CHAPTER 12 Growth and Decay

) % Archaeologists find bones from animals killed by ancient hunters
at the site of an ancient village. Testing of the bones reveals that 35% of the original "'C
remains undecayed. Estimate the age of the bones and, hence, the age of the village.

SOLUTION  From Table 12.6, we see that when 35% of the original '*C remains, the
sample is 1,51 half-lives old. Since the half-life of '“C is 5730 years, we see that the age
of the sample is 1.51 X 5730 = 8652 years. =

SOLUTION OF THE

The tranquilizer Librium (chlordiazepoxide HCI) has a half-life of between 24 and 48
INITIAL PROBLEM

hours. What is the hourly rate at which Librium leaves the bloodstreamn as the drug is
metabolized by the body?

SOLUTION We apply the decay rate formula using the given half-life, but with the time
units of years replaced by hours. First, we set £ = 24 and find that the corresponding
decay rate is

1\3z
d=1- (5> ~ 0.028.

Then we set # = 48 and find that the corresponding decay rate is
1

im - (O oo
- 2 - . .

We conclude that Librium leaves the bloodstream at a rate of 1.4% to 2.8% an
hour. '

1. The population of Russia feli from about 148.7 mil- 3. In 1978 there were approximately 30,000 black rhi-

lion in 1992 to about 144 million in 2002. Assume a
Malthusian population model. -

. Find the rate of decline for the population.

. Predict the total population in the year 2003.

. In the vear 2003, the population of Russia was
estimated to be about 142.9 million. How close
was your predicted value to the actual value?
What factors might cause the values to differ?

. Potato blight was the name given to a fungus that
destroyed potato crops in Ireland in the 1840s and
caused widespread famine. In 1841, the population
of Ireland was 8,175,124, By 1851, because of
famine, death, disease, and emigration, the popula-
tion had fallen to 6,552,385. Assume a Malthusian
population model.

a. Find the rate of decline for the population.

b. Predict the total population in the year 1926.

¢. The population of Ireland continued to decline
for many years. The actual population in 1926
was about 4,228,553, How close was your pre-
dicted value to the actual value? What factors
might cause the values to differ?

noceroses in existence. By 1984, the population had
dropped to 3000. Assume a Malthusian population
model.

a. Find the rate of decline for the population.

b. Using the rate found in part (a), write the equa-
tion of the form 7, = (1 + )" X P, that repre-
sents the black rhinoceros population after m
years, where m = ( in 1978. Predict the popula-
tion in the years 2010 and 2020.

. If the population continues to decline at the same
rate, in approximately what year will there be
only one black thinoceros left? Use the guess-
and-test method and your calculator.
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778 »  CHAPTER 12

Growth and Decay

15. The half-life of sodium-22 is 2.6 years.
a. What is the annual decay rate for sodium-22?

b. If there are 200 grams of sodium-22 in the year
2000, how much will remain in the year 20357

16. Suppose the half-life of a radioactive substance is
73 days.
a. What is the annual decay rate for this substance?

" b. If 200 grams of the substance were available on
January 1, 2001, how much would remain on
December 3, 20017

17. Suppose the half-life of a radiocactive element is 18
- minutes. If there are 10 grams of the substance ini-
tially, how much will be left 4 hours later?

18. The half-life of argon-41 is 1.8 hours. If 50 grams
of the substance were available at noon, how much
would remain at midnight?

19. Plutonium-241 has a half-life of 13 years. If a sam-
ple of 100 grams was produced in 1950, how much
of the sample remained in 20037

20. Suppose the half-life for a radioactive substance is
400 years. How much will remain after 2000 years
if 100 grams were present initially?

Problems 21 through 24
Use the half-life radioactive decay formula

(O
m 2 Q-

21. Suppose that initially 500 grams of a radioactive
substance are contained in a sample, so 4, = 500.
For each of the following situations, calculate how
much of the substance will remain after m = 100
years.

a. Suppose the half-life is 100 years.
b. Suppose the half-life is 50 years.
¢. Suppose the half-life is 10 years.
d. Suppose the half-life is 1 year.

22. Suppose that initially 30 grams of a radioactive sub-
stance are contained-in a sample, so 4y = 30. For
cach of the following situations, calculate how
much of the substance will remain after m = 50
days.

a. Suppose the half-life is 100 days.
b. Suppose the half-life is 50 days.
¢. Suppose the half-life is 10 days.
d. Suppose the half-life is 1 day.

23.

24.

Suppose the half-life of a certain radioactive
substance is 2 years, so i = 2. Initially there are
Ay = 100 grams of the substance. Calculate how
much of the substance will remain after each of the
following periods.

a. 1 year

b. 18 months

c. 2 years

d. 4 years
e. 8 years

Suppose the half-life of a certain radioactive sub-
stance is 5000 years, so & = 5000. Initially there are
Ay = 100 grams of the substance. Calculate how
much of the substance will remain after each of the
following periods.

a. 1 year

b. 100 years

¢. 1000 years

d. 10,000 years

Problems 25 and 26
Use the half-life approximation formula:

25.

26.

27.

28.

0.693
d+ %
A radioactive substance has dn annual decay rate of
2.445%.
a. What is the approximate half-life for this
substance?

b. Compare the half-life with those given in Table
12.5. Which element could this be?

h =

A radioactive substance has an annudl decay rate of

(.04278%.

a. What is the approximate half-life for this
substance?

b. Compare the half-life with those given in Table
12.5. Which element could this be?

A fossil is tested for the level of '*C. Tt is found that
the fossil contains about 90% of its original amount.
Estimate the age of the fossil.

If 500 milligrams of '*C are present in a sample
from a skull at the time of death, how many mil-
ligrams of '*C would be present in the skull after
each of the following periods?

a. 5000 years
b. 25,000 years

¢, 50,000 years
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CHAPTER 12 Growth and Decay

35, Roll a set of 30 dice and remove all the dice show- ¢. Locate on your graph the point at which about balf
ing a 1. Record the number of dice you have left in of the original number of dice remain. After how
the row for roll number 1 in the table. Roll the re- many rolls did this occur? What do we call this?

ining di it 1 b .

Matming dlcg, femove att 15, and record the number §2% 36. The northern spotted owl was listed as a threatened
of dice remaining in the row for roll number 2. Con- 55 .. .

. . . species in 1990. Some experts speculate that the pri-
tinue until you have only a few dice left. T L

% mary cause of the decline in the owl population is

the loss of old-growth forest habitat. Research the
northern spotted owl, and write a report to summa-
rize your findings. On the Internet, search keywords
“northern spotted owl.” Be sure to include answers
to the following questions.

a. What measures are being taken to protect the
owl? Do they appear to be working?

b. What is the current rate of growth or decline for
this population? What is the current estimated
population of northern spotted owls? What was
the approximate owl population in 1990, when
the northern spotted owl was listed as a threat-
ened species?

a. Plot the data from the table. Put the roil number - Use the current populati.on estimate and the cur-
on the x-axis and the number of dice remaining rent growih rate to predict the northern spotted -

on the y-axis. Sketch a smooth curve that seems owl population for the next 10 years. Plot these
to fit the trend in the scatter plot. values on a graph. What might you conclude

about the Tuture of the owl population? Use your
graph to support your conclusion.

. You can find the decay rate by using the radioac-
tive decay formula. You will need to use the fact
that you started with 30 dice and then select one
other roll number and its corresponding number
of dice remaining in the formula.

. Describe the difference between a threatened
species and an endangered species. Based on your
research, do you think this population will be
classified as endangered in the future? Explain.

12.3 Logistic Population Models
Consider the following list of world population figures (Table 12.7).

Table 12.7

Based on these data, does it appear that the wotld’s population follows a logistic model?
A solution of this Initial Problem is on page 790.




