Solve the differential equation,

%=x+2

I y= J.f_x+ 2) dy

,'.2
. ==+
5 Zx+ U

Solve the differenial equation,

dy
—_— = gm + E
de = Y
v
l il = a
v 42 el

-y
Il
3

)

f. y=Cg"' =12



Solve the differenial equation,

et
-
[

i
[

\
A
bt
ey
=

i
B
II

Sxdx

+
Y

-
II

fodi | =

-
B
[
T B e

-
I

Lh

bt
Il

Solve the differential equation.

| wl
o

.

¥
! J.%d.r = jv"",;d.'i'

i_ﬁ = jv"z’ch‘
4 Inly| = %r‘fz +C,
5. P e."'z-'r-’ll.\‘?'l +C)
& = Er!e*uf'lf'-'-""l

7. = Cel2/an?
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Solve the differential equation,

I+ =2rw=0

2xy
| yh =
: 1 +x

" D~
- R

«, I'_r
&
I
—_—
+ i
o

I'.ij s "? =
¥ 1 + 42

>

dx

A

In|y| = In(1 + »*) + C,
6 Injy| =In(l +x3)+InC
In|y| = In[C(1 + £2)]

8. y =1 + 5%

Write and solve the differential equation that models
the werbal statement.

The rate of change of 0 with respect to ¢ is inversely
proportional (o the sguare of 7.

Codo_k

dt P

, |42, _ |k
2, jr.’a‘ “"“def
3, fdg=—’—:+r:'
k

| -
8] J’+li“



Write and solve the differential equation that models
the verbal statement.

The rate of change of N with respect to 5 is
proportional to 250 — s,

i
[ e K250 — 5)

f
2, j% dy = J.HZ:'\'U — &bl

3 Jfﬁ"ﬁ' = —

I JWI=_

250 — 5P + €

l*-J._LF':"

I-JJ_L.'-I‘--

250 —sPF + C



A differential equation, a point, and a slope field are
given. (a) Sketch two approximate solutions of the dif-
ferential equation on the slope field, one of which pass-
es through the given point. (b)) Use integration to find
the particular solution of the differential equation and
use a graphing utility to graph the solution, Compare
the result with the sketch in part (a),

m-.

E- = I{fl = _'I-‘}l ':ﬂ-:. U]

X
l. (a) -
. T al.
=4 124 L]
Ak Ch
ey
2 (b —— = —xdx
(b} ek
_.t:
3} aly ~ 8} =——+ €
4 y =6 =g F2HC
. = (e ¥
f. v=~6+ Ce *2
7. {0,0:0=6+C,
5. = C,=—6
9. = y=6— 6 7/2

i}, T
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Find the function v = flr) passing through the point
{0, 10) with the given first derivative. Use a graphing
utility to graph the solution.

dy _1
et 2
| dy = l.rd.r
; \ 3
i
2, =—t: 4+ (
Y= 3

i 10= __%fu}ﬁ +C

4 = C=10

5, y = —l.fz + 10
A=

f. 16

M ™

o, My

19
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Find the function v = fir) passing throngh the point
(0, 10) with the given first derivative. Use a graphing
utility to graph the solution.

ely I
i R
il 2
dy |

L == ]z

J 3 j 5 or
o _ 1
2, In|y] = —5f +
B y = ¢ WG
l - - ;_}tll e r.l'lj
5. = (T lf2
t. 0= e

T = C=10
8. y = 10e 12

L} 16

N

I ' - - 7.
-1




Write and solve the differential equation that models
the verbal statement. Evaluate the solution at the
specified value of the independent variable.

The rate of change of v is proportional to . When
=10y =4 and when x = 3, v = 10. What i3 the
value of v when x = 67

s

I
iy

by

I y=Ce* (Theorem 5.16)

{0, 4); 4 = Ce”

i, =
3,003,100 10 = 42
_ (3
6. = k= 3 I[I(E)
When x = 6&:

g4 _'I' — 4—?.'"." ol 2 HGh

9. = gei5/2P

o -y

1, =23

23



Write and solve the differential equation that models
the verbal statement. Evaluate the solution at the
gpecified value of the independent variable.

The rate of change of V is proportional to V. When
=0 V=20000and when r = 4, V = 12,500.
What is the value of V when r = 67

av _
ot

1. V=" (Theorem 5.16)

L. KV

1. {0, 20,000): € = 20,000
4 (4, 12,500): 12,500 = 20,000

{1 When b= {}:
V = 20,000e1/4 ul3/8)i6)

g A Eﬂ.[}[}[]-rfl"jﬁmp !
513/2
9 = ED,DDD(;—J

i, = 0882118
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Find the exponential function v = Ce* that passes
through the two given points.

L gl

. |

o N= EE’H

3. 5= le-“'

T2

& 1nr.]D

5 3= lf_.lln LRk
T 2

1] = %“'D"’H}

Y lc,(h.dml.*r
' . 2
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Find the exponential function v = Ce* that passes
through the two given points.

.T

14,

fr

o

1 =C&
5=
5Ce* = Co™
Set = M
5 =g
5
= 11,4024
yo= et Y
1 = Ceh4na

C=06687 (C=514)
¥ = 0.6687 12

Describe what the values of © and k represent in the
exponential growth and decay model, v = Ce*.

.

In the model y = Ce®, C represents the initial value
of v {when t = 0).

k 1s the proportionality constant,
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Determine the gquadrants in which the solution of the
differential equation is an increasing function. Explain.
(Do not solve the differential equation. )

dy 1
dx 2-

o
I d_: = 0 when xy = 0.

2. Quadrants Tand 11

Complete the table for the radioactive isotope,

Half-Life  Tnirial Amount Afrer  Amount After
Ixorope  (in vears)  Cuangiry 1000 Yegrs 10000 Years

HRa 1599 0g
| Since the initial quantity is 10 grams, v = 10"
2. Since the half-life is 1599 vears

§ = [i)pkl1599)

.o | 1:
k= 1300 m(z)'

4. Thus, v = 10 (tn41/2)/1599)
5. When 1 = 100},
y = ]Qeltnlr/2/1558]1000)
B, = 648 g
7. When t = 10,000, v = 0.13 g.
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Complete the table for the radicactive isotope.

Half-Life  Initial Amonnt After Amount After
Isotope  (in vears) Quanrity 1000 Years 10,000 Years

*Ra 1599 05g
I. Since the half-life is 1599 years,

i — If,hlﬁ"?:.ll
2

1 1
Lk = 1599 In(i)_
4. Since there is 0.5 gram after 100,000 vears
. 0§ = Cf[hll:l.-'ill."til.lu]lilll.l.n'm'l
5. C=33.158.
6. Hence, the initial quantity is approximately 38158 g,
7. When r = 1K),
y = 38.158elnit/2)/159]00)

s

== 2474 0.



Complete the table for the radicactive isotope.

Half-Life  Initial Amount After  Amount Afrer
Isorope  (in years) Quantity 1000 Years 10,000 Years

14 5715 5g
| Since the initial quantity is 5 grams, O = 5.
1. Since the half-life is 5715 vears

2.5 = 5¢kTS)

_;[(l)
5715 \2)

4. When t = 1000 years,

= 5E[Ir|i:l.-'2fl_-"1‘1 (RIS

1

= 443 g
6. When t = 10,000 years,

v = .—wﬂqt1.-'2],.-‘57|.=]-:1||.||m'|

7. = 1498



Complete the table for the radicactive isotope.

Half-Life  Initial Amount After  Amount Afrer
Isotope  (in years) Quantity 1000 Years 10,000 Years

41

43

Mpy 24,100 21g

|

I

e

Ly

8]

oo

. Rince the half-life is 24,100 years.

— |E.,ﬂ.i2-1.l-!'ll'l:l

1| —

a1 )
K= 500 ]"(2 :
. Since there are 2.1 grams after 1000 years

. l-:'l!,[l:u-!I.-'Z'I-_.-'2'1.l|J‘!'IJIIﬂ"“ll

C =216l
Thus, the initial quantity is approximately 2.161 g,
When 1 = 10,000,

— lﬁli,ﬂnn,-'h.-'ﬂ.um]l 13,08

= 1.62 g.

Radioactive radium has a half-life of approximately
1599 vears. What percent of a given amount remains
after 100 years?

y={eM

| )
Ef = [Ch159)

k= 15I99 '"(%)
When t = 104,
y = (elintl /217 15989] 100}
= 09576 C
Therefore, 95.76% remains alter 1O vears.
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Complete the table for a savings account in which
imterest 15 compoundad continuonsly.

Initial Anmnnal  Time to Amount After
Investment  Rate Double 10 Years
B 1000 6%

I. Since A = 1000, the time to double is given by
2000 = 1000 and we have

:- 2 = 'E,J!.l.':)!'a’

5 In2 = 0060

In2
Y
5 = | 1.55 years.

6. Amount after 10 years:
A= H‘Hh,-:f:-.f!ﬁllllll
7. =531822.12

Complete the table for a savings account in which
imterest 18 compounded continuously.

Irnitial Annnal — Time to Amount After
Investment  Rate Double 10 Years
$750 7y

| Since 4 = 750e™ and A = 1500 when 1 = 7.75, we
have the following.

201500 = 7506775

,1 i In2
== 1.75
4, = [).0894
5. = $.04%

o Amount after 10 years;
A _ ?SWUWUHHH
1. == 5%1833.67
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Complete the table for a savings account in which
interest is compounded continuously.

Initial Annnal Time to Amount After
Investment  Ruare Dowhle 10 Years
500 $1292.85

I, Since A = 500e" and A = 1292 85 when ¢ = 10,
we have the following.

2. 129285 = 500"

: _ In(1292.85/500)
i 10

4, = (01,0950

5, = 9.50%

f+. The time to double is given by
]{Iﬂ — Sm‘._):i'l)‘-.l."_hll.r

i In 2
! =
0.095
8. = 7.30 years.

Find the principal P that must be invested at rate r,
compounded monthly, so that $5300,000 will be avail-
able for retirement in ¢ years.

FETRE, =20

(75 (22
| 500,000 = P(r 4 807 )
12
075240
) P=.">DD,D{II'(T +”?§ )
3 ~ $112.087.09
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Find the principal £ that musi be invesied at rate r,

compounded monthly, so that $500,000 will be avail-
able for retirement in 1 years.

r=8%, =135
[12135]
I 500,000 = F(T + ngﬁ)
420
2 F= 5Dﬂﬂm(1 + ﬂlgg)
3 = $30.688.87
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Find the time necessary for $1000 to double if it
is invested at a rate of » compounded (a) annually,
i by monthly, (o) daily, and (d) continuously.

F=T%

| (a) 2000 = 1000(1 + 0.07)

2, 2 =107
3 In2 =rln 107
In2
. "o
3, = (.24 years
ALl
6. (b) 2000 = |mn(| + %)
D_DD'?’ 120
2 = (1 p )
.07
B, =12 R
& In 2 ]_.lfln(l + IE)
0 i In2
12In(1 + (0.07/12))
10, = 9,93 years
0,07 s
1 2000 = +
(c) 2000 |+:m(1 m)
5 ﬂ_ﬂ?):ﬂ'ﬁr
- i -
2 (; s
3 007
3 = 165
! In2 Eﬂhrln(l + 365)
14 e W2
' 365 In(1 + (0,07/365))
13 = 9,90 years
16 (dy 2000 = 1000 0T
17, 7 = GO
ia. In2 = 0.07r
19 P = E
: 0.07
24 = 9,90 years



Find the time necessary for $1000 1o double if it
is invested at a rate of » compounded (a) annually,
(b monthly, (c) daily, and {d) continuously.

r=8.5%

l. “” 2000 = “IHJ{I + U.DESJ-'

2 2 = 1,085
3 In2 = tinl.085
In 2
* = in 1.083
5 = .50 years
12¢
pl {:I_{}SS [/
= 0.085
8. In2—12;1n(|+ T )
L | In2
' ; szl HE
2 In(l + @J
12
10. = 818 years
0,085 *%
. {c) 2000 = |m0(] * )
i) _ 1.085 3554
- o (1 T 363 )
0.0085
I3, In 2 —365r]n([ +ﬁ)
_ . w2
. "= 365 ln(l n_nﬁ_-s)
365
5. = 8.16 years
6, (d)y 2000 = 100085
17 7 = hOES!
I8, In2 = 0.085¢
19 ;= In2
' 0.085

20. = 815 years
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The population (in millions} of a country in 2001 and
the expected continuous annual rate of change & of the
population for the years 2000 through 2010 are given.
(Sowrce: U8, Census Burean, International Data Base)

(a) Find the exponential growth model P = Ce* for the
population by letting ¢ = 0 correspond to 2000,

by Use the model to predict the population of the
country in 2015,

ic) Discuss the relationship between the sign of & and
the change in population for the country.

Countiy 2000 Population k

Bulgaria 1.7 —0.004

[ ay P =™

2 = (g OAEr

3 P(1) =717

4. = (e IMNENL]

5. C = 77696

6 P = 7.7696e "

7. (b) Fort = 15, P = 7.7606e VWIS
5. = 0,79 mllion.

U {g) If k = 0, the population is decreasing,
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The population (in millions} of a country in 2001 and
the expected continuous annual rate of change & of the
population for the years 2000 through 2010 are given.
(Sowrce: LS Census Burean, Iivernational Darg Base)

{a) Find the exponential growth model P = Ce for the
population by letting ¢ = 0 correspond to 2000,

by Use the model to predict the population of the
country in 2015,

ic) Discuss the relationship between the sign of & and
the change in population for the country.

Countiry 2001 Population k
Jordan 5.2 0.026
. ta) P=Ce"

3 = (i

3. 5.2 = Pil)

4. y cﬁ,ll.l’lit:ll'l

T, O = 50065

A P = S.Uﬁﬁﬁfﬂ"m"

7. (by Fort = 15, P = 5.0663M000F)
8. = 7 48 mllion.

Iofc) For & = (), the population is increasing.
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One hundred bacteria are started in a culture and the
number A of bacteria is counted each hour for 5 hours.
The results are shown in the table, where ¢ is the time
in hours.

! 1] 1 2 3
N 0D | 126 | 151 | 198

3

(]
= -
L

297

ia) Use the regression capabilities of a graphing utility
e find an expenential mode] for the data.

by Use the model to estimate the time required for the
population o quadruple in size.

I a) N = 100.1596(1.2455)
2 by N = 400 when r = 6.3 hours {graphing utility)
3 Analytically,

400 = 100.1596(1.2455)
400
4SRN =
4. 1.2455 100.1596
5. = 3.9936

£, rin 1.2455

In 3.9936

; _ I 39936
o In 1.2455
8 == 5.3 hours.
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The management at a certain factory has found that a
worker can produce at most 30 uniis in a day. The
learning curve for the number of units N produced per
day after a new employee has worked r days is

N = 30(1 — ¢"). After 20 days on the job, a particular
worker produces 19 units,

ia) Find the learning curve for this worker,

{by How many days should pass before this worker is
producing 25 units a day?

1. {a) 19 = 30(1 — &¥*)
2, 30 = 11

, ¢ — In(11/30)

- 20

4 = —0.0502

5, N == SI:H'I - i:-.ﬁ.‘iﬂlr}

6. (b) 25 = (] — e O05MRr)
1

00502 =

6

Y —Int
—0.0502

B = 36 days



The table shows the population F (in milliens) of the

United States from 1960 o 2000, (Sewrce: LS,

Censis Bureau)

Year

1960

1970

19%0

1959

Population, P 181

203

228

250

fa) Use the 1960 and 1970 data to find an exponential
model P, for the data. Let r = O represent 1960,

by Use a graphing utility 1o find an exponential model
P, for the data. Let ¢ = 0 represent 1960,

ic) Use a graphing utility to plot the data and graph
both models in the same viewing window. Compare
the actual data with the predictions. Which model
better fits the data?

iy Estimate when the population will be 320 million.

L. {a)

ol

P, = Ce"

181
181t

1
=:-k—m

= (.01 245

205

]H(E{}S
181

P, = 1810012451
= |R1{1.01253)

)

{by Using a graphing utility,

P, = 182.3248(1.01091)

Y, {c) oo

I}

] =0

The model P, fits the data better.

11, (dy Using the model P,,

320

320
1823248

{1.01001)

182 3248(1.01091)

_ In(320/182.3248)

In(1.010691})

== 51.8 vears, or 2011,




The level of sound 3 {in decibels), with an intensity
of [ is

Bl = 101log,, I
III

where I, is an intensity of 10 ' watts per square cen-

timeter, corresponding roughly to the faintesi sound that

can be heard. Determine S(7) for the following.

{a) 1= 10" watts per square centimeter (whisper)

(by I = 10" walls per square centimeter (busy street
corner)

{c) = 10" "% watts per square centimeter (air hammer)

idy 1 = 10 * watts per square centimeter (threshold of
pain

1|:| 14
I ia) ﬁ“ﬂ Id} = lﬂlﬂglum
2. = 20 decibels

¥

Joiby BU107Y) = 10 Iugl,,w

=
Il

T0 decibels

6.5

s 10
icy pl10 %) = 10log,, 1w

N

i, = 95 decibels
. " 1o
ody BUIg Ay =10 |ﬂ.§5u.—|0 T
s, = 120 decibels
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The value of a tract of tmber is
Vie) = 100,000 1

where ¢ is the time in vears, with r = 0 corresponding
to 1998, If money earns interest continuously at 105,
the present value of the timber at any time 7 is

Alr) = Ve "™ Find the year in which the timber
should be harvested to maximize the present value
function,

. Alf) = Wie ™1
2 = 100000608 1g 0100
1 = [ 0000081 0.10r

i ot = lmm(){ui - l}Jﬂ)eJ-l-ﬁ-\-": 0.0y
dr St

& = ) when 16.

6. The timber should be harvested in the year 2014,
(1998 + 16).

. Note: You could also use a graphing utility to graph
Alr) and find the maximum of A(f). Use the viewing
rectangle 0 € x < 30and 0 = y < 600,000.



When an object is removed from a fumace and placed
in an environment with a constant temperature of 30°F,
its core emperature is 1500°F. One hour after it is
removed, the core femperature is 1120°F. Find the core
temperature 5 hours after the object is removed from
the fumace,

o

i

v

Since = = vy — 80}

1
L_m¢—ﬁm

In(y — 80) = kt + C.

. When ¢ =0, v = 15(KL
. Thus, © = In 1420,

Whenr=1,v= 1120

7. Thus,

73

K1) 4+ In 1420 = In(1120 = 80)
k= In 1040 — In 1420

In E
142

IF

. Thus, y = 1420000414210 3+ go,

When t = 5, y = 379.2°,

Determne whether the statement 15 true or false.
If it is false, explain why or give an example that
shows 1t 15 false.

In exponential growih, the rate of growth is constant,

False

2OIFy = Ce¥, v" = Cke® # constant,

75



Determine whether the statement is true or false.
If it is false, explain why or give an example that
shows it s false,

IF prices are rising at a rate of 0.5% per month, then
they are rising at a rate of 6% per vear.

I, True



The table shows the population F (in milliens) of the

United States from 1960 o 2000, (Sewrce: LS,

Censis Bureau)

Year

1960

1970

19%0

1959

Population, P 181

203

228

250

fa) Use the 1960 and 1970 data to find an exponential
model P, for the data. Let r = O represent 1960,

by Use a graphing utility 1o find an exponential model
P, for the data. Let ¢ = 0 represent 1960,

ic) Use a graphing utility to plot the data and graph
both models in the same viewing window. Compare
the actual data with the predictions. Which model
better fits the data?

iy Estimate when the population will be 320 million.

L. {a)

ol

P, = Ce"

181
181t

1
=:-k—m

= (.01 245

205

]H(E{}S
181

P, = 1810012451
= |R1{1.01253)

)

{by Using a graphing utility,

P, = 182.3248(1.01091)

Y, {c) oo

I}

] =0

The model P, fits the data better.

11, (dy Using the model P,,

320

320
1823248

{1.01001)

182 3248(1.01091)

_ In(320/182.3248)

In(1.010691})

== 51.8 vears, or 2011,







