J — Powers, Lesson 1, Modeling Exponential Functions (r. 2018)

POWERS

Modeling Exponential Functions

Common Core Standards

A-SSE.B.3c Use the properties of exponents to

transform expressions for-expenential-functions—For
example,-the-expression-1.15: can-be-rewritten-as—
el—léyag);zt—l—%z;zpte—mveakthe-apmemmate—
15%—

PARCC: Tasks are limited to exponential expressions with inte-
ger exponents. Tasks have a real-world context. As described in
the standard, there is an interplay between the mathematical
structure of the expression and the structure of the situation such
that choosing and producing an equivalent form of the expression
reveals something about the situation.

A-CED.1 Create equations and inequalities in one

variable and-use-them-to-selvepreblems. Include

equations arising from linear and quadratic func-

tions, and-simple-rational and exponential functions.

PARCC: Tasks are limited to linear, quadratic, or exponential
equations with integer exponents.

F-BF.A.1 Write a function that describes a relation-
ship between two quantities.

F-LE.A.2 Construct linear and exponential func-
tions, ineluding-arithmetic-and-geometric-sequences;
given a graph, a description of a relationship, or two
input-output pairs (include reading these from a ta-
ble).

PARCC: Tasks are limited to constructing linear and exponential
functions in simple context (not multi-step).

F-LE.5 Interpret the parameters in a linear or expo-

nential function in terms of a context.
PARCC: Tasks have a real-world context. Exponential functions
are limited to those with domains in the integers.

Next Generation Standards

Al-A.SSE.3c Use the properties of exponents to rewrite
exponential expressions.

(Shared standard with Algebra I1)

e.g.,

® 3x= (32)x = Ox

o 32x+3 = 32x* 33=9x+ 27

Note: Exponential expressions will include those with in-
teger exponents, as well as those whose exponents are
linear expressions. Any linear term in those expres-
sions will have an integer coefficient. Rational expo-
nents are an expectation for Algebra I1.

Al-A.CED.1 Create equations and inequalities in one
variable to represent a real-world context.

(Shared standard with Algebra I1)

Notes:

« This is strictly the development of the model (equa-
tion/inequality).

 Limit equations to linear, quadratic, and exponen-

tials of the form f(X) = a(b)X where a >0 and

b>0(#1).

* Work with geometric sequences may involve an ex-
ponential equation/formula of the form an= arn-1,
where a is the first term and r is the common ratio.

« Inequalities are limited to linear inequalities.

« Algebra | tasks do not involve compound inequalities.
Al-F.BF.1 Write a function that describes a relationship
between two quantities.

(Shared standard with Algebra I1)

Al-F.LE.2 Construct a linear or exponential function
symbolically given:

i) a graph;

ii) a description of the relationship;

iii) two input-output pairs (include reading these from a
table).

(Shared standard with Algebra I1)

Note: Tasks are limited to constructing linear and expo-
nential functions in simple context (not multi-step).
Al-F.LE.5 Interpret the parameters in a linear or expo-
nential function in terms of a context.

(Shared standard with Algebra I1)

Note: Tasks have a real-world context. Exponential

functions are limited to those with domains in the inte-
gers and are of the form f (X) = a(b)X where

a>0andb>0(b#1).




LEARNING OBJECTIVES

Students will be able to:

1) Transform expressions and equations between equivalent exponential and radical forms.
2) Create and solve exponential functions based on real-world contexts.

Overview of Lesson

- vocabulary

- activate students’ prior knowledge

- learning objective(s)

Teacher Centered Introduction Student Centered Activities

Overview of Lesson guided practice €Teacher: anticipates, monitors, selects, sequences, and

connects student work
- developing essential skills
- Regents exam questions

- formative assessment assignment (exit slip, explain the math, or journal

- big ideas: direct instruction entry)
- modeling
VOCABULARY
A= P(lJ_rr)t initial amount
b power
ase rate of decay
cycle

exponential decay
exponential growth
exponential regression

rate of growth
rational exponents
root

scientific notation

BIG IDEAS

Rules for Rational Exponents:

Rule:

Rule:
Rule:

Rule:

Rule:

1
0 —
For any nonzero numbera, & =1 and a" = a

m+n

For any nonzero number a and any rational numbers mand n, 2"-a" =a
For any nonzero number a and any rational numbers mand n, (@")"=a™
For any nonzero numbers a and b and any rational number n (ab)" =a"b"

: a
For any nonzero number a and any rational numbers m and n, O a

A number is in scientific notation if it is written in the form @ x10" 'where n is an integer and

1<|a| <10




Exponential Growth and Decay
t
A=P(1tr)

A common formula for exponential growth or decay is
A=P(1tr)
Where:

A is the amount after growth or decay.
P is the original amount before growth or decay.

(1£r) is 100% of the original plus-or-minus the rate of growth or decay.

e +isused to model growth.
e - isused to model decay.
t is the number of growth or decay cycles, usually measured in units of time.

Sample Problem
PROBLEM

The equation A =1500(1.03)t can be used to find the amount of money in a bank account if the

initial amount deposited was $1,500 and the money grows with interest compounded annually at
the rate of 3%. Rewrite this equation to reflect a monthly rate of growth.

SOLUTION
The problem wants us to write a new equation in which the rate of growth is expressed in months
instead of years.

STEP 1. The rate of growth will be smaller if interest compounds monthly rather than annually.
Therefore, the base of the exponent (in parentheses) must be reduced.

Using the rule: For any nonzero number a and any rational numbers mand n, (@")"=a™
rewrite the exponential base (in parentheses) and its power as follows:

1 \d2t
(1.03)‘:(1.0312j ,

NOTE: Both expressions reflect the amount after one year of growth.
e In the left expression, t represents time in years.
e Inthe right expression, t represents time in months.

STEP 2. Simplify the base of the exponent (the term in parentheses) as follows:
1

1.032 =1.00246627 , which rounds to 1.0025
NOTE: This reveals the approximate equivalent monthly interest rate.

STEP 3. Rewrite the entire equation with the new exponent.



12t

A =1500(1.0025)

NOTE: 12t represents one year, or 12 months. To find growth in months, eliminate the
multiplication by 12.

STEP 4. Write the new equation.
A=1500(1.0025)'

CHECK
If the new equation reflects the same mathematical relationship as the original equation, both
equations should produce similar outputs for similar amounts of time.

Original Equation Expressing Growth in Years
Flakl Flakz Flakz " L

A ELSEEG] BT | | ] 1500
~Nz=l
wNa=
wNy=
“Ne=
M=

Flokl Flokz Flotz " 4

~YiB15EExC ], ARzt | DI 150
~Me= 3
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~hy=
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DEVELOPING ESSENTIAL SKILLS

Solve the following problems using exponential growth or exponential decay formulas.

Problems Solutions
1 | Daniel’s Print Shop purchased a new printer for $35,000. A=Pp (1+ r)l
Each year it depreciates (loses value) at a rate of 5%. What N
will its approximate value be at the end of the fourth year? A =35000(1—0.05)*
A~ $28,507.72
2 | Kathy plans to purchase a car that depreciates (loses value) at A=P (1+ r)t
a rate of 14% per year. The initial cost of the car is $21,000. B
Write an equation that represents the value, v, of the car after v =21000(1+0.14)*
3 years.
3 | A bank is advertising that new customers can open a savings A=P (1+ r)t
. 3 . B
account with a 3 P % interest rate compounded annually. A =5000(1+ 0.0375)°
Robert invests $5,000 in an account at this rate. If he makes A~ $5 583.86

no additional deposits or withdrawals on his account, find the
amount of money he will have, to the nearest cent, after three

years.
4 | Cassandra bought an antique dresser for $500. If the value A=P (l+ r)t

of her dresser increases 6% annually, what will be the value B

of Cassandra's dresser at the end of 3 years to the nearest A =500(1+0.06)°

dollar? A~ $596
5 (ooster Club raised $30,000 for a sports fund. No more money A=P(1+ r)t

will be placed into the fund. Each year the fund will B

decrease by 5%. Determine the amount of money, to the A =30000(1-.05)*

nearest cent, that will be left in the sports fund after 4 years. A~ $24.435.19
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REGENTS EXAM QUESTIONS (through June 2018)

POWERS
A.SSE.B.3c, ACED.A1,F.BF.Al F.LEA2 F.LEB.5:
Modeling Exponential Functions

Miriam and Jessica are growing bacteria in a laboratory. Miriam uses the growth function f(#) = n*

while Jessica uses the function gt = #*, where n represents the initial number of bacteria and t is the
time, in hours. If Miriam starts with 16 bacteria, how many bacteria should Jessica start with to achieve
the same growth over time?

1) 32 3) 8

2) 16 4) 4

Jacob and Jessica are studying the spread of dandelions. Jacob discovers that the growth over t weeks can
be defined by the function = (&)-2°. Jessica finds that the growth function over t weeks is

g(ﬂl — 2!+3 .
Calculate the number of dandelions that Jacob and Jessica will each have after 5 weeks.

Based on the growth from both functions, explain the relationship between ¢} and git).

The growth of a certain organism can be modeled by Cf#) = 10¢1.0293**  where 3} is the total number
of cells after t hours. Which function is approximately equivalent to £7#)?
1) ot = 2400085 3) o) = 10(1.986)
2) o = 100.083) 4) z
) = 240(1.936)

A computer application generates a sequence of musical notes using the function #z) = 6{163", where n is
the number of the note in the sequence and f{#z) is the note frequency in hertz. Which function will
generate the same note sequence as fl#)1?

1) giw) = 120" 3) plm=12()*
2) hin) = ()" 4 km) = 6™

Mario's $15,000 car depreciates in value at a rate of 19% per year. The value, V, after t years can be
modeled by the function ¥ = 15,000(0.81)°. Which function is equivalent to the original function?

1) =15 000(0.9)" 3) :
= 15,000(0.9)
2) = 15000(0.93* 4) !

= 15,000(0.9)°

Nora inherited a savings account that was started by her grandmother 25 years ago. This scenario is

modeled by the function A(£) = 5000{1.013)"** where A{#) represents the value of the account, in
dollars, t years after the inheritance. Which function below is equivalent to A(#)?

1)  A() =s000[(1.013)]* 3)  AfH = (5000 (1.013*
2)  A(H =5000[(1.013) + (1.013)*] 4)  A(H = 500001013 (1.015*
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The Ebola virus has an infection rate of 11% per day as compared to the SARS virus, which has a rate of
4% per day. If there were one case of Ebola and 30 cases of SARS initially reported to authorities and
cases are reported each day, which statement is true?

1) Atday 10 and day 53 there are more 3) Atday 10 there are more SARS cases, but
Ebola cases. at day 53 there are more Ebola cases.

2) Atday 10 and day 53 there are more 4) At day 10 there are more Ebola cases, but
SARS cases. at day 53 there are more SARS cases.

Dylan invested $600 in a savings account at a 1.6% annual interest rate. He made no deposits or
withdrawals on the account for 2 years. The interest was compounded annually. Find, to the nearest
cent, the balance in the account after 2 years.

Rhonda deposited $3000 in an account in the Merrick National Bank, earning 4.2% interest, compounded
annually. She made no deposits or withdrawals. Write an equation that can be used to find B, her
account balance after t years.

Krystal was given $3000 when she turned 2 years old. Her parents invested it at a 2% interest rate
compounded annually. No deposits or withdrawals were made. Which expression can be used to
determine how much money Krystal had in the account when she turned 18?

1) 300001+ 0.023" 3) 3000(1 + 0.0
2) 300001 - 0.02)" 4) 3p00(1 - 0.0

The country of Benin in West Africa has a population of 9.05 million people. The population is growing
at a rate of 3.1% each year. Which function can be used to find the population 7 years from now?

1) An=(2.05x10%71-031) 3) A =(9.05x10%(1+0.031)
2) An=19.05x10%1+0.31° 4) 5= (9.05 % 10%(1 - 0.031)"

A student invests $500 for 3 years in a savings account that earns 4% interest per year. No further
deposits or withdrawals are made during this time. Which statement does not yield the correct balance in
the account at the end of 3 years?

1) soo(1.04* 3) 50001 +.043(1 +.043(1 +.04)

2) soo(1-.04)° 4) 500+ 500(.04)+ 520(.04) + 540.8(.04)

Anne invested $1000 in an account with a 1.3% annual interest rate. She made no deposits or
withdrawals on the account for 2 years. If interest was compounded annually, which equation represents
the balance in the account after the 2 years?

1) 4A=1000(1-0.01%% 3) A=1000(1-1.3)°
2)  4=1000(1+0.013) 4)  4=1000{1+1.3)"

Write an exponential equation for the graph shown below.
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Explain how you determined the equation.

The table below shows the temperature T(m), of a cup of hot chocolate that is allowed to chill over several
minutes, m.

Time, m (minutes) 0 2 |4 |6 |8
Temperature, T(m) | 150 [ 108 [ 78 | 56 | 41

(o)

Which expression best fits the data for T(m)?

1 1so(0.8s™ 3) 1s0(0.85™ !
2) 15001.15™ 4) 1500085

Jill invests $400 in a savings bond. The value of the bond, ¥{x}, in hundreds of dollars after x years is
illustrated in the table below.

V(x)
4
5.4
7.29
9.84

WIN P |O(X

Which equation and statement illustrate the approximate value of the bond in hundreds of dollars over time
in years?

1) ¥ix) = 4{0.651%and it grows. 3) ¥ix) =4{1.35and it grows.

2)  ¥ix) = 4{0.65Y and it decays. 4)  ¥ix) = 4(1.35Y"and it decays.

The breakdown of a sample of a chemical compound is represented by the function z(# = 300{0.5)",
where pit) represents the number of milligrams of the substance and t represents the time, in years. In
the function p(z), explain what 0.5 and 300 represent.
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Some banks charge a fee on savings accounts that are left inactive for an extended period of time. The
equation ¥ = 5000(0.98)" represents the value, y, of one account that was left inactive for a period of x

years. What is the y-intercept of this equation and what does it represent?
1) 0.98, the percent of money in the account 3) 5000, the amount of money in the account

initially initially
2) 0.98, the percent of money in the account 4) 5000, the amount of money in the account
after x years after x years

The function ¥1#) = 1350({1.017)° represents the value Fit), in dollars, of a comic book t years after its

purchase. The yearly rate of appreciation of the comic book is
1) 17% 3) 1.017%
2) 1L7% 4) 0.017%

The number of carbon atoms in a fossil is given by the function y = 5100{0.953" , where x represents the
number of years since being discovered. What is the percent of change each year? Explain how you
arrived at your answer.

The equation 4 = 1300{1.02)" is being used to calculate the amount of money in a savings account.
What does 1.02 represent in this equation?

1) 0.02% decay 3) 2% decay

2) 0.02% growth 4) 2% growth

Milton has his money invested in a stock portfolio. The value, v(x), of his portfolio can be modeled with
the function v{x) = 30,000{0.781%, where x is the number of years since he made his investment. Which
statement describes the rate of change of the value of his portfolio?

1) It decreases 78% per year. 3) Itincreases 78% per year.

2) It decreases 22% per year. 4) Itincreases 22% per year.

The 2014 winner of the Boston Marathon runs as many as 120 miles per week. During the last few weeks
of his training for an event, his mileage can be modeled by A#{w) = 120¢.903* ! where w represents the
number of weeks since training began. Which statement is true about the model A4{w?

1) The number of miles he runs will increase 3) A4{w) represents the total mileage run in a

by 90% each week. given week.
2) The number of miles he runs will be 10% 4) w represents the number of weeks left
of the previous week. until his marathon.

The value, v(f), of a car depreciates according to the function vi(#i = P{.&5)", where P is the purchase price
of the car and t is the time, in years, since the car was purchased. State the percent that the value of the
car decreases by each year. Justify your answer.

SOLUTIONS

ANS: 4
Understanding the Problem.

Miriam’s exponential growth function is modeled by ##) = #*. The problem tells us that n equals 16, s
Miriam’s exponential growth function can be rewritten as f7¢) = 164

Jessica’s exponential growth function is modeled by gt = r*. The guantity n is unknown for Jessica’s
exponential growth function and the problem wants us to find the value of n that will make ) = git).



Strategy: Substitute equivalent expresseions for ) and g(t), then solve for n.

Sty =glt) or St =gl or ) =glt)
152! — PE# 162! — PE“ 162: — PE‘H
6% _ [H:JE’ 16% = n* 16% = n*
4
P 26=n N6t = olnt
i : 16 = n*
4= 256% = [pz“]‘*
4=pn
4=n

DIMS? Does It Make Sense? Yes. The outputs of ##1 = 16¥ and gff) = 4* are identical.
o

Flatl Flakz Flokz Xy LI
ch
i cEh cEh
~ EiL,E'H z BEEZE | BEEZE
Mz B4 x i.68E? | 1.6BE?
S Y Y.29E9 | 4.29ER
s P | | e
~Me= | 5:E1E | 52RLE
~Ne=Ml Li= T
PTS: 2 NAT: ASSE.B.3c TOP: Solving Exponential Equations
302) ANS:
Jacob and Jessica will both have 256 dandelions after 5 weeks.
An=82 git) = 2"
f5=®-2" | g5=2""
A5 =832 g(5) = 2°
A5) =256 g(51 = 256
Both functions express the same mathematical relationships.
) =gl
8 i 21’ - 21’+3
g.2'=2".2°
go2t=2"8
PTS. 2 NAT: ASSE.B.3c TOP: Exponential Equations
303) ANS: 3

Step 1. Understand that this problem wants you to find the function in the answer choices that is
equivalent to C{f) = 10(1.029)**.

Step 2. Strategy. Use properties of exponents to rewrite the expression.
Step 3. Execute the strategy.



() = 10(1.029)*%
(8 = 1001.029%%y
Use a calculator to find the value of 1.029%
1) = 10(1.956)°

Choice c is the correct answer.

Step 4. Does it make sense? Yes.

Check by inputting both functions in a graphing calculator.

304) ANS: 2

Flotl Flotz Flokz b Y YE
i |
WAELECL, G290 |-
~WMeE1EC] . 986 z za4y | ZBlyyz
W= x FBE.226 | FE.ZEE
- Y jEE EE | 18557
wMy= E 0|8z | 308.95
~Me= b B1z.5 Biz. 58
~NE=
PTS: 2 NAT: ASSE.B.3c TOP: Exponential Equations
Strategy #1: Isolate the exponent n in each answer choice so that the structure of each function is

identical, then eliminate any answer choice that is not equivalent to the original function..

him) = 6(2)"™
Bim) = a(2h"
Bir) = 6(16)"

gln) = 12(2)"
gl = 12(24)"
gim) = 12(16)"

P = 120"
P = 12044
Pl =12(167"

ki) = 681
ki) = 6(85)"
kim) = 606477

Eliminate this choice. | Choose this, because

HEER D

Eliminate this choice.

Eliminate this choice.

Strategy #2:

Input the original function and all four answer choices in a graphing calculator. Choose the

answer choice that produces the same function outputs (y-values) as the original function.

PTS: 2 NAT: A.SSE.B.3

305) ANS: 2

Strategy #1: Use properties of exponents.

TOP: Modeling Exponential Functions

V= 15,000(0.81)" = 15,000((0.93%)" = 15,000{0.9)%

Strategy #2: Use graphing calculator.

HORMAL FLOAT AUTO REAL RADIAN HP []

Plotli Plot2 Plot3

\Y1B815000(0.81)%
E\Y2815000(0.9)*
E\Y:B15000(0.9)%"
E\Y4B15000(0.9)"®

E\Y5B15000(0, 9)%3
\Ye=H
ENY 7=

Yz

RADIAN MP
Y3

n

Y 4

15000
12158
9841.5
7971.6
BY57

£230.2
H23e.4
3431.5
2779.5
22514
) 1823.6

t8l11.
2251,
8vz.2
337.9
1309
£o.r2
19.65
7.612
2.949
i1.142

WD 00 = 00V LD W) R e

15000

15000
3| 1z15e
H]9841.5
E| 79716
3 | 6457

2| E230.2
1] 42364
34315
9| 27795
H | 22514
711823.6

15009
14825
14653
14482
14314
1y1y7?
12983
13820
13659
13500
13343

X=0

= 15,000(0.3)* produces the same table of values as the original function ¥ = 15,000{0.813°.



PTS: 2 NAT: ASSE.B.3  TOP: Modeling Exponential Functions
306) ANS: 4

a?ﬁa?é - a?ﬂ+?¢

(1013 (Lon* = (Lo13™

Therefore:
5000(1.013"% = s000(1.013) ' (Lo1 ™

PTS: 2 NAT: ASSE.B.3  TOP: Modeling Exponential Functions
307) ANS: 3
Step1. Use 4=F{1+71" to set up exponential growth equations to represent both viruses.
Ebola Virus: Z(# = 1{1 + 0,11}
SARS Virus: 5(#) = 3001 + 0.04)°

Step 2. Find += 10 and #= 53 for both equations, then choose the correct answer.

I D I 0 OA A 0 D F I
PR OR &Tb PR OR &Th
Plotl Plotz Plots b Y1 Y2 2 Y1 Y2
% ) Z.8394 | 49407 25247 | 229.82
ENY1E1(1+8.11) 11 3.1518 | 46.18Y4 Y 280.18 | 249.41
® 12 3.4985 | 48.031 55 311 259.39
INY2B30(1+0.04) 13 2.8833 | 49.952 5p 34521 | 269.77
INY:=H 1y 4.3104 | 5195 57 383.19 | 280.56
E\Y4= 15 4.7846 | 54.028 53 425.34 | 291.78
= 16 5.3109 | 56.189 5g 472.12 | 30345
ENYs5= 17 £.8951 | 58.437 60 524.06 | 315.59
\Ye= 18 6.5436 | 60.774 61 581.7 | 328.21
- 19 7.2633 | 63.205 62 B45.69 | 3134
INY?= 20 8.0623 | 65.734 63 716.72 | 354.99
ENYg=
X=10 X=53

At day 10, there are more SARS cases than Ebola cases.
B0 =101.110" = 3

50100 = 3001.040 ™ & 44
At day 53, there are more Ebola cases than SARS cases.

E(53) = 1{1.113" = 252
5(53) = 30(1.04)™ = 239

PTS: 2 NAT: F.LEA.2 TOP: Modeling Exponential Functions

308) ANS:
After 2 years, the balance in the account is $619.35.

Strategy: Write an exponential growth equation to model the problem. Then solve the equation for two
years.

STEP 1: Exponential growth is modeled by the formula 4{¢) = {1+ 71, where:
A represents the amount after t cycles of growth,
P represents the starting amount, which is $600.
r represents the rate of growth, which is 1.6% or .016 as a decimal, and
t represents the number of cycles of growth, which are measured in years with annual
compounding.

The equation is:  A(#) = 600(1 +.016)°

STEP 2: Solve for two years growth.
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A(#) = 600(1 +.016)"

A(Z) = 600(1 +.016)°

A(Z) = 600(1.016)°

A(2) = 600(1.032256)

Al2) = 613.35
DIMS: Does It Make Sense? Yes. Each year, the interest on each $100 is $1.60, so the first year, there
will be 6 x $1.60 = $9.60 interest. The second year interest will be another $9.60 for the original $600

plus 1.6% on the $9.60. The total interest after two years will be $3.60+ $9.60 + 016{$%.60) =~ $19.35,
Add this interest to the original $600 and the amount in the account will be $619.35.

PTS: 2 NAT: A.CED.A.1 TOP: Modeling Exponential Equations
NOT: NYSED classifies this problem as A.CED.A.1
ANS:

B =3000(1.042)°

Strategy: Use the formula for exponential growth to model the problem.

The formula for exponential growth is y = a1+ 71"

The formula for exponential decay is y = a(1 - 7).
y = final amount after measuring growth/decay
a = initial amount before measuring growth/decay
r = growth/decay rate (usually a percent)
t = number of time intervals that have passed

The problem states that B should be used to represent the final amount after growth.

The problem states that $3,000 is the_initial amount.

The problem states that the growth factor is 4.2%, which is added to 1 and written as 1.042

The problem states that interest is compounded annually, so the number of time intervals is t years.

The final equation is written as B = 3000(1.042)°

PTS: 2 NAT: F.BF.A.l1 TOP: Modeling Exponential Equations
ANS: 1
Strategy 1: Use the formula for exponential growth to model the problem.

The formula for exponential growth is y = a(1+ 7).

The formula for exponential decay is y = a(1 - #)".
y = final amount after measuring growth/decay
a = initial amount before measuring growth/decay
r = growth/decay rate (usually a percent)
t = number of time intervals that have passed

The problem asks for the right side expression for exponential growth.

The problem states that $3,000 is the_initial amount.

The problem states that the growth factor is 2%, which is written as .02 and added to 1.

The problem states that interest is compounded annually from age 2 through age 18, so the number of time
intervals is 16 years.
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The final expression for the right side of the exponential growth equation is written as 3000(1 + 0.0} =5

Strategy 2. Build a model and eliminate wrong answers.
Model the words using a table of values to see the pattern.

Krystal’s # Times Amount
Age Compounding
2 0 3000
3 1 3060
4 2 3121.2
5 3 3183.624
18 16 ?

It is clear from the table that the number of times interest compounds is 2 less than Krystal’s age.
Eliminate answer choices ¢ and d, because both show exponents of 18, which is Krystal’s age, not the
number of times the interest will compound.

The choices now are aand b. The table shows that the amounts are increasing, which is exponential
growth, not exponential decay. Eliminate choice b because it shows exponential decay.

Check by putting choice a in a graphing calculator using x as the exponent.
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Answer choice a creates the same table of values, and the amount of money on Krystal’s 18th birthday will
be 3000¢1+ 0.02)™ dollars.

PTS: 2 NAT: F.BF.A.l1 TOP: Modeling Exponential Equations
ANS: 3
Strategy: Use the formula for exponential growth: 4 = P{1+ 7", where

A represents the amount after growth, which in this problem will be #¢).

P represents the initial amount, which in this problem will be 9.05 x 10°,

r represents the rate of growth expressed as a decimal, which in this problem will be 0.031 per

ear.
Y t represents the number of growth cycles, which in this problem will be 7
Use the exponential growth formula and substitution to write:
A=Pll+7}

A1 = [a.nﬂ % mf'][l + 0031y
Answer choice c is correct.

PTS: 2 NAT: F.LE.A.2 TOP: Modeling Exponential Functions

ANS: 2

Step 1. Understand from the problem that only one of the answer choices will be different from the
others, and one that is different will be the correct answer.

Step 2. Strategy: Use a graphing calculator to find the values of each expression.



Step 3. Execute the strategy.

a) S00(1.04)° = 562.432

b) S00(1-.04)° = 4423638

c) SO0(1+.04)(1+.04)(1+.04) = 562.432

d) 500+ 500{.04) + 520043 + 540.8(.04) = 562.432

Answer choice b) is the correct answer, because produces a different value.
Step 4. Does it make sense? Yes. You can model an investment problem with compounding interest

using the formula 4 = A{1 + r}’, where A is the amount, P is the initial amount invested, r is the interest

rate expressed as a decimal, and t is the numer of compounding periods. Using this formula, the problem
can be modelled as follows:

A=PFl+r)
A =500(1 +.047°
A =500(1.04)°
A =562.432

PTS: 2 NAT: F.BF.A.l TOP: Modeling Exponential Functions
313) ANS: 2

Use the formula 4 = P{1+#)*, where A representes the amount in the accout, P represents the amount
invested, r represents the rate, and t represents time.

Anne invested $1000: = 1000

1.3% annual interest rate: »=.013

2years. t=12
Write: A = 1000(1 +.013)*

Then, eliminate wrong answers.
a  A=1000(1-0.013* The minus sign is wrong.
b A4=1000{1+0.0133* Thisis correct.
¢  A=1000(1-1.9* The minus sign is wrong and the annual interest rate is wrong.
d

A=1000{1+1.3* The annual interest rate is wrong.

PTS: 2 NAT: F.BF.A.1 TOP: Modeling Exponential Functions
KEY: Al

314) ANS:
y=0.25(2".
Strategy: Input the four integral values from the graph into a graphing calculator and use exponental
regression to find the equation.

L1 Lz L3 :EDIT WTEET? ExFFizd]
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Alternative Strategy: Use the standard form of an exponential equation, which is y = a&".
Substitute the integral pairs of (2,1) and (3,2) from the graph into the standard form of an exponential

equation and obtain the following: 1=a&* and 2 = a&®.



Therefore, Zab® = ab*

ab’
it

ab?
2=h

Accordingly, the equation for the graph can now be written as y = & - 2*.
Substitute the integral pair (4,4) from the graph into the new equation and solve for a, as follows:

y=a 2"
4=g 2*
=g 16

4

ﬁ=ﬂ'

—_

=

Fu | —

The graph of the equation can now be written as y = & ("

PTS. 2 NAT: F.LEA.2 TOP: Modeling Exponential Equations
315) ANS: 1
Strategy #1: Check each answer using a graphing calculator.

NORHAL FLOAT AUTO REAL RADIAN MP NORMAL FLOAT AUTO REAL RADIAN MP
PRESS + FOR aTh1
Plotl Plot2 Plot3 Y1
............................ Hn...................... e 150
EINY1B150(0. 85) i 12?7.5
2 108.38
..................................................... 3 92.119
= y 78.301
I\Yz_ 5 66.556
E\Y3= 6 56.572
ENY 4= 7 48.087
E\Ys= 8 40.87Y
5= ] 34743
NYe= 19 29.531
ENY 7=
- A e — x=0

Strategy #2: Use exponential regression to model the data in the table.
y = 149.55(0.8499)"

PTS: 2 NAT: F.BF.Al
316) ANS: 3
All of the answer choices involve exponential equations and are in the form of

A=r1A
where A represents the current value, P represents the starting amount, r represents the rate of growth or
decay, and t represents the number of times that growth occurs.

This answer choices involve two equations, ¥7x) = 4{0.65)"and F(x) = 4(1.35)" combined with the words
growth and decay. The table shows that the value of V(x) is growing.



317)

318)

Therefore, any answer choices showing exponential decay must be eliminated and any answer choices
where the value of {1+ 7) <1 must be eliminated. This leaves only ¥ix) = 4{1.35"and it grows as the
only correct answer.

This can be checked by inputting #7x) = 4{1.35)" into a graphing calculator and inspecting the resulting
table to see it it matches the table given in the problem

NORMAL FLOAT AUTO REAL RADIAN MP RMAL FLOAT AUTO REAL RADIAN MP f
PRESS + FOR aTb1
Plotl Plot2 Plot3 x in
E\Y1B4(1.35)" t sy
ENY 2= 3 9.8415
N ==
ENY 4= )
6 24.214
N ks
6= )
N Ll
ENYs=
=0
PTS: 2 NAT: F.LEA.2 TOP: Modeling Exponential Functions
KEY: Al
ANS:

0.5 represents the rate of decay and 300 represents the initial amount of the compound.

Strategy: Use information from the problem together with the standard formula for exponential decay,
which is 4 = {1 - r}’, where A represents the amount remaining, P represents the initial amount, r
represents the rate of decay, and t represents the number of cycles of decay.

A=P1-7°

P =30000.5°
The structures of the equations show that 2= 300 and {1-7) = 0.5
Accordingly, 300 represents the initial amount of chemical substance in milligrams and 0.5 represents the
rate of decay each year.

PTS: 2 NAT: F.LE.B.5 TOP: Modeling Exponential Equations

ANS: 3
Strategy 1: The y-intercept of a function occurs when the value of x is 0. The strategy is to evaluate the

function y = 5000{0.93Y" for x =0
ARGECE. 95"

2BEE

This represents the amount of money in the account before exponential decay begins.

Strategy 2. Input the equation in a graphing calculator and view the table of values.



319)

320)
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The table of values clearly shows the initial value of the account and its exponential decay.
PTS: 2 NAT: F.IF.C.8 TOP: Modeling Exponential Equations
ANS: 2

Strategy: ldentify each of the parts of the function ¥7#1 = 1350{1.017)", then answer the question.

¥i) represents the current value of the comic book in dollars.

1350 represents the original value of the comic book when it was purchased.

(1.017) represents the growth factor, which consists of (1+r), where r is the rate of growth per year. The
value of r is 0.017, which is found by subtracting 1 from (1.017).

t represents the number of years since its purchase.

The problem wants to know the value of r, which is 0.017. However, all of the answer choices are
expressed as percents rather than decimals. A decimal may be converted to a percent as follows:

07 a%
I~ 100%
017100 = x%
L.7% = 2%
017 17%
I~ 100%

The yearly appreciation rate of the comic book is 1.7% and the correct answer is b.

DIMS? Does It Make Sense? The appreciation rate seems to make sense, but it is difficult to understand
why someone would originally pay $1,350 for a comic book.

PTS: 2 NAT: ASSE.A1  TOP: Modeling Exponential Equations

ANS:
The percent of change each year is 5%.

Strategy: Use information from the problem together with the standard formula for exponential decay,
which is 4 = P{1- 71", where A represents the amount remaining, P represents the initial amount, r
represents the rate of decay, and t represents the number of cycles of decay.

A=F1-7°

y = 5100{0.95)
The structures of the equations show that {1 -#) = 0.95,

Solving for r shows that » = 0.05, or 5%.



(1-7)=0.95

-r=095-1
—-r=-0.05
r=10.05
PTS: 2 NAT: F.LE.B.5 TOP: Modeling Exponential Functions

321) ANS: 4
Strategy: Use the formula for exponential growth or decay, which is 4 = 2{1+ 7", where
A represents the amount after t growth or decay cycles.
P represents the starting amount.
r represents the rate of growth expressed as a decimal, and
t represents the number of growth or decay cycles.

In the equation A4 = 1300(1.02), the number 1.02 corresponds to {1+ 73, so write

l2=1%r
102-1=r
Ni=r
o=r
1.02 means that the growth rate is 2%.
PTS. 2 NAT: ASSE.A.1  TOP: Modeling Exponential Functions

322) ANS: 2

The function v(x3 = 30,00000.783" is of the form 4 = P{1+#)°, which represents exponential growth or
decay. The term in parenthesis (0.78) is equal to (1+r), so we can write and solve the following equation:

D78=1+%8
07E-1=r
-0.2i=r
=2 =r
PTS: 2 NAT: F.LE.B.5
323) ANS: 3

Strategy: Input the function in a graphing calculator and study the graph and table views, then eliminate
wrong answers.

NORMAL FLOAT AUTO REAL RADIAN HMP
HORMAL FLOAT AUTO REAL RADIAN HMP PRESS + FOR &Tb1 1
Plotl Plotz Plot3 - X 12\;1
I\Y18120(.92)%? 2 108
INY2=1 y 87.48
PN : |ne
B\Yq= ? 63.773
N e
\Y&= .
10 46.49
ENY?= 41.841
ENYs=
x=11
a) The number of miles he runs will irerease by 90% each week.
b) The number of miles he runs will be 28% of the previous week.
c) 2w represents the total mileage run in a given week.

&) w represents the number of weeks left-untit-his-marathon.



324)

PTS: 2 NAT: F.LE.B.5 TOP: Modeling Exponential Functions
ANS:
The percent that the value of the car decreases each year is 15%.

Strategy: Note that v(#) = P{.&5)" is of the exponential growth/decay form 4 = {1+ #)", and that the
value (.85) in parentheses corresponds to the expression {1 + 7). Since the value of the car decreases, this
is exponential decay. The relationship between the corresponding expressions can be written as

(&S =(1-r).

Solve for r as follows:

(851 =(1-r)

Bs5=1-r
B5-1=-r
- li=-r
As=r

PTS: 2 NAT: F.LE.B.5 TOP: Modeling Exponential Functions



