Chapter 6

Exponential and Logarithmic Functions

6.7 Growth and Decay; Newton’s Law; Logistic Models

1. P(t) = 500>

Find t when P =1000: Find t when P = 2000:
1000 = 500e%%! 2000 = 500e%%!
2 - e0.02t 4 - e0.0Zt
I n2=0.02t | n4=0.02t
t_%%;»sudays t—%’»&sdays
2. N(t) =1000e*"
Find t when N =1500: Find t when N = 2000:
1500 = 1000e***" 2000 = 1000e*%*
15 - eO.Olt 2 - eO.Olt
In1.5 = 0.01t | n2=0.01t
In1.5 _In2
t= oot > 40.55 hours t = 0L 69.31 hours
3. Find twhen A(t) = 5 A;: 4. Find twhen A(t) = 5
%A() - A)e- 0.0244 t %A() - A)e- 0.087 t
% - 0.0244 t % - 0.087 t
In5 = - 0.0244t In5 =- 0.087t
In3 In3
t= 50007 > 28.4 years t=- 5057 > 7.97 days

5. Use N(t) = N,e“ 'and solvefor k:
1800 = 1000e*®

1.8=¢"
k =In1.8» 0.5878
Whent =3:

N(3) = 1000e>*"*® = 5832 mosquitos
Find t when N(t)=10,000
10,000= 100057 ¢
10 = 5878 t
In10 = 0.5878t
In10

t_05878 » 3.9 days
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6. Use N(t) = N,e“ ' and solvefor k:
800 = 500e"?
1.6=¢€"
k = In1.6 » 0.4700
Whent=5:
N(5) = 500€™*7%°® = 5243 bacteria
Find twhen N(t)=20,000
20,000= 500e%47 !
40 = 470 t
In40=0.4700t

{ = In40

= m » 785 hourS

7. Use P(t) = P,e"'and solvefor k:
2P, = P9
2 - e1.5k
In2 =1.5k

_In2
k—E»OAﬁZl

Whent=2:
P(2)=10,00@***? = 25199 isthe population 2 years from now.

8. Use P(t) = P,e"'and solvefor k:
800,000= 900,008"@

8 _
g=¢
8 _
In§—2k

In§
k= — »- 0.05889

When 't = 4:
P(4)= 900,00@*®*® = 711,115 isthe population in 1997.

9. Use A= Ae“'andsolvefor k:
% A, = A)ek(l690)
% - e1690k
In4 = 1690k

k= %%&f» - 0.00041

When A, =10and t = 50:
A = 10e *%°°*®% = 9 797 grams
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Section 6.7  Growth and Decay; Newton's Law; Logistic Models

10. Use A= Ag€"'and solvefor k:
Jz'Ao — A)ek(ls'log)

1 _ . 1310%
5 =€

IN3=13" 10% ® k =—n9:
13710

»-5.3319" 10"

When A, =10and t =100: A =10e >% ©™ (19 - 9 999999467 grams

When A, =10and t =1000:

11. Use A= Ag€"'and solvefor k:
%Ao - A)ek(5600)

— A5600 k
5=e

In = 5600k

=1n0.3 0000124

<= 5500
Solve for twhen A = 0.3A,:
03A0 - Aoe— 0.000124 t

0 3 —e 0.000124 t

In0.3= -0.000124t
t=_1n0.3
= 0.000124
» 9709 years ago

13. (@) Usingu=T+(u,- T)& ‘wheret =5,

T =70, u, = 450, u = 300;
300 = 70+ (450- 70)e®
230 = 380e™

0.6053 = e%*
5k =1n0.6053

k = ln&%‘?)» - 0.1004

A =10e 519197 (190 - g 999994668 grams

12. (8 Use A= Ag€"“'and solvefor k:

%Ao = A)ek(5600)

1 — A5600 k
5=€
In$ = 5600k
k= paos - 0.000124
Solvefor twhen A=0.7A,:
07A0 - Abe— 0.000124 t
O 7 — e—0.000124 t
In0.7=-0.000124t
t=_1n0.7
- 0.000124
» 2876 years
Thefossil is 2876 years old.

T=70, u,= 450, u=135:
135 =70+ (450~ 70)e 1%
65 - 38%_ 0.1004 t

0.17105=¢ 1!
-0.1004t =1n0.17105
_1n0.17105

- 0.1004

»17.6 minutes

The pizzawill be cool enough to eat at 5:18 p.m.

() T=7 u,=480, u=160

160 =70+ (450- 70)e "'
00 = 380 0.1004 t
ﬂ —e 0.1004 t

380

wgo O -0.1004 t
In8—+: Ine =-0.1004 t
3809

2890 0
"&380 2
- 0.1004

|
» 14.35 minutes

The pizzawill be 160°F after about 14.3 minutes.
(c) Astime passes the temperature gets closer to 70°F.
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14. (@ Usingu=T+(u,- T)e ‘wheret =2,
T=38 u =72, u=060:

60 = 38+ (72 - 38)e"?

22 = 34>
0.6471 = & _ _ .
2k =1n0.6471 T=38 w=r2t=7 0.2176(7)
In0.6471 u=38+(r2- 38)e ™

K==——>-02176 U =38 +34e 12 » 45 4°F
After 7 minutes the thermometer reads 45.4°F.

(b) Find twhenu =39°F
39=238+ (72- 38)g *4"°!
1= 34e— 0.2176 t

0.02941=¢ *#""
- 0.2176t =In0.02941

= langA'l »16.2 minutes
- 0.2176

(c) Find t when u= 45°F

45= 38+ (72- 38)e **"°!

7: (34) e— 0.2176 t ® _7 :e-0.2176t
34
e 0
. n -
&7 0
|ngl+:lne‘°'2”‘5t =-0.2176t® t= 8340
340 -0.2176

The thermometer will read 45°F after about 7.3 minutes.
(d) Astime passes the temperature gets closer to 38°F.

» 7.26 minutes

15. Usingu=T+(u,- T)é ‘'wheret = 3
T=35 u =8, u=15:

15 =35+ (8- 35)e‘®

- 20 =- 27e%*
0.74074 = &*
3k = In0.74074
Kk = '”0'—;407 4 - 0.100035
Att=5:
u =35+ (8- 35)e %1% = 1863°C
Att=10

u=35+(8- 35 ¥**0) =251rC
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16. Usingu =T+ (u,- T)e ‘wheret =10,
T=70, u, =28, u=35:
35=70+(28- 70)e™
- 35 = - 42¢"¢
0.83333 = "%
10k =1n0.83333

k = '”0'1%3» - 001823

At t=30:
u =70+ (28- 70)e % 9¥°C% = 45 69°F
Find time for temperature of 45°F:
45= 70+ (28 - 70)e *"3!
_ 25 - _ 42e 0.01823 t
0.59524 = g 7 !
In0.59524 - 0.01823t

t= %A‘» 28.5 minutes

17. Use A= A€"'and solvefor k:
15 = 256+
0.6 =e'
In0.6& 10k

_1n0.6
k= ) » - 0.0511

When A, =25andt = 24:
A = 25¢ *®"® = 7 33 kilograms

Find twhen A =%
05 - 256 0.0511 t

002 - e—0.0511t
In0.02 - 0.0511t
In0.02

t= m » 76.6 hour

18. Use A= Ag€"'and solvefor k:

10 = 406@
0.25 = g2k
1n0.25 2k
k= '”3-25;)- 0.6931

When A, =40and t = 5:
A = 40e % = 1 25 yolts
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19. Use A= Ag€"'and solvefor k: Find twhen A = 0.1A;:
% Ao — Aoek ®) O.IAO - Abe- 0.0866 t
05 - eBk 01: e 0.0866 t
In0.5% 8k In0.1 = - 0.0866t
k= '”80'5%- 0.0866 t= s » 26.6 days

The farmers need to wait about 27 days before using the hay.

20. Usingu=T+(u,- T)e ‘wheret = 2,
T=325 uw =74 u=100:
100 = 325+ (75- 325)e"®

- 225 = - 250e*
0.9 =e*
2k=1n0.9
K=" ”20 -9, - 0.05268

Find time for temperature of 175°F:

175 =325+ (75- 325)e %% !
- 150 = - 250g %05%8 t

06 — e—0.05268 t
In0.6& - 0.05268t
In0.6

t= 055 > 9.7 hours
The hotel may serve their guests about 9.7 hours after noon or at 9:42 p.m.

0.9 09 _09
21 (@ P(0)= e=5wm = Tigg = 7 = 0.1286

(b) The maximum proportion is the carrying capacity, 0.9.

0.9
© 08 = reeo™

0.8(1+6¢ ") = 0.9
1+6e %' =1.125
6e °%t = 0.125

e 0%t = 0,020833
- 0.32t = In(0.020833)

_ In(0.020833)
== »12.1

80% of households will own VCR'sin 1996 (t = 12).

t
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22. (a)
(b)

(©)

23. (a)
(b)

(©)

24. (9
(b)

(©)

Section 6.7  Growth and Decay; Newton's Law; Logistic Models

_ 0.9 09 09 _
P(0)= 17350390 ~ T+354 45 0.2

The maximum proportion is the carrying capacity, 0.9.

0.9
07> = 1 35e ™

0.75(1 +3.5e °-339t) =0.9
1+35e% =12

3.56 %% =0.2

e°%t = 0,05714
- 0.339t = In(0.05714)

_In(0.05714)
t= — 0339 » 8.4 months

Ast® ¥, €**'® 0. ThusP(t)® 1000. The carrying capacity is 1000.

1000 1000

PO g gze ™0 - ;333 ~ %
_ 1000

800 = 1+ 32.33e 04!

800(1 + 32.33¢ ***") = 1000
1+32.33 %' =1.25
32.33¢ ¥ = 0.25

e 0¥t = 0,007733
- 0.439t = In(0.007733)

t= % » 11.076 hours
Ast® ¥, e€*®'® 0. Thus, P(t) ® 500. The carrying capacity is 500.
500 500
P(ZO): 17 833% 0162020) = m » 117.27 or 117
_ 500
30 = T ze ™

300(1 + 83.33¢ **") = 500

1+ 83.33¢ *1%*' =1.6667
83.33e %192t = 0.6667
g 0182t = 0 0080

- 0.162t = In(0.0080)

_ In(0.0080)
t= W » 29.8 years
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