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1 | PRECALCULUS REVIEW

1.1 Real Numbers, Functions, and Graphs

Preliminary Questions
1. Give an example of numbetsandb such thau < b and|a| > |b|.

SOLUTION Takea = —3 andb = 1. Thena < b but|a] =3 > 1 = |b|.
2. Which numbers satisfiu| = a? Which satisfyla| = —a? What about—a| = a?

SOLUTION The numbersa > 0 satisfy|a| = a and| — a| = a. The numberg < 0 satisfy|a| = —a.
3. Give an example of numbetsandb such thata + b| < |a| + |b].

SOLUTION Takea = —3 andb = 1. Then
la+bl=|-3+1=|-2|=2, but la| + 16| =]=-3]+|1|=3+1=4.

Thus,|la + b| < |a| + |b].
4. What are the coordinates of the point lying at the intersection of the line® andy = —4?
SOLUTION The point(9, —4) lies at the intersection of the lines= 9 andy = —4.
5. In which quadrant do the following points lie?
(@ (1.4 (b) (-3.2) (c) 4.-3) (d) (—4.-1

SOLUTION
(a) Because both the- andy-coordinates of the poirl, 4) are positive, the pointl, 4) lies in the first quadrant.

(b) Because the-coordinate of the point—3, 2) is negative but the-coordinate is positive, the poiiit-3, 2) lies in the second
quadrant.

(c) Because thea-coordinate of the point4, —3) is positive but they-coordinate is negative, the poift, —3) lies in the fourth
quadrant.

(d) Because both the- andy-coordinates of the poirt-4, —1) are negative, the poirit-4, —1) lies in the third quadrant.
6. What is the radius of the circle with equatien— 9)2 + (y — 9)2 = 9?
SOLUTION  The circle with equatiorix — 9)? + (y — 9)> = 9 has radius 3.

7. The equationf(x) = 5 has a solution if (choose one):
(a) 5 belongs to the domain of.
(b) 5 belongs to the range of.

SOLUTION The correct response (B): the equationf (x) = 5 has a solution if 5 belongs to the range fof
8. What kind of symmetry does the graph havg'f-x) = — f(x)?

SoLUTION If f(—x) = —f(x), then the graph of is symmetric with respect to the origin.

Exercises
1. Use a calculator to find a rational numbesuch thafr — 72| < 1074,

SOLUTION r must satisfyr? — 1074 < r < 72 + 1074, 0r 9.869504 < r < 9.869705. r = 9.8696 = 12337 would be one
such number.

2. Which of (a)—(f) are true fon = —3 andb = 2?

@ a<b (b) |a] < |b] (€) ab>0

(d) 3a < 3b (e) —4a < —4b ® 1 < 1
a b

SOLUTION

(a) True. (b) False|a| =3 >2=1b|.

(c) False(-3)(2) = -6 < 0. (d) True.

(e) False(—4)(—3) = 12 > —8 = (—4)(2). () True.
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96 CHAPTER 2 | LIMITS

2. Im, fe) =, lm_fs) =3, Jim 1) = -o0

SOLUTION

10

53. Determine the one-sided limits of the functigitx) in Figure 6, at the points = 1,3, 5, 6.

y

L Y I NV}
——

1 o2 s a5 e\ g gx

FIGURE 6 Graph of f(x)

SOLUTION
- lim f) = lim f(x) =3
. Iin;_ f(x) =—00
* xlrg-i- f(X) =4
- lim f(x) =2
* xirg+ S0 =-3
- lim S = lim /() =oo

54. Does either of the two oscillating functions in Figure 7 appear to approach a limita®?

X AV%|,&AX
VTV

FIGURE 7

(A)

SOLUTION (A) does not appear to approach a limitas> 0; the values of the function oscillate wildly as— 0. The values of
the function graphed in (B) seem to settldtasx — 0, so the limit seems to exist.

In Exercises 55-60, plot the function and use the graph to agtithe value of the limit.

sin50

. m .

9—0 Sin26
SOLUTION

Download full file from buklibry.com



Full file at
https://buklibry.com/download/instructors-solutions-manual-calculus-early-transcendentals-2nd-edition-by-jon-rogawski-ray-cannon/
194 CHAPTER 3 | DIFFERENTIATION

h_ 1

56. lim
h|—>0 h

: _5sh—q
SOLUTION  The difference quotlemh— has the form

57. Apply the method of Example 6 t(x) = sinx to determinef”’ (%) accurately to four decimal places.

where f(x) = 5* anda = 0.

fla+h — f(a)
h

SOLUTION We know that

f@/d+h)— f/4) _ sin(rr/4 + h) — v/2/2

"(z/4) = lim lim
f (JT/ ) h—0 h h—0 h
Creating a table of values @fclose to zero:
h —0.001 —0.0001 —0.00001 0.00001 0.0001 0.001
sin(Z + h) — (v/2/2
(3 + ;l (\/_/ ) 0.7074602| 0.7071421| 0.7071103| 0.7071033| 0.7070714| 0.7067531

Accurate up to four decimal placeﬁ,’(%) ~ 0.7071.

58. & Apply the method of Example 6 t#(x) = cosx to determinef/(%) accurately to four decimal places. Use a graph
of f(x) to explain how the method works in this case.

SOLUTION We know that

S (TN o f@/5+h)— f(x/5 . coSF +h)—cos(T)
f (g)_}ll—njo h _hllpo h '

We make a chart using values bfclose to zero:

h —0.001 —0.0001 | —0.00001
coss + h;f —O0S5) | gse7381 | —0.587745 | 0587781

h 0.001 0.0001 0.00001
coss + }2 ~O05) | 588190 | —0.587826 | —0.587789

f/(%) ~ —0.5878. The figures shown below illustrate why this procedure works. From the figure on the left, we see khat@or

the slope of the secant line is greater (less negative) than the slope of the tangent line. On the other hand, from the figure on the
right, we see that fok > 0, the slope of the secant line is less (more negative) than the slope of the tangent line. Thus, the slope of
the tangent line must fall between the slope of a secant line/with) and the slope of a secant line wiith< 0.

y Y.

Tangent line

Tangent line

h=08 h=0:

59. & For each graph in Figure 7, determine whetlfé¢1) is larger or smaller than the slope of the secant line between
x =1landx =1+ & for h > 0. Explain.

y=f(x)

y =f(x)
+ X + X
1 1
A (B)
FIGURE 7
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294 CHAPTER 3 | DIFFERENTIATION

2
1
41 y = xT+ D)
Vx +1
SOLUTION Lety = % Thenlny =Inx +In(x%2 + 1) — % In(x 4+ 1). By logarithmic differentiation
! 1 2x 1
L =
y x  x24+1 2(x+1)
so
,_x(x2+1)(1 2x 1 )
T oUx+1 \x X241 2x+1D)/)7

42,y = (2x + )(4x?)Vx -9
SOLUTION  Lety = (2x + 1)(4x?)+/x — 9. Then

1
Iny =IN@x + 1) +In4x2 + In(x =92 =In@x + 1) + In4 + 2Inx + Eln(x—9).

By logarithmic differentiation

' 2 2 1
+Z4+

y _—— [R—
y  2x4+1 x 2(x-9)’

’_ 2 — 2 g 1
y' = Qx+ 1)(4x )m(Zx-l—l +x +2(x—9))'

_ x(x +2)
By = \ 2x + DBx +2)

SOLUTION Lety = ,/%. ThenIny = %[In(x) +In(x +2) —In(2x + 1) — In(3x + 2)]. By logarithmic differenti-
ation

y 1 1+ 1 2 3
y  2\x x+2 2x+1 3x+2)’

, 1 X(x +2) L, 2 3
YE W+ )Gr+2) \ X Txx2 2ed1 3xt2)

44, y = (3 + D(x* +2)(x° +3)2

SOLUTION Lety = (x3 4+ 1)(x* + 2)(x> + 3)2. Then Iny = In(x3 + 1) + In(x* + 2) + 2In(x> + 3). By logarithmic
differentiation

SO

y'  3x2 N 4x3 N 10x*
y  x341  x4+42  x543

SO

3x2 453 10x%4
/ 3 4 5 2
= +1 +2 +3 + + .
yo=0 )& )& ) <x3+1 x4+2  x5+43

In Exercises 45-50, find the derivative using either method of Example 6.
45. f(x) = x3%

SOLUTION Method 1:x3* = ¢3¥INx g0

d
d_x3x :e3xlnx(3+3|nx) = x3x(3+3lnx).
X

Method 2: Lety = x3*. Then, Iny = 3x In x. By logarithmic differentiation

! 1
— =3x-—+3Inx,
X

< =

SO

"=y 43Inx)=x> (3 +3Inx).
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392 CHAPTER 4 | APPLICATIONS OF THE DERIVATIVE

16. f/(x) >0forx <1landf'(x) <0forx > 1
SOLUTION Here is the graph of a functiofi for which f/(x) > 0 for x < 1 and f/(x) < 0 for x > 1.

17. f’(x) is negative or{1, 3) and positive everywhere else.
SOLUTION Here is the graph of a functioyi for which f/(x) is negative or(1, 3) and positive elsewhere.

y

18. f’(x) makes the sign transitions, —, +, —.
SOLUTION Here is the graph of a functiofi for which f/ makes the sign transitions, —, +, —

y
60
40
20

IVARE

-40

In Exercises 19-22, find all critical points ¢f and use the First Derivative Test to determine whether they are local minima or
maxima.

19. f(x) =4+ 6x —x2

SOLUTION Let f(x) = 44 6x — x2. Then f/(x) = 6 — 2x = 0 implies thatx = 3 is the only critical point of f. As x
increases through ¥’ (x) makes the sign transition, —. Therefore,f(3) = 13 is a local maximum.

20. f(x) =x3—12x—4

SOLUTION Let f(x) = x3 — 12x —4. Then, f/(x) = 3x% — 12 = 3(x — 2)(x + 2) = 0 implies thatx = +2 are critical points
of f. Asx increases through2, f/(x) makes the sign transition, —; therefore,f(—2) is a local maximum. On the other hand,
asx increases through 2;’(x) makes the sign transition, +; therefore, f(2) is a local minimum.

)
21. =
f0 =
%2
SOLUTION Let f(x) = . Then
x+1
’ _x(x+2)

f (.X)— (.X+1)2 -

implies thatx = 0 andx = —2 are critical points. Note that = —1 is not a critical point because it is not in the domainfaf

As x increases through2, f/(x) makes the sign transitios, — so f(—2) = —4 is a local maximum. Ax increases through 0,
f’(x) makes the sign transition, + so f(0) = 0 is a local minimum.

22. f(x)=x34+x73
SOLUTION Let f(x) = x3 4+ x73. Then

Flx) =3x2=3x"* = x%u6 1= x—34(x— D+ DEZ=x+DEZ+x+1) =0

implies thatx = £1 are critical points off. Though f/(x) does not exist at = 0, x = 0 is not a critical point off because it is
not in the domain off. As x increases through1, f/(x) makes the sign transition, —; therefore,f(—1) is a local maximum.
On the other hand, asincreases through .’ (x) makes the sign transition, +; therefore,f (1) is a local minimum.
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492 CHAPTER 4 | APPLICATIONS OF THE DERIVATIVE

Exercises
In this exercise set, all approximations should be carried out using Newton’s Method.

In Exercises 1-6, apply Newton’s Methodf@x) and initial guessyg to calculatexy, x,, x3.

1. f(x)=x2-6, x9=2

SOLUTION Let f(x) = x? — 6 and define

e few a2
n+1 n f/(xn) n 2x" .
With xo = 2, we compute
n 1 2 3

xp | 25| 2.45 | 2.44948980

2. f(x)=x2=3x+1, x9o=3

SOLUTION Let f(x) = x2 —3x + 1 and define

(O NN Tt sk

T 0w T 2 =3
With xo = 3, we compute

n 1 2 3

xp | 2.66666667| 2.61904762| 2.61803445

3. f(x)=x3-10, x9=2

SOLUTION Let f(x) = x3 — 10 and define

Sxn) xp — 10

Xn4+1 = Xpn — =X
" T fe) T 32

With xo = 2 we compute

n 1 2 3
Xn | 2.16666667| 2.15450362| 2.15443469

4. fxX)=x34+x+1, xo=-1
SOLUTION Let f(x) = x3 4+ x + 1 and define

. . _f(xn)_ _xg—{—xn—l—l
P T ) T a1 1
With xo = —1 we compute
n 1 2 3

xn | —0.75 | —0.68604651 | —0.68233958

5. f(x) =cosx —4x, xo9=1

SOLUTION Let f(x) = cosx — 4x and define

S (xn) COSxpn — 4xp
- =xp—- — .
[ (xn) " _sinx, —4

Xn+1 = Xn

With xo = 1 we compute

n 1 2 3
xn | 0.28540361| 0.24288009| 0.24267469
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688 CHAPTER 6 | APPLICATIONS OF THE INTEGRAL

3. Find the area of the region enclosed by the graphg(@f = x2 + 2 andg(x) = 2x + 5 (Figure 2).

gx)=2x+5

) =x>+2

FIGURE 2

soLuTION  From the figure, we see that the graphgdk) = 2x + 5 lies above the graph of (x) = x? + 2 over the interval
[—1, 3]. Thus, the area between the graphs is

3
(2x —(x%2+2)|dx = ’ —x“+2x +3) dx
[Llevro-(2s2)]ar= [ (=2 +2043)

5 32
=9—(-2)==.
( 3) 3
4. Find the area of the region enclosed by the graphg(af) = x> — 10x andg(x) = 6x (Figure 3).

y S0 =x3— 10x

g(x) = 6x
20 T

20+

FIGURE 3

SOLUTION  From the figure, we see that the graphfifc) = x3 — 10x lies above the graph gf(x) = 6x over the interval
[—4, 0], while the graph of (x) = 6x lies above the graph of (x) = x3 — 10x over the interval0, 4]. Thus, the area enclosed by
the two graphs is

A:/O (x3—10x—6x) dx—i—/o4(6x—(x3—10x)> dx

—4

0 4

= / (x3 —16x)dx + / (16x —x3)dx
—4 0
1 0 1

= (—x4 — 8x2) + (8x2 — —x4)
4 4 4

= 64 4 64 = 128.
In Exercises 5 and 6, sketch the region between sinx and y = cosx over the interval and find its area.

>33

soLuTION  Over the intervalZ, 7], the graph ofy = cosx lies below that ofy = sinx (see the sketch below). Hence, the area
between the two curves is

4

0

/2 /2
/ (sinx —cosx) dx = (—cosx — Sinx) /4 =0-1)- (—— - —) =V2-1

/4
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1276 CHAPTER 10 | INFINITE SERIES

o0
which diverges by the Divergence Test. For the endpoiat 2 — ¢~1, the series becomeE (=1)", which also diverges by the
=1
. n
Divergence Test. Thus, the serieE: e"(x —2)" converges foR — e~ ! < x < 2 + ¢! and diverges elsewhere.
n=12
(x+4)"
34,
Z (nInn)2
(x+4)"
SOLUTION Witha, = T2
gyn+1 Inn)2 In 2
p= lim [&nL] _ x+4) RCAILECY NSRRGSR (LSRN LN I B Y
n—oo| ay nsoo|((n+ 1In(n +1)2 (x+4)"| n-ooo n+1 In(n+1)

applying L'Hodpital’s rule to evaluate the second term in the product. phuasl when|x + 4| < 1, so the radius of convergence is

1, and the series converges absolutely on the intésval 4| < 1, or —5 < x < —3. For the endpoint = —3, the series becomes
o0 o0
1 1
> W which converges by the Limit Comparison Test comparing with the conveygeatlesz — . For the endpoint
n
n 2
_ ( n” +4)"
x = —5, the series becomez et which converges by the Leibniz Test. Thus, the seEs 2 converges for

—5 < x < -3 and diverges elsewhere

In Exercises 35-40, use Eq. (2) to expand the function in a power series with ceateand determine the interval of convergence.

35. =
S = 15
SOLUTION  Substituting3x for x in Eq. (2), we obtain

o

= Z(Sx)” = i 37X,
n=0

This series is valid fof3x| < 1, or |x| < 3.

36 f(x) =

14 3x
SOLUTION  Substituting—3x for x in Eqg. (2), we obtain

oo

=) (30" =) (=3)"x"
n=0

This series is valid fof — 3x| < 1, or x| < %

37 f(x) = ——

SOLUTION  First write

Substituting% for x in Eq. (2), we obtain

Thus,

This series is valid fotx /3| < 1, or |x| < 3.
1

8. /0= 75y
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1472 CHAPTER 11 | PARAMETRIC EQUATIONS, POLAR COORDINATES, AND VECTOR FUNCTIO NS
SOLUTION The tangent line is parametrized by:
b3 b3
Lt =r(—)+tr’(—) 1
0=r(3 i )
We compute the vectors in the above parametrization:
r (ﬂ) = (cos” sin 3ﬂ) =(0 !
4) 277 4T\ 2

r') = %(cosZt, sin3t) = (—2sin2r,3 cos3z)

= r’(z): _2sinE 30082 ) = (=2, =2
4 2 g )

Substituting the vectors in (1) we obtain the following parametrization:

) = <0, %> +z<—2, :/—35> = <—2z, %(1 - 3z)>

In Exercises 21-28, evaluate the integrals.

21. /_31 (8t2 — 1,63 + t> dt

SOLUTION Vector-valued integration is defined via componentwise integration. Thus, we first compute the integral of each com-

ponent.
3 23
8 t 9 8 1 212
/ 8t2 —tdt = 13 — — =\2-z)-|-5—-z)|=—=
1 3 2|, 2 32 3
3 23
3 t 243 9 3 1
6 +rdi=Zr*+—| =(—=—7+-)-(>+5)=124
[Lorsuar=5ta s = (5+3)-(5+3)
Therefore,

3 3 3 212
/ (8t2 — 1,613 + t> dt = / 812 — ¢ dz,/ 613 +tdt)= <T 124>
—1 —1 —1

1 1 S
22. —,——)d
/0 <1—|—s2 1+s2> g

SOLUTION The vector-valued integration is defined via componentwise integration. Thus, we first compute the integral of each
component. For the second integral we use the substitutiel + s2, dr = 2s ds. We get:

1 1
/ ds =tan~! (s)
0

1+52 0

Loy 211 (dt 1 (2dr 1
——ds= - =)== — =—=Int
o 1+ 1t 2 2 /1t 2 1

1 1 1
/‘ 1 ’ s ds — / ds ’/' sds _ z,lan
o \1+52"1+4s2 o 1+527Jo 142 4’2

T

—tanr () —tan'@) = Z —0==Z
(€] =7 2

2 1
=—-(n2—-In1) = =In2
2 2

Therefore,

2
23./ (3 +u’j) du
-2

SOLUTION The vector-valued integration is defined via componentwise integration. Thus, we first compute the integral of each

component.
2 412
/ wdu =L _e_ 16
-2 4 -2 4 4
2 62
64 64
/ wSdu =L =—-—=0
2 6 |_, 6 6
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