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4.6 Modeling with Exponential
and Logarithmic Functions

Exponential functions - population growth,
radioactive decay, heat diffusion, and others

Logarithmic functions - loudness of sounds,
intensity of earthquakes, and other phenomena

Population

Biologists have observed that the population of a species doubles its
size in a fixed period of time. For example, under ideal conditions a
certain population of bacteria doubles in size every 3 hours. If the
culture started with 1000 bacteria, then after 3 hours there will be

2000 bacteria, after another 3 hours there will be 4000 bacteria, and so
on. If we let n = n(t) be the number of bacteria after t hours, then

n0) = 00O
n(3) = 22000
n6) = 4000
n®) = 8000

From this pattern it appears that the number of bacteria after t hours
is modeled by the functlon

- \000(2)



4.6 Modeling with Exponential and Logarithmic Functions (work).notebook January 25, 2024

Example 1. A specific type of animal was introduced in a rural
region 26 years ago. Biologists observe that the population

quadruplesevery 8 years, and now the population is 11,425.
baSC—‘—[' 3 Y\(Z.G)

a) What was the initig] population?
I\ H2S= q (;P?%

P

%%
Y t/.(}&/
a= |26 animals
b) Find a function that models &_e number of bacteria after

thours. 1 (%) =26 (..Q

) Estimate the population 15 years from now.

A =266 nCg= ()

~\S 153 7
neA) =~ ;n’f;# G n(is)= sm’m”‘ig,

Exponential Growth Model
n(t) = nge"

where n(t) = population at time t
N, = initial size of population
r = relative rate of growth
(expressed as a proportion of

the population)
t =time
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Example 2: The initial bacterium count in a culture is 50(5; R

biologist later makes a sample count of bacteria in the culture

and finds that the relative growth is 40% per_hour. ¥== _ 4O

ot

a) Find a function that /
models the number /—
bacteria after t hours. /

nH=So0e

b) What is the estimated 500

count after TO Q?L%rs? =

n(lo\ =s0pe’
nwCIOYR 27,299 ﬁ-eo!le_
¢) Sketch the grap

the function n(t).

n(s) ~ 3695

Example 3: In 2000 the population of the world was 6.1 billion
and the relative rate of growth was 1.4% per year. It is claimed
that a rate of 1.0% per year would make a significant difference in
the total population in just a few decades. Test this claim by

estimating the population of the world in the year 2050 2050 using a
relative rate of growth of (oSS

a) 14% per yean= 014  n(SD)=G.\e

b) 1.0% per year y= $( N(O= 12.294 billion
() = 6.1 (so)

n(So) =\ . 0S7 kitlion
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Example 4: The population of the world in 2000 was 6.1 billion,
and the estimated relative growth rate was 1.4% per year. If the
population continues to grow at this rate, when will it reach 122

billion? _ n (k) Finel t.
. O\ttt
6.1 G. (
SOl
\n2D =he e

In20 = .o\t

NIl e el

24 = 4
YCO\I'S

o n PP

Example 5: A certain breed of rabbit was introduced onto a small
island about 8 years ago. The current rabbit population on the
island is estimated to be 4100, with a relative growth rate of 55%
per year. n(e) v=.5%

nery=n, ewb

a) What was the initial size, o bbit population?
' 4100= N M Pop

PRE O —?ﬁY— N,~ 50 rabbits
b) Estimate the population_ 12 years from now.

)) .55)(12)
n(z0)= sof,('gswb n(12)= 4100 e(

20\ = n(12) * 3,013,960
e Zﬂ@ﬁ%"* rabpts
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Example 6: A culture starts with 16}0’00 bacteria, and the number
very 40 minutes.

a) Find a function that models the number of bacteria at time t.
b) Find the number of bacteria after one hour. = &b
C) After how many minutes \A‘@B@here be 50,000 bacteria?

a) nE® = 1,000 (2)

L) Nd =10,000(2)
N (E0) 7= 2% ,28% bacterig

10,000
! \;\10 00D
\yg S =% @

In 1935 the American geologist Charles Richter defined the
magnitude M of an earthquake to be M = log—l
S

where [ is the intensity of the earthquake

and S is the intensity of a "standard" earthquake.

Example 7: The 1906 earthquake in San Francisco had an
estimated magnitude of 8.3 on the Richter scale. In the same
year a powerful earthquake occured on the Colombia-Ecuador

border that was 4 times as intense. What was the magnitude of
the Colombia-Ecuador earthquake on the Richter scale?

M= log %
M= lba"\“}" [06%
M= loat + 8.3
(M= za)
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