764 " CHAPTER 12  Growth and Decay

Based on these data, does it appear that the world’s population follows a Malthusian
model?

SOLUTION One way to proceed is to check whether the growth rates over the 50-year
periods are constant, or nearly so. Using the half-century as our unit of time makes the
growth rate simply the ratio between the populations at the beginning and end of each
half-century period. We find the following rates (Table 12.4):

Table 12.4

Since the growth rates vary widely, the Malthusian model, which assumes a constant
growth rate, does not fit well and would be a very unreliable predictor.

1. A population of 200 rodents is discovered living in 2. The human population of a small town is initially
the wall of your house. Despite your best efforts to 650. Suppose the population grows at a rate of 6%
eliminate the population, it grows at a rate of 95% per year. Fill in the following table to show the total
each year. Fill in the following table fo show the to- number of residents each year.

tal number of rodents each year.
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CHAPTER 12 Growth and Decay

17. The bacteria E. coli duplicates itself approximately

every 20 minutes under ideal circumstances.

a. Fill in the following table by considering
20-minute intervals of time. Begin with one
E. coli bacterium. '

b. Use the formula for the growth rate to find the
value of # in this case, where m is measured in
20-minute intervals of time.

. Assuming that the rate of growth remains con-
stant, write the Malthusian population growth
formula of the form P,, = (1 + #™ X Py, Use
the rate you found in part (b) and let m represent
the number of 20-minute time intervals.

d. Use your model from part (c) to find the total
number of E. coli present after 4 hours and then
after 1 day. Remember that time is measured in
20-minute mtervals,

18, Under less-than-ideal conditions, such as lacking

 sufficient nutrients, Nanobacterium sanguineum can
slow its growth rate so that it duplicates itself once
every 6 days.

a. Fill in the following table by considering 6~day
periods of time. Begin with one bacterium,

b. Use the formula for the growth rate to find the
value of » in this case, where m is measured in
6-day intervals of time.

s

A

. Assuming that the rate of growth remains con-
stant, write the Malthusian population growth
formula of the form P, = (1 + 1" X P,. Use
the rate you found in part (b) and let m represent
6-day time intervals.

. Use your model from part {c) to find the total
number of N. sanguineum present after 33 days
and then after 7 weeks. Remember that time is
measured in 6-day intervals.

. Your home appreciated from $145,000 to $215,000

in 5 years.

a. Find the annual rate of growth in the value of the
house.

b. Assuming that a Malthusian population model
applies to the value of your home, predict the
value of your home afier 5 more years.

. A population of apes increased from 24 to 55 in 2

years.

a. Find the annual rate of growth in the ape popula-
tion. ‘

b. Assuming that a Malthusian population model
applies to the ape population, predict the total
number of apes after 2 more years.

. The population of a city grew from 20,000 to

33,000 during the past 10 years. If growth continues
at this rate, what will the population be in 20 more
years?

. The population of a given city grew from 35,000 to

42,000 during the past 15 years. If growth continues
at this rate, what will the population be in 17 more
years?

. During the past 8 years, the population of
Greenville grew from 28,000 to 35,500. If growth
continues at this rate, what do you predict the popu-
lation will be in 22 more years?

. Between 1985 and 1993, the population of Braxton

grew from 62,400 to 70,800. If this rate of growth
continues, what do you predict the population will
be in 20107

. According to Statistics Canada, the population esti-

mates for Ontario in the years 1999 to 2002 were as

follows: 11,527,900; 11,697,600; 11,894,900; and

12,068,300.

a. Calculate the annual rate of growth for each pair
of consecutive years.

b. Can a Malthusian population model be assumed
for this population? Explain why or why not.
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CHAPTER 12 Growth and Decay

37. Suppose a chain letter has 4 levels and requires you

to send out 5 new letters. What are the payoffs in
rising from the bottom of the list to the top of the
list if you are required to pay the following amounts
to the person at the top of the list?

a. §1 b. §5 .c 510

. Suppose a chain letter has 4 levels and requires you
to pay $5 to the person at the top of the list. What
are the payoffs in rising from the bottom of the list
to the top of the list if you are required to send out
the following numbers of letters?

b. 5 c. 10

d. $50

a. 1 d. 50

39. Suppose you want to create a chain letter that will
give you a payoff of about $90,000. You assume that
you are more likely to encourage people to join if
the cost is only $3. Devise a scheme that will gener-
ate about $90,000 for those who rise from the bot-
tom of the list to the top.

. Suppose you want to create a chain letter that will
give you a payoff of about $500.000. You assume
that you are more likely to encourage people to join
if they have to send out only 5 letters. Devise a
scheme that will generate about $500,000 for those
who rise from the botiom of the list to the-top.

. A sheet of paper is approximately 0.1 millimeter i
thick. If you fold the sheet of paper in half one time, ~
you will have two layers, with a total thickness of
approximately 0.2 millimeter. If you fold the paper
in half again, you wifl have four layers, with a total
thickness of approximately 0.4 millimeter. Create a
table showing the thickness after each of the first

10 folds. If a piece of paper was big enough and you
could fold it an unlimited number of times, how
many folds would it take to create a thickness equal
to 480 meters, which is the height of the Union
Square Phase 7 building in Hong Kong?

. The bacteria E. coli divides approximately every

20 minutes under ideal conditions. It measures ]
about 2 micrometers in length and 0.8 micrometers =
in diameter, so it has a volume of about 1 cubic
micrometer. A micrometer is one-miltionth of a
meter. Suppose one E. coli bacterium is present
initially.

. How many bacteria are present after 2 hours, and
* what is their total volume?

. How many bacteria are present after 5 hours, and
‘what is their total volume?

. About how long would it take for the volume of
cells to fill up a space equal to 1 cubic meter?

. About how long would it take for the volume of

“cells to fill up 2 typical swimming pool, with a
volume of 13,750 cubic meters?

. Nanobacterium sanguineum 1s a unique bacteria
species. It can slow or speed up its rate of growth
depending on the conditions in which it finds itself.
Research this interesting bacterium and write a
short report. Be sure to include information about
where this bacterium is found, what it does to its
host, and what its strengths and weaknesses are.
Include information about its different rates of
growth. Create several tables to demonstrate growth
patterns under different conditions and rates of
growth, and explain what conditions lead to the
different rates of growth. On the Internet, search
keyword “Nanobacterium sanguineum.”

. The United States experienced an increase of ap-
proximately 33 million people between 1990 and
2000. However, population growth did not occur
evenly throughout the country. Over the 10-year
period from 1990 to 2000, the populations of some
states grew much more rapidly than others. On the
Internet, visit the U.8. Census Bureau website at
www.census.gov, and find the populations for each
state in 1990 and in 2000. Calculate the 10-year
growth rate for each state. Which state(s) had the
largest rates of growth? Which had the smallest
rates of growth? Draw, or use the Internet to down-
ioad, an outline map of the United States. Color
groups of states with the greatest growth rates the
same. Color groups of states with the smallest rates
of growth the same. Summarize any patterns in
growth rates you find in a short essay.




0007 1eak oy i Auno?) o Jo uoneindod sy ajewmsy g
0661 PUE (0861
usamiaq uonerndod Aumory oxeT oY) Uk SUI[O9p JO el [ENUUR o1} U] 8
:Burmopof
a1 op 0y [apow uonendod URISIYIfRA B SWINSSY (661 1824 9SG UL 081/ P
12k a1 ur Zgg/ sem ‘noSarp ‘Aiuno) e jo uonendod oy, «

-

‘Buipuads
Ul UORANPAL B 01 PEI PINOM YOIM ‘ONUIART X} UT uoponpal afqssod & 1of ueyd o3
suonoaford nongndod axew uLo AUNWIOD B M0y smoys sjdurexa Jxau 3y, ‘sqol jo
aFe1I0US ® SB YOS §10308] 0} anp duijoap uonendod € WoIJ afns Anunoa oy o spred
oWOS ‘PUBY ISI0 ST U “UO 0S PUE ‘SAI[HNR “S[OOTOS ‘SABMPROI JUSLOINS ARy A1)
ans aYeur 03 peaye ue[d 0] 9ARY ‘BPEAIN ‘SBSOA SET] SE YOS ‘SAMIUATIIND FUIMOLE)

ANITOHd NOILV'INdOd

"AB23p A9] Se S{BLIAIEI JALOBOID
-8l O) [opott swes oy Ajdde o) 401 095 OS[R [[Im 9 "UOLRNYIS ST 11 0] [OPOL UOHE[N
-dod uerSnI{EIN S AJIpOW pUE ozis ur FuISealout uet) eyiel Suisearnsp st uonendod
e Apqrssod 91y IOPISUOD [[I4 9 TOT09S $1) U] ‘w033 uonendod Jo sa11 paje[nd
-1e2 pue yaois uopendod aquosap 03 [opow v pedo(3asp am U010es snotadid a0 U]

"9/ /. oFed Uo ST UIS[QOIJ [PU] STY] JO WOTIN[OS ¥
$Apoq 9T} Aq PazI[OqBIOLI
ST Snup oY) Se WeLNSPOOTq S SIABD] WINLIQIT YOIYAM I S9eT Aoy o) ST IBYAL "SI0y
S PUE 7 Um1aq JO 3J11-J1BY € sey ([DH 2prxodezeIpio|ys) Wnuqy] J2zIinbues oy,

W3120Ud TVILINI

Aed3Q aAnaeOIpRy ‘searsaq uonendod 7 7L

Sop aurexd Yoo Jo afe oy Jo yoen dasy 01 PASU [[im
NOA “a[qe} INOA UT TeaA Y30 1By} W S21p 24S 210Jaq
sdnd Ino7 70 10111 JoY SBY OUS TR} SWNSSE “[RUISY

B JO 9880 8T U] IBdA yHNOY S)1 JO PUd 2] I 91p [[IM
Sop euread yoee 1B} PUR SI[RULAJ 0M] PUE S[ELTE 0M)
SUIEIIOD TOHT] YOBS 18U SWNSSY 'S1834 ()T 18I 213 10Y
Teak oes Jo pue auy e uonendod Sop suead w10y
9L} MOYS 03 2[B) B 21821 B[RIISJ P[O-18IA-T B pUE
a[eul plo-12ak-7 & :sSop omred om) (pim wisaq nok
JWNSSY "$IBAA  N0Ge 2A1] s30p 2rneid Ajeord4],

“Pasm U22q SBY J1 YOTM TT SUOT)

-enys Jo sojdiexa SIS pue WPmoas usIsyIfeIy
Jo oyduzexa we ST 1 ToyoyM wr[dxs Swros o

J0 8TO SOZITEUNNS JBY) ABSSY UR 9ILIAL  SOUIAYOS
pruIRIAd,, 1o SI9119] UIRYd,, JO  SIWIYIS 12004,
SPIOMADY YOIBas “JOUISIUT ) L) “SOUIdY} 353}

10 SUOTIETIRA AURTY 2JB SIY ], "UONOIS STI) UT PRSSND
-SIP 212 JET) SISNA] ULBLD ST]) JO STIYDS 1ZU0J

913 () JB[IWIIS SUIB0s JoInb-11211-198 wos oieasay

B, m

oF

(5

‘s8op srueid Jo nonendod suy 107 Wmois

JO 5181 [eUUUER OY) PUB sIBdA (] Toye uonedod
[e101 9t puL o1p (4 Jop oureld yoes uaym pue
Joy1} ® AARY 03 S[qR SIB SO[BWISJ U USTM MOWY O}

69L ABI3(] aA1)2B0|PRY 'ISEAU3(Q UoNENdoy

2°Ti NOLLO3S

‘sdnd anoj o1 921y seY ATeIouss pue s1Bak 7 Jo a8
oty 3¢ SuruurSeq 1894 B 20U0 soonpodar gop surerd
S[BWISf Y "S[EWIWEL JOI0 I0] ST 9y 01 pateduiod

1018 Jo ayex mo] e sey vonendod Jop awead sy, -Gp




