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Exponential function: f(x) = ab™
e gis a constant

* bis the base. The base is a constant.
If 0 < b < 1, the function shows decay.
If b> 1, the function shows growth.

* X is an exponent.

Exponential Functions, Growth, and Decay

The base of an exponential function indicates whether the function shows growth or decay.

fix) =1.2"
a=1
b=12

exponential

b > 1, so the function shows

growth.

A

g(x) =10(0.6%)
a=10
b=20.6

0 < b < 1, so the function shows

exponential decay.

Tell whether each function shows growth or decay. Then graph.

1. h(x) = 0.8(1.6
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2. p(x) = 12(0.7%)
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Reteach
[ Exponential Functions, Growth, and Decay (continued)

When an initial amount, a, increases or decreases by a constant rate, r, over a number of time
periods, t, this formula shows the final amount, A(t).

A = a(1 + r)tg Time, 1, is measured in years.

A(D), the final

amount, is a function :
of time, t. The rate, r, usually is a percent.

ais the initial amount.

An initial amount of $15,000 increases by 12% per year. In how many years will the amount
reach $25,0007?

Step 1 Identify values for aand r.

Remember:
a = $15,000 r=12% = 0.12 On the graph, x
corresponds to fand y

Step 2 Substitute values for a and rinto the formula.
corresponds to f(1).

f(t) =a(1 + '
f(t) = 15,0001 + 0.12)°
f(t) = 15,000(1.12)° Simplify.

Step 3 Graph the function using a graphing calculator. T r—
Modify the scales: [0, 10] and [0, 30,000]. e
Step 4 Use the graph and the [TRACE] feature =
on the calculator to find f(#) = 25,000.

WY, welOREl VESWREE ER)D

Step 5 Use the graph to approximate the value of t
when f(t) = 25,000.

t = 4.5 when f(t) = 25,000

The amount will reach $25,000 in about 4.5 years.

Write an exponential function and graph the function to solve.

3. An initial amount of $40,000 increases by 8% per year. In how many years
will the amount reach $60,000?

so,ooo{
a. a-= 70,000
b. r= 60,000
50,000
c. f(H =
40,000
d. Approximate t when f(t) = 60,000 30,000
t~ 20,000
10,000
> X
0 1 2 3 4 5 6 7 8 9 10
gﬁ;%rri]gt;gtrgsgyveHgIt, Rinehart and Winston. 7 Holt Algenra 2



Practice A

Practice B

Complete each statement.

Exponential Functions, Growth, and Decay

RER
YGW Exponential Functions, Growth, and Decay

Tell whether the function shows growth or decay. Then graph.

1. A function of the form f(x) = ab* is called an exponential Growth 1. gl = —@)* 2. h(x) = —0.5(0.2)"
function when b is greater than 1.
2. A function of the form f(x) = ab* is called an exponential Decay Growth Decay
function when b is a number between 0 and 1. 10 0/
Tell whether the function shows growth or decay. Then graph. , 3 =~ X T ] X
3. f(x) =3(2.5)" 0
a. Find the value of the base. 2.5 /
b. Does the function show growth or decay? Growth \ /
c. Make a table of values for the function. \ ’
X -2 -1 0 1 2 3 l
/ 50 50
f(x) | 0.48 | 1.2 3 7.5 |18.75]46.875| ~——= X . . .
3. j(x) = —2(0.5) 4. p(x) =4(1.4)
d. Graph the function. 10
4. gx) = 2(0.2)% 5. j(x) = —(1.5)" Decay Growth
Decay Growth 0! 507
SUy on
-5 -4 -3 -2 L8 7 5%
0 -10-8 -6 -4 -2 o 4 6 8 \UX
30 10
20 20 /
30 —
= ""// X
x 0 [ S s
5§-4-3-2-10[ 1 2 3 4 s /
1o s 50 10
Solve. Solve.
6. Some real estate agents estimate that the value of a y 5. A certain car depreciates about 15% each year. 30000,
house could increase about 4% each year. § X -
. X X 140,000 S ead a. Write a function to model the depreciation 25,000
a. Write a function to model the growth in value for a 120000 " in value for a car valued at $20,000. :
house valued at $100,000. ’ —
x 100,000 [ y = 20,000(0.85)* 20000
y = 100,000(1.04) 15,000
80.000 b. Graph the function. ’
b. Graph the function. 60,000
) ) i ’ c. Suppose the car was worth $20,000 in 2005. 10,000
¢. A house is valued at $100,000 in 2005. Predict 40,000 What is the first year that the value of this car \\\
the year its value will be at least $130,000. 20000 will be worth less than half of that value? 5000 e
2012 0 1.2 3 4 5 6 7 8 9 10 2[]1[] o 1 2 3 4 5 6 7 8 9 10
S S, Finehart and Winston 3 Holt Algebra 2 [ geprign &y for. Finehat and Wincton 4 Holt Algebra 2

Practice C

Tell whether the function shows growth or decay. Then graph.
1. j(x) = =3(0.04) 2. k(x) =5(1.4)

Exponential Functions, Growth, and Decay

3. p(x) = 0.25(6)*

[ LESSON | Reteach

YGM Exponential Functions, Growth, and Decay

The base of an exponential function indicates whether the function shows growth or decay.
Exponential function: f(x) = ab™

Decay Growth Growth * aisaconstant
Y Y Y ¢ bis the base. The base is a constant.
K 5 5 If 0 < b < 1, the function shows decay.
5 X If b > 1, the function shows growth.
By puryr s
! * xis an exponent.
l , fx) =1.2% g(x) = 10(0.6%)
I a=1 a=10
| T b=12 b=06
= x x
L: 5 ° s 5 ° s b > 1, so the function shows 0 < b < 1, so the function shows
10 10 exponential growth. exponential decay.
H H 18"/ y/ Y
Tell the is an exp tial f
Write yes or no. l
4. f(x) = -2x"—9 5. gx) = —0.2(5)* 6. h(x) = 10(2.2) /A i
No Yes Yes \
Solve.
7. Colleen’s station wagon is depreciating at a rate of ,_——/D/ x . S~
9% per year. She paid $24,500 for it in 2002. What ° ', e © ', 0124
will the car be worth in 2008 to the nearest hundred dollars? $1 3,900
8. Kyle estimates that his business is growing at a rate Tell whether each function shows growth or decay. Then graph.
of 5% per year. His profits in 2005 were $67,000. M .
Estimate his profits for 2010 to the nearest hundred dollars. $85,500 1. h(x) = 0.8(1.6%) 2. p(x) = 12(0.7%)
9. A parcel of land Jason bought in 2000 for a= 0.8 b= 1.6 a= 12 b= 0.7
$100,000 is appreciating in value at a rate of y
about 4% each year. 25000 o h(x) shows exponential growth. p(x) shows exponential decay.
a. Write a function to model the appreciation T::z:s 18 ey
of the value of the land. 150000 f §
§ A
y = 100,000(1.04)* |
100,000
b. Graph the function. 75,000 / \
c. In what year will the land double its value? 0000 /
25,000
2018 0 2 4 5 8 1012 14 16 1820 *
—1 X \\ X
-6 -4 -2 O 10 12 14 -6 -4 -2 O 10 12 14
2 -2
Sopyignt © by Hok, Rinetart and Winston. 5 Holt Algebra 2 Coprigh ©1y Hot. Rinehartand Wiston. 6 Holt Algebra 2
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o] Challenge

YW Exponential Functions, Growth, and Decay (continued)

When an initial amount, a, increases or decreases by a constant rate, r, over a number of time

periods, t, this formula shows the final amount, A(t).
% Time, t, is measured in years.‘

t

Aty =al +rn

A(t), the final
amount, is a function
of time, t.

The rate, r, usually is a percent.

ais the initial amount.

An initial amount of $15,000 increases by 12% per year. In how many years will the amount
reach $25,000?

Step 1 Identify values for aand r.
Remember:
a = $15,000 r=12% = 0.12 On the graph, x
Step 2 Substitute values for a and rinto the formula. corresponds to tand y
corresponds to f(t).
f(th = a1t +n'

f(t) = 15,000(1 + 0.12)"
f(t) = 15,000(1.12)"  Simplify.

Graph the function using a graphing calculator.
Modify the scales: [0, 10] and [0, 30,000].

Use the graph and the [TRACE] feature
on the calculator to find f(t) = 25,000.

Step 3
Step 4

Step 5 Use the graph to approximate the value of t

when f(t) = 25,000.
t = 4.5 when f(t) = 25,000

The amount will reach $25,000 in about 4.5 years.

Write an exponential function and graph the function to solve.

3. An initial amount of $40,000 increases by 8% per year. In how many years
will the amount reach $60,000?

a a_ 40,000
b r—__ 0.08
e fo — (D = 40,000(1.08)"

d. Approximate t when f(t) = 60,000
¢ 5.25 yr

80,000 s
70000
w000
50000
0000
w0000

20,000

10000

x
0 12 3 456 7 8 910
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Yl The Vizier and His Wheat
According to legend, Sissa Ben Dabhir, the Vizier of the court of King
Shirham of India, worked diligently and invented a new game that was
called Chess. The King decided to grant Sissa the reward of his choosing.
Sissa pondered carefully and requested the following from the King.

One grain of wheat on the first square of the chessboard,
two grains of wheat on the second square, four grains on
the third square, eight on the fourth square, and so on.

The King thought this was a very modest request and
said that he would grant the Vizier's request.

At right is a chessboard with 64 squares.

1. Make a table showing the Grains of Wheat on | Total Grains of
number of grains of wheat Square n
on the first ten squares and Square n Wheat on Board
the total grains of wheat on j
squares 1 through n, for J
n=1,23,..,10. 3 4 7
4 8 5
5 6 1
6 2 63
7 64 21
2 259
9 25 11
10 12 1023
2. Using the information from the table, look for a
pattern and write an expression for the number of n—1
grains of wheat that would be placed on square n. 2
63 _
3. How many grains of wheat would be placed on 2 _8 9’223’%7028’036’
the last square? L
4. Look for a pattern and write a formula for the total
number of grains of wheat on the board after wheat 27 -1
has been placed on square n. —_—
5. What is the total number of grains of wheat that 2% —1= 18,446,
Sissa received? 744,073,709,551,615
6. One grain of wheat weighs approximately 0.000008 kilogram. 147’57.3’952’589’676
Find the total weight of wheat the Vizier requested. kllograms
7. In 2000 the world’s wheat production was approximately
580 million metric tons. At this rate how many years would it
take to fill Sissa’s request? One metric ton is 1000 kilograms. 254.4 years

Copyright © by Holt, Rinehart and Winston.
Al ights reserved.
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Problem Solving
YQW Exponential Functions, Growth, and Decay

Justin drove his pickup truck about 22,000 miles in 2004. He read that
in 1988 the gt i ial vehicle about 10,200 miles,
which increased by about 2.9% per year through 1994.

1. Write a function for the average mileage, m(t), as
a function of £, the time in years since 1988.

m(t) = 10,2001 + 0.029)*

2. Assume that the 2.9% increase is valid through 2008 and use your function
to complete the table to show the average annual miles driven.
Year 1988 1992 1996 2000 2004 2008
t 0 4 8 12 16 20
m® 10,200 (11,436 | 12,821 | 14,374 [ 16,116 | 18,068
3. Did Justin drive more or fewer miles than the average residential vehicle
driver in 2004? by how much (to the nearest 100 miles)?
He drove more miles; ahout 5,900 miles more.
4

. Later Justin read that the annual mileage for light trucks increased by 7.8%
per year from 1988 to 1994.

a. Write a function for the average miles driven for
a light truck, n(t), as a function of ¢, the time in
years since 1988. He assumes that the average

number of miles driven in 1988 was 10,200.

n(H =10,200(1 + 0.078)°

10000,

o

. Graph the function. Then use your graph to
estimate the average number of miles driven
(to the nearest 1000) for a light truck
in 2004.

About 34,000 miles

. Did Justin drive more or fewer miles than the
average light truck driver in 2004? by how
much?

He drove fewer miles than the average
light truck driver by about 12,000 miles.

Justin bought his truck new for $32,000. Its value decreases 9.0%
each year. Choose the letter for the best answer.

15000

10000

25000

20000

o

15000
10000

5000

x
072 4 6 8 1012 14 16 18 20

5. Which function represents the yearly
value of Justin’s truck?

6. When will the value of Justin’s truck fall
below half of what he paid for it?

A f(x) = 32,0001 +0.9)" A In 6 years
B f(x) = 32,000(1 — 0.9)" In 8 years
C f(x) = 32,000(1 + 0.09)" C In 10 years
@f(x) =32,000(1 — 0.09)" D In 12 years

‘Copyright © by Holt, Rinehart and Winston
Al ights reserved.
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Reading Strategy
Drawing Conclusions

7-1
In an exponential function, the variable appears as an exponent: f(x) = ab*,
where a is a constant and b is the base. Depending on the value of b, the

function either increases (grows) or decreases (decays). You can draw
conclusions about the function and its graph based on the value of b.

Exponential Growth Exponential Decay
An exponential function shows growth An exponential function shows decay
ifa>0and b>1. ifa>0and0<b<1.
8 oY
f \
/ \
/ \
—
543210 5" e TR 5"
2 -2
1. Complete the table.
x -2 1 0 1 2 3
to=3 | & |1 1 3 9 | 27
3
fo) =04 | .25 | 2.5 1 0.4 | 0.16 |0.064

Use the function f(x) = 3* for Exercises 2 and 3.
2. Does the function f(x) = 3* show exponential growth or decay? Explain.
Growth; because base, b, is greater than 1

3. Is f(4) greater than or less than f(3)? Explain how you can draw this conclusion.

f(4) is greater than f(3) because the function increases as x increases.

Use the function f(x) = 0.4 for Exercises 4 and 5.
4. Does the function f(x) = 0.4* show exponential growth or decay? Explain.
Decay; because base, b, is between 0 and 1

5. Is f(—3) greater than or less than f(—2)? Explain how you can draw this conclusion.

f(—3) is greater than f(—2) because the function increases
as x decreases.

Copyright © by Holt, Rinehart and Winston.
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