m Exercises
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1. {a) Write an equation that defines the exponential function
with base a == 0.
(&) What 15 the domain of this function?
{c} If a # 1, what 15 the range of thus function?
{d) Sketch the peneral shape of the graph of the exponential
function for each of the following cases.
(i) a=1 (W) a=1 (o) 0 <a=1

2. (2) How 15 the number e defined?
(b) What is an approximate value for &7
{c) What is the natural exponential function?

@ 3-6 Graph the given funchions on a commeon scereen. How are

these graphs related?
3 y= 27 y= e, y= 57, y= o

L y=¢" y=¢" y=8, y=87"

s y=3 y=10n y=(F y= @)
B y=09% y=06" y=03, p=01°

17-18 Find the exponential fanction fix) = Ca* whose zraph

is given.
17 i ; 18 vy
(3, 24]};' Y
/ 2
s W
(.6 / \ 2
I'_.J‘" ~_ (29)
0 x 0 X

19. Suppose the zraphs of f(x) = x” and glx) = 2" are drawn on

7-12 Make a rough sketch of the graph of the function. Do not
use a caleulator. Fust use the graphs given in Figures 3 and 12
and, if necessary, the transformations of Section 1.3,

1. y=10"" g y=1(03)"-2
9, p=-277 1 y= el*l
My=1—1e" 12y =201 —e)

a coordinate grid where the umt of measurement 1= 1 inch.
Show that, at a distance 2 fi to the right of the origin, the
height of the graph of [ is 48 ft but the height of the graph of
g 15 about 265 mu.

FH 20. Compare the finctions fix) = x* and g{x) = 5" by graphing

both functions in several viewing rectangles. Find all points
of infersection of the graphs comect to one decimal place.

13. Startmg with the graph of y = ¢, winite the equation of the
zraph that results from
{a) shufting 7 wmts dowoward
(k) shifing 2 units to the nght
{c} reflecting about the x-axs
(d) reflecting abowut the y-axis
(2) reflacting about the v-axs and then about the y-axis

14. Starting with the graph of y = ¢, find the equation of the
zraph that results from
(a) reflecting about the line y = 4
(b) reflecting about the line x = 2

15-16 Find the domain of each funchon

e” 1+ x

15. {a) flx) = 11__— ) filx) = =

E‘1 x

16. (a) g{) = =in(e ") ®) gl =1 -2

Which funchion grows more rapidly when x 15 large?

ﬁ 21. Compare the finctions f{x) = x" and g{x) = &” by graphing

both fand g in several viewing rectangles. When does the
zraph of g finally swrpass the graph of /7

e* = 1,000,000,000.

72-30 Find the limit.
2. lim (1.001)"

. e — g™
5. lim _

-

277 lLim &%

.

2. lim (& * cos x)

ﬁ 22. Use a graph to estimate the values of x such that

2. hm (1.00LF

e

26. bm & 7

v

B lim 7

x—k

3. lm e=-

F e i

31-50 Differentiate the function.
N fix)=&°

1 Ax) = (2 + Ix)e”

3B ="

R k)= +r

1-&

3. y=r¢c "cosdst
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1

. L
I y=xe n oy e
M. M) =&l 8. At = sinle’) + o=
N Fg == 2 y=x'e "
8oy=1+2e “ y= g
&y -

¥=e B —

ac” + b P

1. y= 48 v=1+ Ir

Y+ d N =

5. A = sm (&™)

51-52 Find an equation of the tangent line to the curve at the

1. _y=e1"ccrs wx, (0,1) 52, _}-‘=E—, (1. e
x

5. Fmnd ¥/ ife"y=x -

5. Fmd an equation of the tangent line to the curve
xe" + ye” = 1 at the pomt (0, 1).

55, Show that the funchion y = " + & 2 catisfies the differen-
tial equation 23" — ' — y=10.

B6. Show that the function y = Ae * + Arve * satisfies the differ-
ential equation 3" + 2y" + p= 0.

51. For what values of r does the function y = &™ satisfy the
equation ¥" + 6 + By =07

58. Find the values of A for which y = e satisfies the equation
¥ +J_.r =J_.n_

B9, If f{x) = ™, find a formula for Y x).

60. Find the thousandth derivative of flx) = xe =

B61. (3a) Use the Intermediate Value Theorem to show that there 15

a root of the equation " + x = 0.

(b} Use Newton's methed to find the root of the aquation in
part (a) comrect to s1x decimal places.

@ 62 Use a graph to find an imtial approxmation (fo one decimal

place) to the root of the equation 4e “siny = x" — x + 1.
Then use Newton's methed to find the root cormrect to eight
decimal places.

63. Under certain circumstances a mumor spreads according to
the equation

_r

1+ ae ™

pl) =

where g1} is the propertion of the population that knows
the rumor at time ¢ and & and & are positive constants. [In
Section 9.4 we wall see that this 15 a reasonable model
for plr).]

(3) Find lim, .. p{r).

(b} Find the rate of spread of the rumor.

() Graph pfor the case 2 = 10, k = 0.5 with f measured in
hours. Use the graph to estimate how long 1t wall take for
80% of the population to hear the rumer.

E B84, An object 15 attached to the end of a vibrating spring

and 1ts displacement from its equilibnium position 15

¥ = Be "*sin 4¢, where ¢is measured in seconds and y is

measured m centimeters.

(2} Graph the displacement funchon together with the
functions y = &2 ** and y = —8e “*. How are thass
graphs related? Can you explain why?

(b) Use the graph to estimate the maximowm value of the dis-
placement. Dioes 1t ocour when the graph touches the
graph of y = 8Be 27

() What 15 the velocity of the object when it first returns to
1ts equilibrium position?

(d) Use the graph to estimate the time after which the
displacement 15 po more than 2 cm from equulibrmm.

65. Find the absolute maxmmum value of the funchon
fix)=x— e

86. Find the absolute mimmmm value of the function
glx) = efx, x> 0.

G7-68 Find the absolute maximum and absolute mimmum values
of fon the given interval.

6. flx)=xe *% [-1.4] 68 fixl =x% % [-1.6]

6970 Find (a) the intervals of merease or decrease, (b) the mter-
vals of concavity, and (c) the points of inflection.

e’

B9. flx) = (1 — e~ . fix) =—

T1-73 Discuss the curve using the guidelines of Section 3.5,
1t 1)

Ny=e
By=101+e")

L y=e"smy, 0=x=1lr

M. Let g(ﬂ =& + flx) and hix) = j'.f'[x]': where f10) =3,
fl0) =35, and F(0) = 2.
() Find g'(0) and 5"(0)} m terms of c.
(b) In terms of &, find an equation of the tangent line to the
graph of h at the pomnt where x = 0.

15, A drug response curve deseribes the level of medication m
the bloodstream after a drug 15 administered. A surge fune-
tion S(¢) = At"e ' is often used to model the response curve,
reflecting an imtial surge in the drug level and then a more
gradual declina_ If, for a particular dmg, A = 001, p =4,
k= 0.07, and ¢ 15 measured 1n mmutes, estimate the times
corresponding to the inflachion points and explain their
sigmficance. If you have a graphing device. use it to graph
the drug response curve.

ﬁ 76-77 Draw a graph of f that shows all the important aspects of

the curve. Estimate the local maximom and mmimum vahes and
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then use caleulus to find these values exactly. Use a graph of "
to eshmate the inflection pomts.

. fix) = ™~ 1. fix) = g

T8. The fanuly of bell-shaped curves
1

R g lra
o 2w

ik ¥)

ocours in probabality and statishes, where 1t 15 called the nor-

mal density funciion. The constant p 15 called the mean and

the positive constant o 15 called the standard deviation. For

simplicity, let’s scale the function se as to remove the factor

lf{ﬂ' \'2_1?:] and let’s analyze the special case where p = 0.

Sowe study the fimction fx) = ¢ =

{2) Find the asymptote, maximum value, and inflection
pomts of £

(&) What role does o play in the shape of the curve?

{c) INustrate by graphing four members of thus farmily on the

Same SCIeen.

79-90 Evaluate the integral

78. J.;' (x* + &) dx s {jsedx

- i', 82 [ xcrdx
B [VTF e dr u[—— ate
B [(er+edr m{e={4+eﬁ$¢z
. fe"‘"' seclx dx 8. { e* cosle’) dx
0. | i dx %0. L"'q:zm

1. Find, correct to three decimal places, the area of the region
bounded by the curves y =&, y = e and x = 1.

9. Find Ax) if Fx) =3+ Ssinx, A0) =1, and A0) =2
93. Find the velume of the solid obtamed by rotating about the

x-axis the region bounded by the curves y = &%, y =0, x = 0,

and x = 1.

9. Find the volume of the solid obtained by rotating about the
y-axis the region bounded by the curves y = e <, y=10,
x=0,and x = 1.

95. Tke error function

erflx) = —— {'e e
AT 0

15 used in pcmbﬁilitjg statishics, and engmeenng. Show that

E’ e " dt =%\-"1? [erf(b) — exfla)].

403
96. Show that the function

¥ =e"ef(x)
satisfies the differential equation

¥ =2y + 2T

97. An o1l storage tank ruptures at time ¢ = 0 and oil leaks from
the tank at a rate of i ) = 100e *™ liters per minute. How
much oul leaks out durmg the first howr?

08, A bactena population starts with 400 bacteria and grows at a
rate of rif) = (450.268)"' ™™ bacteria per hour. How many
bacteria will there be after three hours?

8. If flx) = 3 + x + e find (£ ')4).

snx _ g

100. Evaluate lim —

—r X — W

[ 101, If you graph the function

)

flx) =

s
1+E|r'

vou'll see that £ appears to be an odd function. Prove 1t.

@ 102. Graph several members of the family of funchions

1
flx) = ———
x) 1+ ae™
where a = 0. How does the graph change when b changes?
How does it change when a changes?

103. (a) Show thate*"= 1 + xif x = 0.
[Hini: Show that f{x) = e — (1 + x) 15 increasing
for x = 0]
(b) Deduce that $ = [} e”dr = e

104. (3) Use the inequality of Exercize 103(a) to show that, for
x=10

t]

:'=1+x+;x1

(b) Use part (3) to improve the estmate uc['_lcl e dy FIVen m

Exercize 103(k).

105. (2) Use mathematical induction to prove that for x =
any posifive integer

0 and

x* n n x
2! n!

e=1+x+

(b) Use part (a) to show that e > 2.7.
() Use part (a) to show that

hm—=1m=
.--.-wxj

for any posifive integer &.



