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Exponential Functions

The graph of an exponential function, such as y = ¢*, is increasing for exponential
¢ > 1, decreasing for 0 < ¢ < 1, and neither increasing nor decreasing function
for ¢ = 1. From the graph, you can determine characteristics such as « 3 functlon of the form
domain and range, any intercepts, and any asymptotes. y=c,whereclsa
constant (¢ = 0) and
VA ¥ Is avarlable
y=rc
O<ecs
Why Is the definltlon of an
ex ponentlal functlon restricted
0, 1) to positive values of ¢
< h“-= g
- o X
4 Y
Increasing Decreasing

Did You Know?

Any letter can be used to represent the base In an exponentlal function,
Some other commaon forms are ¥ = g and v = B~ In this chapter, you will
use the letter c. This Is to avold any confuslon with the transformation
parameters, a b h, and k that you will apply In Sectlon 7.2.
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Key Ideas

® An exponential function of the form
v=c%cx=0,

= is increasing for ¢ > 1 (b‘\i s 3"-'&'(‘ ‘
= is decreasing for0 < c < 1 (B(\\\ﬁu\ O

= is neither increasing nor decreasing

fre=1 (Base <quals )

= has a domain of {x | x € R} ¢ (.00 D
= hasarangeof [y |y > 0, y E R} ¢ (c,) o
]

= has a y-intercept of 1 ( 0 !3

= has no x-intercept

= has a horizontal asymptote at y = 0

L) S:K
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Example 1
Analyse the Graph of an Exponential Function

Graph each exponential function. Then identify the following:

* the domain and range

* the x-intercept and y-intercept, if they exist

* whether the graph represents an increasing or a decreasing function
* the equation of the horizontal asymptote

a) y=4* =4 (,‘_Er\craas

b) flx) = (.?.)C" (DQC(@S‘“fb
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Solution

a) Method 1: Use Paper and Pencil
Use a table of values to graph the function.
Select integral values of x that make it easy to calculate the

cﬂrrespg(nding values of y for y = 4%, c=Y ( Yceeos r\jj
3: L‘ Vi

S DX o)
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b) Method 1: Use Paper and Pencil
Use a table of values to graph the function.
Select integral values of x that make it easy to calculate the

corresponding values of y for flx) = (%) . C= Jé (WC(QQS}VS)

y= (&Y x
2T D N Xk o (o) o 19 =(3]
:-::‘ : K. i:)\ 3>0,\)U\} « (0,0 (-3,8)

0 1 X |‘\*.. Von
; =gk o
T §=0 Y=
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Example 2
Write the Exponential Function Given Its Graph
What function of the form y = ¢* can be used to describe the graph shown?

Decreasing O£\

O%rksais\% an O o |

Solution

Look for a pattern in the ordered pairs from the graph.

X y As X mcfesxs \03\

TN b g b by e
0 1\>‘q o{_“:? C:I‘L

el
RO A

5 \,J\C*‘ o>
Choose a point other thag (0, 1)o substitute into Why should you not
. * : .. the polnt (0, 1
the function y = (%) to verify that the function is ;J;frerliyp:hat 1t:he )
correct. Try the point (=2, 16). X=-9 3: \6 function Is correct?
Check:

Left Side Right Side
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Example 3
Application of an Exponential Function

A radioactive sample of radium (Ra-225) = m
has a half-life of 15 days. The mass, m, = 1
in grams, of Ra-225 remaining over time, :E
t, in 15-day intervals, can be modelled E 08
using the exponential graph shown. = o6
a) What is the initial mass of Ra-225 N
in the sample? What value does the & 04
mass of Ra-225 remaining approach E a2
as time passes? :-E
b) W!lﬂt are Fhe domain and range of o T T A T 616 }
this function? Time (15-day intervals)

¢) Write the exponential decay model
that relates the mase of Ra-225
remaining to time, in 15-day intervals.

d) Estimate how many days it would take for Ra-225 to decay to S_]b of its
original mass.

Q) Trthia) Arownt = | g
‘\% ’\\W '\>assvs ‘H\m m&wm OW(OGC\\QS o NoSs SDOD

® D, M IxZ0xR] o [0,00)

Blglome by o (o)1

) m= (Iﬁ\thc\\ %ﬁ)(ﬁ&\){w thleh =1

- (\XLSJ\% M- 1 (W 16)
) )
t

A\ LI §<\>§ \ s (D-wf()e_\)é“\ s19¢s &2\5
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Homework

#1-8 on page 343
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7.1 Characteristics of Exponential Functions,
pages 342 to 345

1. @) Mo, the variable is not the exponent.
b) Yes, the base is greater than 0 and the variable is
the exponent.
€) Mo, the variable is not the exponent.
d) Yes, the base is greater than 0 and the variable is
the exponent.

2.2) flx)=4* b) glx) = (%]
€) x =0, which is the y-intercept
3.a B b C 0 A
4.3) flx)= 3 b) flx) = (%]
5. a) 7 domain {x | x € R}, 0 [ ¥k domain {x | x € R},
i range [y | v > 0, v € R, range {y | vy > 0, v € R},
aix) =6" | | y-intercept 1, function _‘% y-intercept 1, function
1 1/ increasing, horizontal i Fni = ['_T_F decreasing, horizontal
c asymptote y =0 = THY asymptote y = 0
. - P .
Sl gz ok | % Cloy | 2 | 4 [%
b) IZ9E! domain {x | x € R}, d) 7 domain {x | x € R},
| ]| rangety|¥> 0,y Rl | Dk £[B)] rangely|y>0.y€R),
1 | | »intercept 1, function N T y-intercept 1, function
S increasing, horizontal — decreasing, horizontal
hik =327 - asymptote y =0 * T 0 T | x| asymptote y=0
- - w
* | (o¥ | X
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6. a)

c)
d)
7. a)

b)

8. a)

b)

€

d)

¢ = 1; number of bacteria increases over time
0 < < 1; amount of actinium-225 decreases

over time

0 < ¢« 1; amount of light decreases with depth

¢ = 1; number of insects increases over time
Ty r The function
'% / N=2is
o = TN 2 exponential since
b 7 the base is greater
pelre 8 than zero and the
'EE variable f is an
‘E h exponent.
=
0 2 | 4 | B ?
Time (days)
i) 1 person iiy 2 people
iiiy 16 people iv) 1024 people

If the population increases by 10% each year, the
population becomes 110% of the previous year's
population. So, the growth rate is 110% or 1.1

written as a dec

imal.

= %

2 P

-
—

|
11 |
| et

2 T
L

—

Fish Population
(in hundreds)

1] 2

4

5 Y

Time (vears)

domain {t | = 0, € R} and range {P| P= 100, P R}
The base of the exponent would become
100% — 5% or 95%, written as 0.95 in

decimal form.

Fa

P(t) = 095!

—

|

fas)

| =y
T

Fiish Population
(in| hundreds)

1]

4 [

r
Tim

e (years)

T
~y

domain {t| t = 0, € R} and
range {P| 0 < P =100, P € R}
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