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418 CHAPTER & IMfferential Bguatons

Chek o 1o view the complens solution of the exercise,
Click oo i print an enbarged copy of the graph.

In Exercises 1-111, salve the differential equation.
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In Exercises 11-14, write and solve the differential equation
that models the verbal statement.
'.EJ 11. The rate of change of O with respect o f is inversely propor-
tiomal to the square of
12, The rate of change of P with respect o ¢ is proportional o

10 =
Eﬁ,_] 13, The rate of change of & with respect o 5 is proporional o
250 — 5.
14, The rute of change of vwith respect (oo varies jointly as x and
L—w
fE Stope Fields  In Exercises 15 and 16, a differential equation, a

point, and a slope field are given. (a) Sketch two approximate
solutions of the differential equation on the slope field, one of
whiich passes through the given point. (b} Use integration to find
the particular solution of the dilferential equation and use a
graphing utility to graph the solution, Compare the resalt with
the sketch in part (a). To print an enlarged copy of the graph,
select the MathGraph button,
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e In Exercises 17=20, find the function ¥ = f{f) passing through
the paint (), 10} with the given first derivative. Use a graphing
utility to graph the solution.
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Exercises for Section 6.2

The symbaol Hﬂ' indicates an exercise in which you are instrucied 1o use graphing iechnobogy of a symbolic compuier algehra sysiem,

In Exercises 21-24, write and solve the di
that models the verbal statement. Evaluate
specified value of the independent variable,

@:‘ 21, The rate of change of v is proporional 1 v
and when x = 3.y = [ What is the vale
22, The rae of change of N is proportional
N=250 and when t = 1, N = 400, Wha
when 1 = 4
El 23 The rate of change of V is proportional
Vom 200000 and when = 4, ¥ = 12,500,
V whent = 67
24, The rate of change of 15 propoctional
£ = 50000 ang when ¢ = 1, P = 4750, Wl
when 1 = 57

In Exercises 25-28, find the exponential fun
passes through the two given points,

(8] 5. 6.

(5 27. by I

Writing About Concepts

@ 29, Describe what the values of C and k repe
nential prowth and decay madel. v = Ce

. Give the differental equation that o
growth aml decay,

In Exercises 31 and 32, determine the g
the solution of the differential equation
function. Explain. (Do not solve the differe

dv 1 dy 1,
L —_ = :‘2_ T = el
B de. 27 dr 2
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Radivactive Decay  In Exercises 33-40, complete the table for
the radicactive isotope.

Aweernnif At
Hali-Life  Inisial Afier Afier
fsotope (in vears)  Cgniite OO0 Years LUK Fears

(5] 33, 2mpy 159y e

M, FRa 1599 15¢
(8] 35, 20ps 1594 05g

36, ¢ 5715 Zg
(8l #. = 5715 Se

3R MO 571% ilp
(8139, 2opy 24100 21

40, 2y 24, 1K} n4g

HEN

Radiogetive Decay  Bwadioactive radivm has a half-life of
approximately 1599 vears, What percent of a given amount
remaims afler 100 years?

42, Carbonr Dating  Carbon-14 dating assumes that the carbon
dicxide on Earth today has the same radivactive coment as 1
did centuries ago. I1 this is tree, the amount of *C absorbed by
@ tree that grew several centuries ago should be the same as the
amount of "0 absorbed by atree growing oday. A plece of
ancient chareoal contains only 15% a5 much of the: redioactive
carbon as a piece of modern charcoal, How long ago was the
tree burned 1o make the anpcient chareoal”? (The half-life of YC
is 3715 years.)

Compatnd Fiterest  In Exercises 43-48%, complete the table for
a suvings aceount in which interest is compounded continuously.

Initial Arrmeal Time gz Amownt Afier
Trevestment Fase Dauble 0 Years
(5] 43, s1000 %
44, 520,000 sie
(8145 s750 T1yr
A6, 510,000 S5yr
(5] 47. s500 $1292.85
48, S2000 $5436.56

Compinend fiterest In Exercises 49-52, find the principal #
that must be invested at rate r, compounded monthly, so that
S500,0000 will be available for relirement in § years,

(Slao, r=a, =20 0. r = 6%, =40
(§ls51. r=8% =35 5% r=9%, =25
Cormpoeend fnterest  In Exercises 53-56, find the time necessary

for $1004 to double if it is invested at a rate of r compounded (a)
annually, (b} monthly, (¢} daily, and (d) continuously.

HEEEE 4. r = 6
(8] 55, = g50 56, r— 5.50

%

SECTION 6.2

FPogpurlation

Dilferential Bguations: Growth @

In Exercises 57—6d1, the popualat

g country in 2001 and the expected continu
change k of the population for the vears 2000

givemn,

{a)
(b}

e

(5] 7.
S8,
(5] s9.
60,

(5] 6.

B

(5] 3.

. Learning Curve

(Source: U5, Census Burean, fntern
Find the exponential growth model P =
lation by letting ¢ = 0 correspond to 206

Use the model to predict the populatior
5,

Disenss the relationship between the =
change in population for the country.

ey 2000 Popmadarion
Bulgiria 7.7
Cambixlin 127
Jordan 52
Lithuania 16

Muodefing Data Che hundred bacteria anc
and the number & of bactena is counted ca
The results are shown in the wmble, where ¢

f i) I 2 3 4 5

A F26 | 851 ) 198 | 243 | 29

(4} Use the regression capabilities of a gra
an exponential model for the data.

() U the moddel o estimeie the Gme regu
om0 gquadrople i siee.

Bacteria Gronath The number of bacie

increasing according o the law of expone

are 123 bacteria in the culture afler 2 hou

after 4 hours.

(4 Find the initial population.

() Write an exponential growth model fo
lation. Let ¢ represent time i howrs.
fch Use the model w determine the numk

& hours,
(e} Adter how many hours will the bacten:
Learning Curve  The managemenl al a
found that & worker can produce at maost 31
learning curve tor the number of units & pry
a new employee has worked fdays is N = ¢
days om the job, o paricalar worker produe
(b Fimd the learning curve for this worker,
by Howe many days should pass before this

25 unils per day?
If in Exercise 63 man
new emplovee 1o produce at least 20 units ¢
on the job, fod (a) the leaming curve
minminnm sequiresent and (k) the aumby
minimal schiever s prodocing 25 unils per
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420 CHAFTER 6

[ifTerential Equations

fi = Medeling Data The ghle shows the populstion P (in

(5] 7.

. Muodefing Dhata

millions) of the United States from 1960 4o XKL {Sowrce;
58, Census Kurean)
Year Pat) | L9700 | 1980 | 19w | 2000

Population, P | 81 | 205 | 228 | 250 | 282

fat Use the 1960 and 1970 data w find an exponential model
£y ofor the dats, Let £ = O represent 19640,

{h) Use o graphing wility w find an exponential model P, for
the data, Let r = 10 represent 1960,

(¢} Use a graphing wtility to plot the date and graph both
models in the same viewing window., Compare the actual
duta with the predictions, Which model bener fits the daia?

() Estimate when the populaion will be 320 million.

The table shows the net receipis and the

amounts regquired to service the national debt (interest on

Treasery dett secuntes) of the United States from 1992

theough 2001, The monctary amounis are given in billions of

dollars.  (Sowrce: UU8 Offee of Maragement and Budgeit
Year 1992 1993 [aad 1995 1996
Receipts | 10913 | 11544 [ 12586 | 13518 | 1453,
Interest | 2923 | 2925 | 2963 | 3324 | 3439
Year 1997 (R 19499 200 20001
Receipts | 15793 [ 17218 | 1827.5 | 20252 | 1991.2
Imterest | 3558 | 3638 | 3535 | 3610 | 3505

(ad Use the regression capahilities of & graphing wtility o find
an exponential model & for the receipts and a guartic model
[ Tor the amount required to service the debt, Let @ represent
the time in vedrs, with ¢ = 2 cormesponding o P99

)

i

Usie a graphing wiility to plot the points corresponding i the
receipls, amd praph the corresponding model. Based on the
rvodlie], wehit 15 the continuaons rate of growth of the reeepis?

(e

-

Use a graphing utility to plot the poimts cormespondimg 1o
the amoum required (o service the debt, and graph the
quartic model.

{d

n—r

Find a function #i) that approximates the percent of the
receipis that 15 reguired o service the natonal debr. Use a
eraphung wiility w graph this function,

Senend Intensity  The level of sound & (i decibels), with an
inlensity of s

!
By = 1log,,
'
where £, is an imtensity of 100" walts per square centimeser,
crmesponding roughly (o the faintest sound that can be heard.
Drerermine G0 for the following,

Lad £ = 10" wans per square centimeter (whisper)

5] 9.

Tl

(5] 7.

i

True wr Falve?

it I
(cr 4= 10 5% wans per square centimeter

10" walts per square centimeter {

(dy = 10" watts per squane centimeter (
Noise Level  Wih the imstallanen of
matcrials, the noise level in an auditorium
93 1o B0 decibels. Use the function in Fxe
percent decrease in the intensity level of e
the installation of these materials,

Forestry The value of a ract of timber is

Vir) = 100000

where ¢ is the time in years, with ¢ = 0 cor
If money eamns interest continuously at 108
of the imber &t any time 1 is AR = Vie ™
which the timber should be harvested (o m
valse function,

Earthguake fntensity On the Richier sca
of an carthguake of inlensity [ is

||'||r = Il'llru
o Inln

where [, 15 the minimem imensity usg

Assume that 7, = 1.

(ay Find the imensity of the 1% San
iR =83

(h) Find the factw by which the mtensity
Richter scale measurement is douhled.

(b Fimd o/l

Newfon's Law of Cooling  When an ohje

a furnace and pleced inoan environmer

temperature of BU°F, its core temperature i

after it is removed, the core lemperature

core femperatere 5 hours after the object 1

furnace,

Newton's Law of Covling A container of

in 1 {reezer that is kepl at a constani iemp

initial temperatare of the liguid is 160°F. .

liquad™s temperature 15 60°F, How much 1o

s femperature o decrease w 30°FY

In Exervises 73-76, deter

statement is true or false. IF it is false, expls
example that shows it is false,

(5] 72,
74,

(5] 7s.

76,

In exponential growth, the rate of growth i
In linear growth, the rate of growth is cons
If prices are rising @ a rate of 0.5% per n
eising ot a rie of 6% per vear.

The differential equation modeling exp
dvide = kv, where ks a constant,
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