FUNCTIONS

Exponential Functions

_ Concept Questions
1. f(x)=b"withh > Oand b # 1.

page 342

EXPONENTIAL AND LOGARITHMIC |

2. a, y=0%b>0,b 1 has domain (—oo, co) and range (0, c0).

b. The y-intercept is 1.

¢. The function is continuous on (—o0, 00).

d. The function is increasing on (—o0, c0) if & > 1 and decreasing on (—oo, c0) if b < 1.
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6a* 4 2 4p=*
- —4+3 _ -1 = __lp—4+46 __ 112

11. a. 373 =2a = 2a = b. 12b_6—3b = 3b°.

12. a. y3/253 = y(—3/2)+(5/3) _ y1/6' b, x=3/5x8/3 — x(=3/9+®/3) = x31/15,

13. a. (23c3y2)3 =23 x %33 x y203) = 8x%y0, b. (4x2y223)2 =42. x20) . 20 . 3D = 16x4y*20.

14, 8, ()77 = 5O = x, b, (x=bla) " = (ba) = 5.
50 1 26x6  64x® x+»)x—y)

15. a. (2—3x—3y2)2 = 2—3(2)x—3(2)y2(2) = y4 = y4 . N ——-(;T’;—)O—— = (x +y) (x - y)
—m—2 _ _ 1/3 1/3

16 (am .a n) _ a 2m ,a2n _ a—2m+2n—2(m+n) _ _1_ b x2n 2y2n / _ y3n / _ yn

* (a’"+”)2 q2(m-+n) ghm= " x5n+1y—n X343 ¥+

17. 6% = 6% ifand only if 2x = 6 or x = 3.

18, 5% = 5% ifand only if —x =3 orx = —3.

19. 334 = 3% ifand only if 3x — 4 = 5,3x = 9, 0rx = 3.
20. 10%~1 = 10"+3 ifand only if 2x — 1 =x +3,0rx = 4.
21. (2.1)**2 = (2.1)° ifand only if x +2 = 5, or x = 3.
22, (—1.3)""2 = (=1.3)>**! ifand only if x — 2 = 2x + 1, or x = =3.
x=2 —
2.8 = (%) L (@) =06 = (27) L 502¥ =290, 3 = 10 5x, 8x = 10, 0rx = .
1 -
24, 3 = o = (3%)™" = 37% This is true if and only if x —xl=-2%,x>-3x=x(x—3)=0,s0x =0or3.
25. Let y = 3*. Then the given equation is equivalent to y2 =12y +27=0,0r (y —9) (y —3) =0, giving y = 3 or 9.
So 3* =3 or 3* =9, and therefore, x = 1 orx = 2.
26. 2% —4.2% +4=0,2°)2 —4(2")+4=0.Lety =2%,50 > —dy +4 = (y ~2)> =0, 0r y = 2. Thus, 2* =2,
orx = 1.
1\* 1\* 1\*
27. y =25,y =3%,and y = 4*. 28, y= (5) Y= (g) ,and y = (3) .
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29. y=2""y=3"Fandy = 47",

5.1 EXPONENTIAL FUNCTIONS

30. y =495 and y = 4705,

35. y=05e"", y=e*,and y = 2¢7",

y=e”
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36. y=1—e*andy=1—e¢

~0.5x

—t

37. Because f (0) = A = 100 and f (1) = 120, we have 100e* = 120, and so ef = 12 = %. Therefore,
£ () = 1004 = 100 (¢¥) = 100 (§)

X

1
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38, Because £ (1) =5, de ¥ =5ande™* =
25
(%)

1000
. = 20 implies that
39. £(0) implies tha T8

50
:7,———
4

=7,andso 4 = 3. Finally, f (3) = 34e™% =34 (et =3 (

97

——, and finally e™*

147°
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f(t) = W Next, f(2) = 30, SO
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=— =] = = =
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. Next, f(2) = 7 and so 24e~2 =24 (e”k)z =24 (Z) =17,
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= 20, so 1000 = 20 + 20B, or B = >0 = 49. Therefore,

1000 100

= 30. We have 1 + 49¢= 2% = —,

97 \'/2
- (m) . Therefore, f () =

30 3
1000

_— = 80
72’
1449 (194—77)

40. a. The average number of viewers in the 2011 season was f (1) = 32.744e70252(D) =~ 25.450, or approximately
25.450 million.

b. The average number of viewers in the 2014 season was f (4) = 32.744¢=9252) = 11.950, or approximately
11.950 million.

41. a. f (1) = 64e0-18% b. gy
t 0| 1 2 3
f@) | 641772932 1125
0
42. a. f (1) = 1050095 b.
200
t 1 2 3 4 5 6
F() | 1155 | 127.0 | 139.6 | 153.5 | 168.8 | 185.7 0
0
43. a. The number of internet users in 2005 was f (1) = 115.423, or b.  y(mn)
115,423,000. In 2006, it was f (2) = 94.5¢%2?) ~ 140.977, or 300
140,977,000, The number of internet users in 2010 was 200
f (6) = 94.5¢'2 ~ 313.751, or 313,751,000.
100

1 2 3 4 5 6100
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385.474 . . 385.474
T3 2521002 ) 5521e_0.21 Tl The number of cellphone subscribers in 2000 was N (0) = m ~ 109.48, or
385.4

1+ 2.521—0.214(12)

N@) =

=2 322.96, or approximately

approximately 109.5 million. The number in 2012 was N (12) =
323.0 million.

355 35.5 vys
N (t) = W’ so N (6) = W =~ 342056, or 34.21 million.
a. The initial concentration is given by d. x (g/em’)
x (0) = 0.08 +0.12 (1 — ¢70929) = 0,08, or 0.08 g/cm”. 0.2

b. The concentration after 20 seconds is given by

0.11
x (20) = 0.08 4 0.12 (1 — ¢~%922%) = 0.11956, or 0.1196 g/cm’.

¢. The concentration in the long run is given by ey
. . 0.02 3 Ol 40 80 120 160 200 (sec)
lim x (1) = lim [0.08 +0.12 (1 —¢~%9%)] = 0.2, 0r 0.2 g/cm’.
{00 {—00
a. The initial concentration is given by C (0) = 0.3 (0) — 18 (1 — e~%%%), or 0 g/em’.
b. The concentration after 10 seconds is given by C (10) = 0.3 (10) — 18 (1 — ¢~1%/6%) = 0.23667, or
0.2367 g/cm?>.
¢. The concentration after 30 seconds is given by C (30) = 18e30/60 — 12¢=30-20)/60 — (0 75977, or
0.7598 g/cm?>.
d. The concentration of the drug in the long run is given by lim C (1) = lim (18e™//60 — 12¢=(=20)/60) = 0,
=00 {—oo

a. The amount of drug in Jane’s body immediately after the second b. A
doseis 4 (1) = 100 (1 +e!*) e= 141 =100 (e714 + 1), or 120
100+ !
approximately 124.66 mg. The amount of drug in Jane’s body after 204 I
[
2 daysis 4 (2) = 100 (1 + e#) e714®) ~ 30.741, or 601 \ 1
i
approximately 30.74 mg. The amount of drug in Jane’s body in the ;g :
o . . T 14y 147 __ } +
long run is given by lim A () = lim [100 (1+¢'4) e 4] =0, ] B S S
or 0 mg.
False. Take @ = b = x = 2. Then the left-hand side is (2 + 2)? = 16, but the right-hand side is 2% + 22 = 8.

True. f (x) = ¢ is an increasing function and so if x < y, then f (x) < f(y),ore* <e”.

True. If 0 < b < 1, then f (x) = b* is a decreasing function of x and so if x < y, then f (x) > f (y); that is,
b > b,

False. Take k = x = —1. Then k < Oandx < 0,but &** = ¢! > 1,

True. If k > 0, then f (x) = ¥ = (eF)" = b* (where b = ¢ > 1) and so f is increasing, If k < 0, then
S (x) = (e¥)" = b* (where b = ¢* < 1)and so [ is decreasing.

True. The functions g (x) = x and A (x) = 1 + ¢* are both continuous on (—o0, 00). Furthermore, / (x) > 1 # 0,
so the quotient /' = g/# is continuous on (—o0, 00).
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