J’f - 45:-1DD
— r.a B r.; E T
_3D — = = rad i = F ;.r = -4':' — g:l-
= -

80 =35 = === 351 &0
0= ra - 70
60 +=30 s == 30+ 60
= = E===s 5%
—5 = = - " B 1
=20 — e a0E
_'q'l:l += — -E,-‘- -.‘ = 'a--.. T 4I:I-
16 = 15
=30 9= === an

103 AGE (YEARS) 10+
Ih _k'g 1 1 1 1 1 1 111 1 1 I I T T NI T T T O 1 1 kg_ Ih

2 3 4 5 6 7 B 89 10 11 12 13

Pubishad May 30, 2000 (modifed 11/2100).

SOURCE: Devolopad by $ha Masonal Comtar for Heakh Stafsios in odllabarasion with
tha Nasonal Corter for Chmnic Disnass Provertion and Hoalth Pramafon 2000).
http: ferere odc.govigrowthcharts

14 15 16 17 18 19 20

s

SAFER - HEALTHICR - PEGPLE™

mIIXc AW

4IG—-m=

23



Even & Odd Functions

Algebraically: Even, Odd, Neither?

¥ A function is even if

©)

¥ A function is odd if

©)

¥ A function is neither if

©)

What makes a term even or odd?

(@]

Examples

Any number X x2
(-2, 65, ')

(@]

Graphically: Even, Odd, Neither?
% A function is even if

o

% A function is odd if

o

% A function is neither if

o

o

Examples: Even, Odd, Neither?

1. 2.

.""-l--

Tt

et

S
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4. f(x)=x%+1

1048 46 4 /0 o \31
+ + -a-- + + 4

10. f(x) =-3x3+5

5. f(x)=2x*-3x+5

-

o

[3

—_—
[= (=]

-108 16

Iﬁmu —
il e Y
t = +

=

o

1
=

,__
== = T S
I

[24]

11, f(x)=x?>+4

6. f(x)=x3+x

[ —
b On D

i
J—=,

+ _Jl_rla

=

—_—

3 = T ]

]
=

12. f(x) = 4x3 + 2x
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Even, Odd, or Neither?

1. 2. 3, '
S| = UJ
.6 6f(x) = —2x3 + 4x?

f(x) = —5x //—
N
y ) 5.
f(x) =9x3+ 4
AR f / Wi
]O.f(x)_x4+8 11. ]2f(x)=x3_x

I ! I !
.....
------
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T8 6 4 20

—2T w

Use the graph fo
find the average
rate of change

fromx=1tox=2

What is the average rate of
change between (-3,0) and
(4.2)

‘_%;}; &
A~ :

/

sl S

Use the graph to
find the average
rate of change
fromx=-8tox=-4

Use the graph to
find the average
rate of change
fromx=-6tox=1

Given f(x) =-3x -8, find
the average rate of
change when x, =-2 and

X, =2

Is this a function hy or why
note
(12,1), (1,5) (5.6) (11,1)

Given f(x) = -2x + 2, find the
average rate of change
when x, =-4andx, =0

What is the average rate of
change between (6,4) and (-
2,-1)

e

Is this a function why or why
not?
(0,1), (1.-3) (0,4) (-3.1)

Is this a function why or why
note
(12,1), (1,5) (5.6) (12,3)

Given f(x) = -5x— 4 , find the
average rate of change
when x, =-1and x2 = 2

What is the average rate of
change between (0,-1) and
(-2.5)
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ty ) X h(x) For f(x)=(x-3)*+1, find the
| X
8 J 2 6 rate of change when x =0
o1 : 4 andx, =3
4t . }
2T L 0 2
8 Z6 -a 2& 2 4 6 & : 0 N
e | A%
mal Given f(x) = 3x, find the
j(d) _ x = Lif jx)==2 average rate of change
when x, =0and  x2=2
h(2)= x:_,ijrh(x)zfz
For f(x)=(x-1)?-2, find the X r(x)
rate of change when x, =-2 8 9 4
andx, =0 6 P(x)
al 1 1
2 0 0
s 16 4 20 i 6
A : N
/a\ /o dl 2 4
Given f(x) = 5%, find the
average rate of change
when x, =0and x2=2 x= Lif p(x)=1
x= Lif r(x)=-2
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