48. Atx =g, the slope of the curve is

jm LR F@ et Y —3a+ )] - (@ - 3a)

I

P} h fi=a00 h
@ +2ah+h*-3a-3h-a’ +3a
= lim
=30 h
_ Zakh~3h+h*
= i e
h—G
= lim(2a~3+ k)
h—0
=2g-3

The tangent is horizontal when 2a - 3 =0, at

a= %(Orx = %) Since f(-z—) = -—g—, the point where this

Qceurs is 2—2
2" 4F

200 200
49, (a) P(O) = ”1";"%‘;—_6‘!?0—)‘ = -—é-* =25
Perhaps this is the number of bears placed in the
reserve when it was established,
200 200
b) i )= lim e =l = 200
®) {LIEP( ) .'—I-Te] +7e ¥ 1
(¢) Perhaps thi—s—‘is‘dthe maximum number of bears which
the reserve can support due to limitations of food, space,
or other resources, Or, perhaps the number is capped at
200 and excess bears are moved to other locations.

3.20-135nt(~x+1), O0<x<20

50. (a) f(x)={0, oo

(Note that we cannot use the fornuda f(x) = 3.20 + 1.35
int x, because it gives incorrect results when x is an
integer.)

(b)

[0, 2G] by [-5, 32]
fis discontinuous at integer values of x: 0, 1,2,..., 19,
51. (a)

[3, 20] by [150040, 13000)

17,019-15,487 1532

=306.4
2003-1998 5
17,019-15,759 1260

PO, = -
2, 2003 - 1999 4

b) POy =

315

Chapter 2 Review

_17,019-15,983 1036

2003-2000 3

po, < 1019-16355 664
2003-2001 2
_17,019-16,692 327 _

2003-2002 1

(c) We use the average rate of change in the population
from 2002 to 2003 which is 327,000

{d) y = 309.457 x + 12966.533, rate of change is 309
thousand because rate of change of a linear function is
its slope.

52.1et A=Tlm f{x)} and B=limg(x). ThenA +B=2and
X A=3C

PO, =3453

PO 327

A-B=1 Adding, wehave 24 = 3,50 A m%, whence

§+ B =2, which gives B= wlw Therefore, lim f{x)= E
2 2 X3¢ 2
and lim g(x) = i

X—3C 2

53. @y x-9=0
All x not equal to 3 or 3.

B x=-3x=3
(©) lim = =0
Xyea Ix -9!

y=0
{d) When x — 9 0, f(x)} — o0,
x=-3 and x =3 are discontinuous.

(e} Yes. It is continuous at every point in its domain.
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54.(a) f(D)=x* —a* —x
=(2) —a®2
=4 2g°

®) f()=4-2x"

=4-2(2)"
=4-8=-4

{(c) For x # 2,fis continuous. For x =2, we have
lim f(x)= lim f{x)= f(2)=—4 aslong as a==12
x—2" X2t

R

$5.(a) g(x) =5 = x
X
S _F-2x+1_ 1
§(x) 22 +3 x
X 3 _2x? 41

{b)—=

x +3x

Chapter 3
Derivatives

Section 3.1 Derivative of a Function
(pp. 99-108)

Exploration 1 Reading the Graphs
1. The graph in Figure 3.3b represents the rate of change of
the depth of the water in the ditch with respect to time,
Since y is measured in inches and x is measured in days, the

derivative % would be measured in inches per day. Those

are the units that should be used along the y-axis in Figure
3.3b.

2. The water in the ditch is 1 inch deep at the start of the first
day and rising rapidly. It continues to rise, at a gradually
decreasing rate, until the end of the second day, when it

achieves a maximum depth of 5 inches. During days 3,4, 5,

and 6, the water level goes down, until it reaches a depth of
1 inch at the end of day 6. During the seventh day it rises
again, almost to a depth of 2 inches.

3. The weather appeats to have been wettest at the beginning
of day 1 (when the water level was rising fastest) and driest
at the end of day 4 (when the water level was declining the
fastest).

4. The highest point on the graph of the derivative shows
where the water is rising the fastest, while the lowest point
(most negative) on the graph of the derivative shows where
the water is declining the fastest.

3, The y-coordinate of point C gives the maximurm depth of
the water level in the ditch over the 7-day period, while the 5,
s-coordinate of C gives the time during the 7-day period ‘
that the maximum depth occurred. The derivative of the
function changes sigh from positive to negative at
indicating that this is when the water level stops rising
and begins falling,

6. Water continues to run down sides of hills and through
underground streams long affer the rain has stopped falling,
Depending ort how much high ground is located near the
ditch, water from the first day’s rain could still be flowing
into the ditch several days later. Engineers responsible for
flood control of major rivers must take this into consideration
when they predict when floodwaters will “crest,” and at
what levels.

Quick Reviewr 3.1

2 _ 2y
1. ﬁm(?.-i-h) 4mhm(4+4h+h -4
A0 4 30 h

= lim4+h
b0

=4+0=4

2. hm x+3_2+3~5
x=2* 2 2 2

3 Slncel—’t,l:——l fory <0, lim Im[- w -],
y oy

o 2278 _ 2{J3§ + Dx -2)
: X \/... 2 x->4 \/— 2

r«.HZ(JEe«z):z(J_Jrz)ms

/ ",

. HEHESS ]
5. The vertex of the parabola is at (0, 1). The siope of the line
through (0, 1} and another point (A, R+ 1) on the parabola

2

is Wbl h. Since limn & = 0, the slope of the line
h-0 A2

tangent to the parabola at its vertex is 0.

6. Use the graph of f in the window [-6, 6] by [-4, 4] to find
that {0, 2) is the coordinate of the high point and (2, -2) is
the coordinate of the low point. Therefore, f is increasing
on (oo, (] and [2, ee).

7. lm f(x)= lim (x-1P2 =(-1*=0
P xlt )
m flx)=lim{x+2)=1+2=3
Xepi EIY et
. 1 = i =0
8 }ga fQth)y= lim f(x}

9, No, the two one-sided limits are different (see ‘Exercise .

10. No, fis discontinuous at x = T because hm f{x) does not exist.
x~31



Section 3.1 Exercises

L mf(x) hm f(x+h) fix)

1__1

=i

kﬁ% X+h x
k
-~k 1

= lim
w0 3% 4 hx h
—h 1

1 i 1

f(JHh) fx)

(x+h)z +d—(x* +4)
fx»-?l) h
2xh+ h*

= lim =lm2x+h=2x
Ji=30 h PRt

3. Loy iy L0 &

_ 2_ a2
= fim 3 (x+h) 3-x%)
B30 h
N 2
= im 2xh—h
b h
=lim-2x—-h=-2x
b0

Zo-p=2
4 o fleti- f(x)
4 /0=l 3

- lim Gt + (4= )

PGl ]
. 3R+t R4k
= lim
h—0 h

= lim 3% +3xh+ A% +1
=0

=3x241
30 +1=1

i L= fla) (x) fla)

5. fla)=

Im-v)

X—q X o g2
- lim P rd-g®—4

PR | xX—d
. xteg?
= lim
x=3a  X—
=lim x+a=2a

X3

Ay=2

7. Play=tim L0 1@

X3 X4

- m Vx+i—+a+l

X X—a

x—a
= {im

Rl £ a(\fx+1-§-\;‘a+ )
X—"f 2«]a+ 2\;‘3+

X—a

8. f(a)= tim L&) 1(@)
X Ly

2x+3~(2a+3)

= lim
x-a x—a
—lim 2x-2a .
x~a X—d

9, f'(x)w}!i“% f(xﬁ“hz—f(x)

- lim [Blx+h)—-12]-G3x~12)

1] h
—fim o i 3=3
0 R B0

dx hwaf} h
= Bim TEx+h)—Tx
h=>8 I3

=lim~»7~§»=ljm7w7
A0 B ke

11 Let f(x)=x"

h)y—
(x+h) -x*

k->0 h

X+ 2xh+h? it
= m ———————l

20 h
=hm(2x+h)=2x

A0

.___.(x

Section 3.1 87
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d e fr ) - f(x)
12 2o f= i A
2 a2
= lim 3(x+ h)‘ 3x
A0 h
e 36k i 3R
e} h

) 2
=i O 6k
fany;} h )

13. The graph of y = f, (x) is decreasing for x <0 and increasing
for x > 0, s0 its derivative is negative for x <0 and positive
for x> 0. (b)

14. The graph of y = f, {x) is always increasing, so its derivative
is always 2 (0. (a}

15. The graph of y = f; (x) oscillates between increasing and
decreasing, so its derivative oscillates between positive and
negative. {d)

16. The graph of y =f, (x) is decreasing, then increasing, then
decreasing, and then increasing, so its derivative is negative,
then positive, then negative, and then positive. (c)

17. (a) The tangent line has slope 5 and passes through (2, 3).

yeS5{x—2)+43
y=5x~7

(b} The normal line has slope -—w;» and passes through (2, 3).

1
==X = 2)+3
¥ 5(x )

-1
YETSETS

dy .. ylx+m)—-y(x)

s G
:ﬁm[2(x+h)2—13(.x+h}+5]—-(2x2-—l3x+5}
=0 h
:}im2x2+4xh+2h2—13x—13h+5—2x2+13x——5
fi2(2 h
. Axh+2h —13h
B T 1 Tl ——
h->0 h
= lim (dx+2h-13)=4x-13

At x =3, % = 4(3) 13 = -], so the tangent line has

slope -1 and passes through (3, y(3) = (3, -16).
y=—1(x—3)~16
y=-x~-13

19. Let f(x) = x°.
re1s o i 4 L) (1)
f(1)—§&wwwwh

343
- lim {1+ hy —-1
k0 h

= lim (3+3k+h%) =3
30

(a) The tangent line has slope 3 and passes through (1, 1},
Its equation is y=3(x-1)+1,0r y=3x~2.

(b} The normal line has slope -% and passes through (1, 1)

Its equation is ya—«i«(x—l)%i, or y=—%x+§3~.

20.Let f(x)=4
J@n- 1)

’ 4y = .h YR UM
& B0 ft
. (4-%"11}2"2 - \/Z
= i A
hes(d h
44 h-4
= T2
B0 B4+ Y% +2)
. h i
= {ITY) e 7T e
k0 pd+ P 12 4

(a) The tangent line has slope:li and passes through (4, 2)

_ i
Its equation is y = Zx+1.

(b} The normal line has slope -4 and passes through (4, 2).
Its equation is y=—4x+18.

21, (a) The amount of daylight is increasing at the fastest rate
when the slope of the graph is largest. This occurs about
one-fourth of the way through the year, sometime
around April 1. The rate at this time is approximately

4hours 1
or — hour per day.
24 days 6

(b) Yes, the rate of change is zero when the tangent to the
graph is horizontal. This occurs near the beginning of
the year and halfway through the vear, around January 1
and haly 1.

{¢) Positive: January 1 through Juty 1
Negative: July 1 through December 31



22. The sfope of the given graph is zero at x = -2 and atx = |,

so the derivative graph includes (-2, 0) and (1, 0). The
stopes at x = — 3 and at x = 2 are about 5 and the slope at
x=-0.5 iz about ~2.5, so the derivative graph includes
(-3, 3), (2, 5), and (0.5, -2.5). Connecling the points
smoothly, we obtain the graph shown.

¥y

T..F 1.1 ¥

23. (a) Using Figure 3.10a, the numsber of rabbits is largest after

40 days and smallest from about 130 to 200 days, Using
Figure 3.10b, the derivative is O at these times.

(b) Using Figure 3.10b, the derivative is largest after
20 days and smallest after about 63 days. Using
Figure 3.10a, there were 1700 and about 1300 rabbits,
respectively, at these times.

24, Since the graph of y = x Inx - x is decreasing for 0 < x < |

and increasing for x > 1, its derivative is negative for

0 <x < | and positive for x > 1. The only one of the given
functions with this property is y = In x. Note also that y=1In
x is undefined for x < 0, which fusther agreas with the given
graph, (ii)

25, Bach of the finctions y=sinx, y=x, y= x has the

property that y(0) = 0 but the graph has nonzero slope
(or undefined slope) at x = 0, so none of these functions
can be its.own derivative. The function y = ° is not its own
derivative because ¥{(1) = 1 but
‘ 212 2
V()= lim Q4+ -1 = lin 2h+h
) h

] heatt R
=lim{Z+h)=2.
hes

This leaves only &, which can plausibly be its own
derivative because both the function value and the slope
increase from very small positive values to very large
vaiues as we move from left to right along the graph. (iv)

26. (a) The slope fromx=—4tox=01is 2-9 =—1-.
G—(-4y 2
The stope fromx=01tox= 1 is lem(}zm_
The slope fromx=1tox=4is :%ﬁ:lﬁl:o,
The slope fromx=4tox=61s 26—%%—)“:2_

Note that the derivative is undefined at x =0, x = 1, and
x=4. (The function is differentiable at x = ~4 and at

Section 3.1

x = 6 because these are endpoints of the domain and
the one-sided derivatives exist.) The graph of the
derivative is shown.

Y

ik

4w—

3k

2+ Oy
r?"'i""l""'?"‘r;¢| depubosdin L
5432 111234567

ok

s

4
_S]T"
yx=01,4

27. For x> —1, the graph of y = f(x) must lie on a kne of
slope -2 that passes through (G, ~1): ¥y =~2x - 1. Then
y(~1)=-2(-1} -1 =1, sofor x < -1, the graph of
y=f(x) rmust lic on a line of slope 1 that passes
through (~1, Dt y=Hx+ 1+ lory=x+2.

+2, |

Thus f(x) = {fowl ;> -1
)7
5 E

\ X
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29.

30. (a)

Section 3.1
Midpoint of Ay
Interval (x) Siope [E}
3.3-0
0.5 S =33
10
15 133-33 100
2-1
2.5 299-133 166
32
15 3322299 533
4-3
45 m =340
5_4
119.8-83.2
5.5 =366
. 6-5
6.5 163.0-119.8 —432
7-6
75 212.9~163.0 —499
87
26952129
L = 5.6
8.3 9-8
332.7-269.5
9.5 e = 3.2
i0-9
A graph of the derivative data is shown,

[0;10] by [-10,80]
{a) The derivative represents the speed of the skier.

{b) Since the distances are given in feet and the times are
given in seconds, the units are feet per second.

(¢) The graph appeats to be approximately linear and passes
through (0, 0) and (9.5, 63.2), so the slope is
6320

=665, The equation of the derivative is

approximately D) = 6.65z.

. N -

[~0.5, 41 by [700, 1700

(b
Midpoiat of by
Interval (x) Slope A
! y 2-1577
0004056 0 | 11221977 11607
0.56-0.00
0364092 qs | L2200
0.92-0.56
el ~144
m =1.055 m = ~237.04
1.19-0.92
LTI s | BEZDM soq:
> 1.30-1.19
L30E aes | B0 g
1.39~1.30
139+1.57 w148 11911255 = 35556
1.57-1.39
LTI s | MO s
1.74~1.57
. . — 112
LI4H198 g6 | MO22UB een
1.98-1.74
1.98+2.18 = 2.08 998 - 1062 =-320.00
m =2295 933998 = ~282.61
241-2.18
241+2.64 w2 505 369-933 =-278.26
2.64~2.41
2.64+3.24 -
2O gy | BOTED 6
304-264 .
A graph of the derivative data is shown, . ;i .
if
-~ B
" ] "'_'.’ nu
L}
“

[0, 3:247 by {500, 1001

{c} Since the elevation y is given in feet and the distance
x down river is given in miles, the units of the gradiant
are feet per mile. '

(d) Since the elevation y is given in feet and the distance
x downriver is given in miles, the units of the distance

dy .
- gre feet per mile.
e P

{e) Look for the steepest part of the curve. This is where the

elevation is dropping most rapidly, and therefore the
most likely location for significant “rapids.”

(f) Look for the lowest point on the graph. This is where '
the elevation is dropping most rapidly, and therefore the
most likely location for significant “rapids.”

P



o fAER - f)
31. = e L
= i
- bim Hl+h)y-2-2
h=30+ A
3h-1
F=y 131 B i
=0t R ]
Does not exist.
32. We show that the right-hand derivative at T does 5ot exist.

3
i FAER =D _ L 314R=-)

Ayt h 0% h
= tim 2 i [ 243 )=
B0tk =0+ A
33, SENCEX

EIECHY,

N

{-%, 1t} by [-1.5, 1.5]
The cosine function could be the derivative of the sine
fonction. The values of the cosine are positive where the
sine is increasing, zero where the sine has horizontal
tangents, and negative where sine is decreasing.
FO+R -7 . Nh-0 R
- B = km = hm

34, Bm == ki
B0t A Il k a0t A

= lim L.
h—=0F J]:;
Thus, the right-hand derivative at 0 does not exist.

35. Two parabolas are parallel if they have the same derivative
at every value of x. This means that their tangent lines are
parallel at each value of x.

Two such parabiolas are givenby y=x"and y = x* + 4,
They are graphed below.

N/

{~4, 4] by [5, 20
The parabolas are “everywhere equidistant,” as long as
the distance between them is always measured along
a vertical line.

36. True. f/(x) = 2x + 1

X
37. False. Let f(x) = L] The left hand derivative at x = 0 is -1
x

and the right hand derivative at x = 0 is 1. f'(0) does not
exist.

38.C. f(x)= lim Mhltﬂﬂ

- tim 4=3(x+ Ry~ (4+3x)
130 h

=l =3 =3
a0k

Section 3.1

39, A, f(x)= g&i—}%—"—f@

_ .ml~3(x+h)2—(1—3x2)

= lim ————— = lmb6x + A = - 6x
=G

2
40.B. fim (O-1+hy—-(0-1
a0 h

4L.C. hm 20+ -H—-(2A0)-1
A0 ]
2
N le—lw%l*_h— =2

42.@) f()=lim Mﬁﬁ;i@

2 .2 2
- Em (x+hy ~x — bm 2xh+k
h—0 h B0k
= lim (2x+h) = 2x
h=0
®) f'(x)= lim flxt+i - fix)
k-0 h
= pim 22 o
h—0 h ]

(o) lim f{x)=lim2x=2()=2
Fa e x=1"
@ xl—l—)nl-i'f ()= Jc:t-i-anl‘,:i':2 =2

(e} Yes, the one-sided limits exist and are the same, so
lim fi(x)=2.
x-al

2 2
B4 h

B h
2h+hE
=y B G =2
R~ fO L 2Ry -1
® T T

- ln 1+2h=ﬁm[_1_+2)=_w
a0 R k=0 A

The right-hand derivative does not exist.
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42. Continued

(h) It does not exist because the right-hand derivative does
not exist,

43. The y-intercept of the derivative is b~ a.

44, Since the function must be continuous at x = 1, we have
lim Bx+k)= Ff(bh=L so3+k=1, or k=-2.
Xt

2, <1

3x-2, x>

Now we confirm that f(x) is differentiable at x = I,

fUib-f@) o O+ -

This gives f(x)= {

h]gg“ k A0 h
 3h+3RE 4R
2= i St
Fi-30 h

=lmG+3h+A%) =3
ft-30

. ‘ 3
fo PO B+ =21- (1))

R0 h h-s Ot h
i LE3L e
Ak h bt

Since the right-hand derivative equals the left-hand
derivative at x = 1, the derivative exists (and is equal to 3)
when k= -2,

364 363

45.(a) 1. —

. =0.992
365 363 %

Alternate method: Eéfw; = (1.992
365°

(b) Using the answer to part (a), the probability is about
1 -0.992 = 0.008.

(c) Let P represent the answer to part (b}, P = 0.008. Then
the probability that three people all have different .
birthdays is | — P. Adding a fourth person, the
probability that all have different birthdays is

. (i - P)(%Z%J’ so the probability of a shared birthdéy is

362

— b= 0.016.
365

(1) No. Clearty February 29 is a much less likely birth date.
Furthermore, census data do not support the assumption
that the other 363 birth dates are equally likely. However,
this simplifying assumption may stili give us soms
insight into this problem even if the calculated
probabilities aren’t completely accurate.

Section 3.2 Differentiability {pp. 109-115)

Exploration 1 Zooming in to “See”
Differentiability
1. Zooming in on the graph of fat the point {0, 1) always
produces a graph exactly like the one shown below,

provided that a square window is used. The corner shows
no sign of straightening out. <

N

[~0.25, 0.25] by [0.836, 1.164]

2, Zooming in on the graph of g at the point (0, 1) begins to
reveal a smooth turning point. This graph shows the result
of three zooms, each by a factor of 4 horizontally and
vertically, starting with the window.

[—4, 4] by {-1.624, 3.624]

N

{-0.0625, 0.0625] by [0.959, 1.041]

3. On our grapher, the graph became horizontal after 8 zooms.
Results can vary on different machines.

4. As we zoom in on the graphs of f and g together, the
differentiable function gradually straightens out to resemble
its tangent line, while the noudiffez'e‘ngg%?jlﬁ:jf@qgt{i%l__
stubbornly retains its same shape. '

[-0.03125, 0.03125] by [0.97935, 1.0205]

St Lo
Exploration 2 Looking at the Symmetric
Difference Quotient Analytically

L fQ0+m-7a0) (10.01)% —10%
h 0.01
Fl0y=2-10=20
The difference quotient is 0.01 away from f(10).

=20.01

» Fa0+hy—-f(10~h) - (10.01% - (9.99) _
) 2h S 002
The symmetric difference quotient exactly equals Joy.

20

5, f00+m) - F(10) (10.00)° -10%
h 0.01
F(10)=3 = 16* =300
The difference quotient is 0.3001 away from f'(10).
FQU0+ k)= FG0-R) _ (10.01° - (9.99)°
2h 0.02
symmetric difference quotient is 0.0001 away from f'(10).

=300.3001.

= 300.0001. The
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Quick Review 3.2 Right-hand dertvative:

1. Yes FAR) - £ R

2. No (The f (%) term in the numerator is incorrect.} ]Ma +"“”‘"”‘"“”""""“""“ jlg%}+_1_*:%.__

3. Yes 4. Yes = Tm 1-{d+-

5. No (The denominator for this expression should be 2k). Al h(E; k)

6. All reals = B, asm

7. [0, e2) 8. [3, =} o — 1 _—
k—;()* 1+h

9, The equation is equivalent to y = 3.2x + (3.27 + 3), 5o the
4 q Y ( ) Since 1+# —1, the function is not differentiable at the point 2,

slope is 3.2.
10, FB+000D~ F(3-0001) _ 5(3+0.001)~5(3-0.001) 5. (a) All points in [-3, 2]
’ 0.002 0.002 (b) None
= 50002) (¢) None
. 0.002 6. (a) All points in {2, 3]
Section 3.2 Exercises (b) None
1. Left-hand derivative: X (c) None
iim fO+h) - f0) = Hm R -0 = im h=0 7. (a) All points in [~3, 3] except x =0
B0 h h-0=  h R0~
Right-hand derivative: (b) None
Ifg+f(0+h;_f(0)lein&h;O:ilthrI:l (©x=0
R = = 8. (8) ATl points in [-2, 3] exceptx=-1,0, 2
Since O 1, the function is not differentiable at the point P. ) :
X
2. Left-hand derjvative:
pog JUER= O _ L 2=2 (©x=0,x=2
o A T e T T Y 9. (a) Al points in [-1, 2] except x = 0
Right-hand derivative: by x=0
ti LA SD o D=2 0y (¢) None
heea(t h Aot h A
Since 0 # 2, the function is not differentiable at the point P. 10. (a} All points in [-3, 3] except x =2, 2
3, Left-hand derivative: by x=-2,x=2
lim FA+R)~fQ) _ - m \Ii+ -1 () None
A h B0~ . . el p=ly . .
(\[1-1-_ i)(m+ 5 11. Since :Ecil}) tan” x=tan” 0= 0= y(0), the problem is
.':-—)0‘ N1+ R+1) a discontinuity.
(+h)-1 ars
= lim YO+ -y0) . R i
d N 12. b e 222 e
A H" bt 1) klm%lﬂ h hlmlerf]l- h h]——>{)" h*’5
= T s 22 e
M-JH.;IH 2 i 2R ©) A N
et ny = Jim oo
Right-hand derivative: At i Che0t B a0t pMS
o fa+hy- im 200+ 4)-1]1 -1 The problem is a cusp.
A0t h et h
” : ok i3.Notcthaty=x+\/x_2+2=x+{x]+2
= lim — ‘
=0t ] _ 2, x=20
=,m 2=2 Ti2x42, x=»0.
Since i # 2, the function is not differentiable at the point P. Lim w = him 2;;% =km0=0
2 B0 h 0" )
4, Lefi-hand derivative: lim 2O XO) _ g @RED=2 0
it h) e (L4 hy~1 A h Ayt h R0t
f( = lim =liml=1 The problem is a corner.

hw)(}“‘ b0 h =0
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- =3By 3,
1 5 YOER YO o 3-¥)-3_ .
B0 h 50 h =0 R

. 1
E}Illm%(—u;lmi}?)zm

The problem is a vertical tangent.

Sx-~1, x50

15. Note that y=3x—2|x§"l={x-—1, x>0

i YOER=YO) _ L (Sh-D- (-1

lim 5=35
Fal™ h Re30" h fma0™
i YOER=YO) DD
et h R0t h bt

The problemn is a comer.

- hi—0 -
6. 1 Y000 o -0 Y
k0 h a0k R0~ R

. 1
- ,,]ff{}_(_ 12 }“

i Y0+m-y@ _ A0

At h a0t B A0t R
wmm 1 —
e h21'3

oo

The problem is a cusp.

o Sat - fla—k)
= 2h
_ 40000 (0.001)” — (4(-0.001) - (-0.001)*)

0.002
= 4, yes it is differentiable.

}8- lim f(a+h)_f(a—h)
a0 2h
- 4(3.001) - (3.001)% - (4(2.999)~ (2.999)2

0.002
= —2, yes it is differentiable.

19. hm f(a+k)_f(a—k)
0 2k :
_40.00D+0 001 - 4(0.999) — (0.99)°

0.002
= 2, yes it is differentiable.

. fla+ by~ fla—h)
20, }m e
N (0001 — 4(0.001) ~ {(--0.001)% ~ 4(~-0.001))

0.002
= —3,999999, yes it is differentiable.

. fla+h)— fla=h)
A f]f-'ffa 2h
- (~1.999)° - 4(~1.999) — (=2.001)° — 4(-2.001))

0.002
= 8.000001, yes it is differentiable.

h—0
_ (2.001)% - 4(2.001) — ({1..9_99)3 —4(1.999%)

0.002
= —8.000001, yes it is differentiable.

" ka0 2k
_ 0.001)*? ~ (~0.001)%"

0.002
=0, ne it is not differentiable.

24, Yy L@t~ fla-h)

30 2h
_3.001-3-(2.999-3)
0.002

={), no it is not differentiable.

. fla+h)~ fla~h)
2. 1’336 2k
. (0.00D** - (-0.000**

0.002
= (), no it is not differentiable.

26. ilm f(a+h)_f(a_h)

70 CaEULR giay 2

_ (0.000)* - (-0.00"”

0.002
={, no it is not differentiable.

ANA
VIRV

[-2m, 2m} by [-1.5, 1.5]

-éwx:sinx
dx

U
,

{3, 51%y {10, 10}

dy
dx—x

27.

29.

{—6, 6] by [4, 4]
d
E}X =abs (x) or x|



I
(]

f-2m, 271 by [-4, 4]
dy
dx

Note: Due to the way NDER is defined, the graph of
y=NDER {x) actually has two asymptotes for each
asymptote of y = tan x. The asymptotes of

=tanx

y=NDER (x) occur at x= gw ke +0.001, where & is an

integer. A good window for viewing this behavior is
[1.566, 1.576] by [-1000, 10001,
31. Find the zeros of the denominator,
7 —bx—5=0
(x+Dx—5=0
x=-—-lorx=5
The function is a rational function, so it is differentiabe for
all x in its domain: all reals except x=~1, 5.

32. The function is differentinble except possibly where
3x -6 =0, that is, at x = 2. We check for differentiability at
x =2, using k instead of the usual A, in order to avoid
confusion with the function fi(x).

h(2+k)—-h(2) [\3,'3(2+k) 6-+5]-5

lim
E-30 Q/Mk kw)O
== im —— = 3 lim

0 k fk—)O P 5

The function has a vertical tangent at x =2. Itis
differentiable for all reals except x = 2.

33. Note that the sine function is odd, so

P(x)=sin (ixt) 1= {;Zlilfii, ; ; g

The graph of P{x) has a corner at x = . The function is
differentiable for all reals except x = (.

34. Since the cosine function is even, so Q(x)= SCOS(M)
=3cosx. The function is differentiable for afl reals.

35. The function is piecewise-defined in terms of polynomials,
so it is differentiable everywhere except possibly at x =0
and atx=3.Check x=0:

— 2 2
g0+ k)~ 2(0) = lim (h+1)" —1 = fim R+ 2h

A0~ h fe-30™ h 0" h

= lmh+2)=2

A0

tim g(0+h)—g(0)x (2h+1)-E: lim 2=2
Al h B0t h k0%
The function is differentiable at x = (.
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Checkx=3:
Since g(3) = (4~ 3¢ =1 and

lim g{x}= lim (2x+1)=2(3)+1=7, the function is not
x—-3" a3

continuous (and hence not differentiable) at x=3. The
function is differentiable for all reals except x=3.

2, x<0

36. Note that C(x) = x}x|= {"2

, $0 it is differentiable
x°, xz20
for all x except possibly at x=0.
Check x = (r
. CO+R)~-C . Rlh-
i CO+R=CQO) _ . #lH|-0 ~jim|=0
h—0 h B0 A =%
The function is differentiable for all reals.

. 37. The function f{x) does not have the intermediate value

property. Choose some a in (-1, 03 and b in (0, 1). Then
Jla)y =0 and f(b) = 1, but fdoes not take on any value
between 0 and 1. Therefore, by the Intermediate Value-
Theorem for Derivatives, f cannot be the derivative of any
function on -1, 1]. i

38. {a) x = 0 is not in their domains, or, they are both
discontinuous at x=10.

(b) For %: NDER(;{-, 0)= 1,000,000

For —: NDER[— 0} 0

x

(¢) 1t returns an incorrect response because even though
these functions are not defined at x = 0, they are defined
at x=£0.001. The responses differ from each other

because m% is even (which automatically makes NDER
X

2 x

(—I— 0)=0) and i is odd.
x

39. (a) im f(x)= £
523111_(3 —xy=a(l +b(1)
2=+l

The relationship is a + b =2,
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39, Continued

(b) Since the function needs to be continnous, we may
assume that a + b =2 and f{ 1) = 2.
tim f+m- f(D - lim 3-(I+h)-2
hes0™ h A0~ h
= lim (-)=-1
}x—ing’( )
. 2
im FA+ )y~ f(1) - fim a(l+ Ay +b(1+ k)2

FreaF h Rty h

- pi @t 2ak+ak’ vbrbh—2

e A

. 2ah+ah® +bh+(a+b—-2)
= lim
30" h
= lim (2a+ah+b)
I

=2a+b
Therefore, 2a + b = -1, Substituting 2 - a for b gives
20+ (2~ ay=-1,50 a=-3.
Then b= 2 —a =2~ {-3)=35. The values are
a=-3andb=35,

40. True. See Theorem 1.

41, False. The function f{x) = || is continucus at x = 0 but is
not differentiable at x =0,

42.B.
43, A i LTSk
A0 2h
_ 30011 - 3/0.995-1
0.002

Cf=Y-1=0

44.B. lim 20+ +1-2(0+1)
=07 A

2h
=lm—=2
h{f}({}h

b O+ +1- (07 +1)
F-30 h

45.C.

46. (a}

[~4.7, 47 by [~3.1, 3.1]
(b) You can use Trace to help see that the value of Y1 is 1
for every x < O and is 0 for every x 2 (. It appears to be

the graph of f(x)= {?’ i;g

(c)

[—4.7, 4.7 by [~3.1,3.1] _
(&) You can use Trace to help see that the value of Y1 is §
for every x < 0 and is 1 for every x = 0. It appears to be

the graph of f(x) = {{1)’ ; ;g

47. (a)

[~4.7, 4.7] by [-3, 5}
{b) See exersize 46.

{c)

[~4.7,4.7) by [-3, 5]
(d) NDER (Y1, x, ~0.1) =~0.1, NDER(Y {, %/0) = 0.9995,
NDER (Y1, x 0.1) =2,
48. (a) Note that —x £ sinj- < x, for all x, so lim (x sin-%-] =
X X0 X
by the Sandwich Theorem. Therefore, fis continuous at
x=9.
hsin 1. 0
h

fO+R)~f(0) _ ik

h h h

(b)

o . 1 .
(¢} The limit does not exist because smz oscillates between
~1 and | an infinite number of times arbitrarily close to
k=0 (that is, for i in any open interval containing 0).

(d} No, because the limit in part {¢) does not exist.

n? sin(—--] -0
g0 +h~)-g(0) _ R heint
h h h
As noted in part (a), the limit of this as
x approaches zero is 0, so g(0)=0."

{e)

Section 3.3 Rules for Differentiation
{pp. 116-126)

Cuick Review 3.3
LG -G D =xt T e a? e 12T 2 0]

=x+xt =2x -2

/—‘“\

TN



2.

3

4.

223
:

10.

-1
X 241 £ C
3 = = e e = b X
x“4+1 X X x

3.?;2-—g+—:-§—z3x2 2x7 +5x
X x2

3x4~2x3+4_3x Zx _i_mi_
2x* 212 207 24

=%Jo:2~~x+2x”2

Gl +D=x P x4 22 42 01

=x ey la 4o

xte x”z

\ /

H:E.l?B"Lij‘N L
{0, 51 by [-6, 6]
At x=1.173, 500x° = 1305,

At x =2.394, 500x° =94,212,
After rounding, we have:

At X#1, 500x°% = 1305,
At x=2, 500x% =~ 94,212,

x(x +x } ax

(@) f(10)=7

®) FO)=7
© fOxh)=7

@ tim LES@ g, 72T g

x—=a X—a x—aX-—a x-—a

. These are all constant functions, so the graph of each

function is a horizontal line and the derivative of each
function is 0.

xth x
f(x+k) FAC) BT A
B30 I3
x+h—x 1

:] = — e

k=0 7th 0%

(@) f (x)

E_E
= lim x-H'L X
E-0 h
rx=n(x+h) —~7th
w0 hx(x+h)y -0 hx(x+R)
T T -2

= Hm - R % 4
A0 x{x+ k) 2

® )= i LTI

Section 3.3 Exercises

1.

dy

?ix— dx( 2)+%(3)=—2x+0=~=—2x

2 & 4 (Ex"?)—i(x):xz—]
dx

dr dx\3

10.

1L

12.

13.

& & %l% &

d

- dx dx
=0

d

" dx

Section 3.3

i/l

ID- B~

(2x}+§;(:):2+032
5. d
(x )+;ix—{x}+—{1) 2x+1+0=2x+1

(é Pz i

=x+x+i

i

w%*ﬁu&

o (1)~—--~{x}+~w(x )—mcx )

1+2x Ax? =——I+2x 3x

éy—m——(x3-2x2 +x+1)
dx  dx

me(x 4x2+x+2)
dx

=3x% ~8x+1=0
413 44413 o

3703

=~0.131, 2.535

X =

ol

—4x? 41
2 A4

:-:-Ei—(xd'
dx
=4x7 8x=0

=0, +2

dy d
dx  dx
=2x7 —12x =0
x=0,1
A _d 3
pramChy
=15x% =152 = 0
x=-10,1
dy d

E:-éx—(x“-?xhzx%ﬁ)

=4x° -2 +4x=0

21377

=0, 2200 L0198,
* 3

Zoaxd -6x -1

—3x%)

= 5.052

214377
8

dy_4d
(a) o dx[(x+1)(x + 1

= (x+1)—6}x—(x2 + D+ (x? -i-i)i—{x+1)

= (x4 D2x+ 2+ )
=220 4 2x+ 1 +1
=3 +2x+1

97
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13.

14.

5.

16.

17.

18.

19.

20.

21.

Continned

dyd

(b) [(xH)(x +1]]

= (P 42T 4 x+]
dx( )
=3 +2x+1

dy dfx*+3
(a)dx dx( x J

d
2 2 a4
:xEx—(x +3)—{x +3)dx(x)

_ x(2%) —(x*+3)

b L4 (" +3]=~5‘£~(x+3.x“‘)=1~~~3x‘2
x dx

This is equivalent to the answer in part (a).
@ x4 1)
gx-(x"" +20° 43t 1250 42 x4 D)
=7x% +105% + 4% +6x% + 22 +1
(x*+ D3 +1)
fx—()c5 +x3+x% +1)

=5x* +3x% +2x

dy_d2x+5_(x-DQ-(x+5HP__ 19
dr dx3x-2 . (Bx-2y (3x -2
dy . 4521 -i(lni-Sx'i—x'z)
de dxl  x dx

5 2
=0-5x24+2x P =4

.762 x3

dy dfx- 1)(x +x+1)
dr  drx

_dfx*-1
del x

ﬁxwﬁ{( 1-x )_ (1+x7) =D - (- x)(2x)
de dx\1+x?) (1+x2)

X -2x-1

o+

\-..........-/

x

=gx~««(1-x‘ )=0+3x"=

M|

& _df & ) _a-x)0-23)  xteax
dx dx imx (1 x) (} I3)2

- dy _ d((x+1)(x+2)) B 3x+2
dx dx\(x-Dx-2)) de\x2-3x42

(=3 22x+ 3= (2 + 33+ 2)(2x —3)
B (x?-3x+ 2)2

(22 =32 = 5x+6) - 2 +32% - 852 -6)
h (x* -3z +2)°

__l2- 6x”
(% ~3x+2)
23.(a) Atx=0, % (v = u( O’ (0) + v(0) u’(0)
=(SH2) + (~1}~3) =13

g)z WO (0) — (O (0)
v vy

(b) Atx =0, 5«;(

_CHED-(5)2)_

-?
_n 4 Al w0 (0) —v(0)z’(0)
© Atx=0, dx(u) (O
_O-EDE_ T
(52 25

(d) Atx=0, —gx" (Tv = 2u) = T (0)—2u'(0)
=7(2)-2(=3)=20
24. (a) Atx=2, :i— (o) = w2+ v(2)u'(2)
=32+ (A}—H=2
_t_i_(_l{) _v@u'2) - w2 @)

) Atx=2,

dx\v e
_0EH-3@)
?
dfv (20 (23— v(De'(2)
Atx=2, —| =
© Aux dx(u] W2
_B@-a-4_10
3’ 9

{(d) Use the result from part {a) for gxw(uv).

Atx=2, i(3u~2v+2w)
dx

=3/ (2) - 2v(2) + Z-gx— ()
=3(-4)-2(+2(2)
=—12
28, y(x)=2x+3
Y3 =23)+5=11
The slope is 11. (iii}

N



r

26. The given equation is equivalentto y= gx + 6, so the slope

3
is . (i
5 (i)

3
2 B _dfx+l
dx  dx| 2x
G 2x~ 205+ 1)
42
=4x3—2
4x*
e A2 1
= = -
Yy s 2
ﬂ(1)3+1=1
ALy

1 11
==(x-D+l==x+=
y 2(x ) A

4
zs.-‘fﬁ_—.u—‘fm(" *2]

y®

dx  dx{ x*

X
(xR - 2a(xt +2)

_2x" -4

)=t 3

y-1 =
y=2x+D+3
y=2x+5

&_d
dc dx
=-8x -8

e e
3&ﬁ=iﬁ—i—ﬂ—q+m)

29, (4x?—8x+1)

de dxl 4 3 2

3 3

A TR B T

dy_dx-1___ 1

dx drafx+1 Axelx+1?

dy d 1
Ry R LI W ML
dx  dx Jx
11
_T£+2x3f2
3.y =x 45 =257 +x-5
yI =4x +3x% - 2x+1
1 =125% $6x-2
W =24x46
V=24

31.

3.

3s.

36.

37.
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¥ =xt+x+3
yi =2x41
Y =2
y'=0
yV =0
¥ =x"l4x?
Ve x4
P =2a 2
L
yw——24x5

x+1
y T e

x
r 1
Yy ey

2

2
it
yoom—r

e

6
i
Yoo

o
w 24
yoo=mo

=
Yi(x)=3x* -3

Y(2y=3(2° ~3=9
The tangent line has slope 9, so the perpendicular line has

slope -éw and passes through (2, 3).

1
y=- 5 (x-2)+3
yolp

9 9
Graphical support:

i

[—4.7,47 by [—2.1,4.1]

38. y(x)=3x" +1

The slope is 4 when 3x* +1= 4, at x = 1, The tangent at

x = -1 has slope 4 and passes through (-1, -2}, so its
equation is y = 4{x + 1) ~2, or y = 4x +2. The tangent at

x =1 has slope 4 and passes through (1, 2}, so its equation is
y=4{x~1)+2, or y= 4x ~ 2, The smallest slope occurs

when 3x2 +1is minimized, so the smallest slope is 1 and
occurs at x = 0.

Graphical support:

F
/
f

f—4.7,4.7) by [-3.1, 3.1]




300 Section 3.3

39, y'(x)=6x" —6x-12
=6(x% ~x~2)
=0(x +1{x—2)
The tangent is parallel 1o the x-axis when y " =0, atx =—1
and at x = 2. Since y(—1) = 27 and y(2) = 0, the two points
where this occurs are (~1, 27) and (2, ).
Graphical support:

AN

/

[—3, 3] by {10, 30]
48, v'(x)=3x"
Y{=2)=12
The tangent line has slope 12 and passes through (-2, -8),
50 its equation is y = 12(x +2) ~8, or y = 12x +16. The

. .4 . .
x-intercept is ~3 and the y-intercept is 16.

Graphical sapport:
/ [ /

[~3, 3] by [—20, 20]

(x + 1)(4) 4x(2x) -4x* +4
(x% +1)? 2 +1?

At the origin: y' (0) =4

The tangent is y = 4.

At(L,2):y (1)=0

The tangent is y="2.

Graphical support:

!
‘\""1-\-‘.
[~4.7, 4.7 by [~3.1, 3.1]
(4+x°)0)-8(2x) _ 16x

2. y(x) = =
Yt (4+x2) (4+x*)?*

41, ¥y'(x)=

1
V(DY = e
¥y 5
The tangent has slope ——;— and passes through (2, 1). Its

equation isy:——;—(x—23+1, or y= —%x+2.

Graphical support:

e

T

[—3,5]by[-2,4]

43. (a) Letf(x)==x.
f(Mh) flxy (x4~h)~—x-

hw)O h

——(x) Frix)= hm
h
= lim — = im{(1) =1
B0k ks
(b) Note that u = u(x) is a function of x.

d e (xR = [—u(x)]
&= k

- tim (__ u(x+h)_u(x)]
E—0 h

—lim w(x+h)—u(x) z_izi
B30 k dx

d d d
4. (oo fa)=comm flx)+ ) (0)

=c-§x—f(x)+0=c-f;f(x)

45 L = 5
de f(x) [f(x)} G

2
1. 9P _d_( AR an }

d( 1 J T g fm Jie)

dV  dvivenb y?

(V nb)w(nRT) (nRI) (V =~ nb) d

—a—‘—v—(anzV'"z)

(V —nb)?

—————-G nRT +2an®v3

(V —nb)*

nRT 2an®
—
(V-nby> V°

47. (4 0r%) = 9.8

=——{9 8 =98

-ale(54)

=£(£M2M}MM3)
2 3

=CM-M?

49, If the radius of a circle is changed by a very small amount
Ar, the change in the area can be thought of as a very thin
strip with length given by the circumference, 27r, and
width Ar. Therefore, the change in the area can be thought
of as (27r ) Ar), which means that the change in the area
divided by the change in the radius is just 27tr,

a
dr
d 2
a4
drR
48,
aM



50, If the radius of a sphere is changed by a very smali amount
Ar, the change in the volume can be thought of as a very
thin layer with an area given by the surface area, 4777, and
a thickness given by Ar. Therefore, the change in the
volume can be thought of as(47r®){Ar), which means that
the change in the volume divided by the change in the
radius is just 4x#%

51, Let £(x} be the number of trees and y(x) be the yield per tree
x years front now. Then #0) = 156, ¥0) = 12, ¢'(0) = 13,
and y'(0) = 1.5. The rate of increase of production is

%(ty) = £(0)y"(0) + y(037(0) = (156)(1.5) + (12)(13) = 390

busheis of annual production per year.

32. Let m(x) be the number of members and ¢{x} be the
pavillion cost x years from now. Then m(Q) = 65,
c{0) = 250, m'{0) = 6, and <"(0) = 10. The rate of change of
3 } _ m(0)(0) = c(0)m'(0)
[m(0)?

‘ o4
each member’s shave 1§ ——j -
dx\om

_ (65)(10)~ (250)(6) _
(65)"

member’s share of the cost is decreasing by approximately
20 cents per year.

~0.20% dolars per year, Each

53, False, 7 is a constant 5o %(75) =0,

. .
54. True. f'(x) = ~-=- is never zero, so there are no horizontal
X

tangents,
55, B. w‘i{m{uv) = ué}i+ vm@i
dx de  dx

= {2+ -D(3)

=1

i

56.D. flx)=x——
x

|
filay=1+—

x

4 ___an__
1=

:t(xml)m(aﬂ“l)

(x-1)*
-2
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58.B. fix)= (x*—DxZ+1)
x =%l

59. {a) |t is insignificant in the limiting case and can be treated
as zero (and removed from the expression).

(b) It was “rejected” because it is incomparably smaller
than the other terms: v du and u dv.

(©) —El—(uv) = vfdﬁ + uﬂ. This is equivalent to the product
dx dx  dx

rule given in the text.

{(d) Because dx is “infinitely smali,” and this could be
thought of as dividing by zero.

© d(EJz u+dumz
v

v+dv v

- (it + duw)v) — ()(v + dv)
(v+dv(v)

_ v vdu—uv —udv

v 4 vdy
_ vdu~—uydy

V2

Ouick Quiz Sections 3.1-3.3
1. D,

2. A, Since & gives the slope:
dx

-2 1
mlz—-—:——
~1=1 2
mzz——mlmw—Q
"

s.c - 42x03
dx dx 2x+1
_A2x+)-2(4x-3)

(2x 1)
L
2x-1)°

4. (a) %x %(x“ —4x%)

=4x? -8x=0
x=0, i\/ﬁ
®) x=1  y=0)"~41?
y=-3
y=m(x-x)+ 3
y=—4(x~T)~3

y=—4x+1
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4, Continued
11
[y = —
© m m, 4
=L-1-3
YTy
i1, 113

44 T4 g

Section 3.4 Velocity and Other Rates of
Change (pp. 127-140) '

Exploration 1 Growth Rings o a Tree
1. Figure 3.22 is a better model, as it shows rings of equal
area as opposed to rings of equal widrh. It is not likely that
a tree could sustain increased growth year after year,
although climate conditions do produce some years of
greater growth than others.

2. Rings of equal avea suggest that the tree adds approximately
the same amount of wood to its girth each year. With access
to approximately the same raw materials from which to
make the wood each year, this is how most trees actually
grow.

change in area
a '
If we denote this latter constant by k, we have
K
change in mdius
as the change in the radius. In other words, the change in
radius must get smaller when r gets bigger, and vice-versa.

Exploration 2 Modeling Horizontal Motion
1. The particle reverses direction at about ¢ = 0.61 and
t=2.06.

3. Since change in area is constant, so also is

= r, which means that r varies inversely

1}

{28 ¥z2

2. When the trace cursor is moving 1o the right the particle is
moving to the right, and when the cursor is moving to the
left the particle is moving to the left. Again we find the
particle reverses direction at about ¢ = 0,61 and 1= 2.06.

ﬁ:”“‘:‘::.::

3. When the trace cursor is moving upward the particle is
moving to the right, and when the cursor is moving
downward the particle is moving to the left. Again we find
the same values of ¢ for when the particle reverses direction.

|

4. We can represent the velocity by graphing the parametric
equations
x{h=x/()= 1242 - 320 +185, ¥, (8} =2 (patt 1),
X (0 =x,"(t)= 1247 =324 +18, ys(t)=1 (part 2),
xO=t y, (N =x"(ty= 1267 ~32¢ 415 (part 3)

£—8,20] by [—3, 5]
(g ¥y

PJ_,__.-M

gty

{~8, 20] by [~3, 5]
(x50 ¥5)

./

{~2, 5] by {~10, 20
(X5 Y
For (x,, v, and (x5, ¥;), the particle is moving to the right
whern the x-coordinate of the graph (velocity) is positive,
moving to the left when the x-coordinate of the graph
(velocity) is negative, and is stopped when the
x-coordinate of the graph (velocity) is 0. For (x,, y;).the
particle is moving to the right when the y-coordinate of the
graph (velocity) is positive, moving to the left when the
y-coordinate of the graph (velocity) is negative, and is
stopped when the y-coordinate of the graph (velocity) is 0.

Exploration 3 Seeing Motion on a Graphing
Caleniator ‘
1. Let AMin = 0 and Max = 10.

2. Since the rock achieves a maximum height of 400 feet,
set yMax to be slightly greater than 400, for example
yMax = 420.



4. The grapher proceeds with constant increments of £ (time),
so pixels appear on the screen at regular time intervals,
‘When the rock is moving more slowly, the pixels appear
closer together. When the rock is moving faster, the pixels
appear farther aparl. We observe faster motion when the
pixels are farther apart.

CGuick Review 3.4

1. The coefficient of x* is negative, so the parabola opens
downward.
Graphical support:

/f 5
[~1, 9] by [~300, 200]

2. The y-intercept is f(0) = -256.
See the solution to Bxercise 1 for graphical support.

3. The x~mtercepts occur when f(x) = 0.
~16x% +160x ~256 = 0
~16(x* - 10x+16) =0
-16(x-2)(x-8)=0
x=2orx=%§
The x-intercepts are 2 and 8. See the solution to Exercise 1
for graphical support.

4. Since f(x) = ~16(x> —10x+16)
= -16(x? —10x+25-9)=-16(x—5)% + 144, the range is
(—o0, 144].
See the solution to Exercise 1 for graphical sapport.

5. Since f(x) = -16{x* - 10x+16)
= —16(x% — 10x + 25~ 9 =~16(x — 5)* + 144, the vestex is at

(5, 144). See the solution to Exercise 1 for graphical support.

6. F(x)=80
~16x7 +160x — 256 =80
~16x% +160x-336=0
—16(x% -10x+2D) =0
~16{x=3)x~" =0
x=3orx=7
flxy=80atx=3and atx =7,
See the solution to Exercise 1 for graphical support.
dy _
7. i 160
~32x +160 =100
60=132x
15

X
8

i}ir—EOO atxwzwsv
dx g
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Graphical support: the graph of NDER f(x) is shown.
ooy

[-1, 9] by [~200, 200]

8. ffZ >0
dx
-32x+160 >0
-32x>-160

x<5

5d~~¥v>0whenx<5.
dx

See the solution to Exercise 7 for graphical support. -~
9. Note that f'(x) = ~32x +160. '

i F R ~F@) _

hi~20 h SHUS

For graphical support, use the graph shown in the solution

to Bxercise 7 and observe that NDER (f(x), 3) =64.

10. f7(x) = ~32x 4160

F/(3)=-32(3)+160 =64

S ey = 32

Atx= 7 (and, in fact, at any otherof x}, SR
2

ﬁm{« =32,

dx

Gra;:hfcai support: the graph of NDER{NDER f(x)) is

shown. N '

[~1, 9] by [-40, 10}
Section 3.4 Exercises
1 (a) V(s)=s>

a2

h) e 35

© V(D=3 =3
V3 =357% =75

(d) Ell
in

2
2.{a) AC )f::m
4

dC 2C C
B) —=—=—
dd 4z 2n
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2. Continved 7. (a) We estimate the slopes at several points as follows, then
, T 1 connect the points to create a smooth curve.
© A{m)s—=—
w2 t (days) 0 | 107 20 | 30 {4050
67
A'(BR) = o = 3 . Slope
oy (flies/ day) 0531301130 140135105
. 2
@ . : 7 {slope)
in 2ot

V3 2

3. (a) A(s)= —4—3

dA 3

®) ds 2 y
o3 ‘
O AQ)=—(2)= V3 Horizontal axis: Days
\/5 Vertical axis: Flies per day
A0y = 7(10) =53 {(b) Fastest: Around the 25th day
Slowest: Day 50 or day 0

in?

@ —. 8. Q)= 200(30~1)* = 200(900 - 601 + %)
= 180,000 - 12,0007 + 200¢*
4.(a) A(ry=2r Q) = ~12,000 + 400t

A The rate of change of the amount of water in the tank after

(b) = = 4r ) 10 minutes is Q'(10)=-8000 gallons per minute.
i Note that (’(10) < 0, so the rate at Which the water is

(@ A =4)=4 running out is positive. The water is running out at the rate

A'(8)=4(8)=32 of 8000 gallons per minute.

4 n? The average rate for the first 10 minutes is
@) o Q10) - O - 80,000&80,000 = ~10,000 gallons per
S5.(a) (i) _10-0 1o
minute.
50 The water is flowing out at an average rate of 10,000

gallons per minute over the first 10 min.

9. (a) The particle moves forward when v >0, for 0 <7< 1 and
for5<r<7.
The particle moves backward when v <0, for 1 <z<35.
The particle speeds up when v is negative and
decreasing, for 1 < <2, and when v is posttive and

ot Hs60) . increasing, for 5 < 1 <6.

Py o _ The particle slows down when v i3 positive and

(b) 5(1) =18, 5(2.5) =0, 5(3.5) =~12 decreasing, for 0 <1< 1 and for 6 << 7, and when v is

6.(a) (@) ' regative and increasing, for 3 <1< 5,

30 '

(b) Note that the acceleration g = gﬁ is undefined at ¢ =2,
t

" t=3 and1=6.

"\\"*"'/ L é H{sec) The acceleration is positive when v is increasing,

3 ford<i<b, i

The acceleration is negative when v is decreasing, for
O<r<2andforb<r<. "

] The acceleration is zero when v is constant, for 2 <t <3
andfor7<i£9.

{c) The particle moves at its greatest speed when | is
maximized, at t =0 and for 2 <t < 3.

(B) 5'(1) = ~6, (2.5} = 12, (3.5} = 24

VN

U



9. Continued

(d) The particle stands stili for more than an instant when v
stays at zero, for 7 <1 <9,

19. (a} The particle is moving left when the graph of s has
negative slope, for2 <r<3andfor 3<r<6.
The particle is moving right when the graph of s has
positive slope, for 0 <r< 1.
The particle is standing still when the graph of 5 is
horizontal, for 1 <t <2 and for 3 << 5.

B Fordzs<t:v =%—09=20rm'sec

Speed = || = 2 cm/sec

Fori<t<2iv =%:%=Gcm/sec

Speed = [v] = { cm/sec

-

ForZ2<r<3iv= = -4 cm/sec

Speed = v} = 4 cm/sec
-2—(-2)

For3<taSiy = ———=0 cm/sec
Speed = | = 0 cma/fsec
For5<is6v zﬁf:%%)«m—z cm/sec
Speed = vl =2 cm/sec
Velocity graph:
v() {cm/sec)
43
2

—
e

<2 ]

-l b e

Speed graph:
v Comsec)

41 Ol

2 f——c [y

.._
3
[©F-9
i
o

-2k

-4}

11. (a) The body reverses direction when v changes sign, at
t=2andatt="7.
{b) The body is moving at a constant speed, |v] =3 m/sec,
between ¢ =3 and ¢ = 6.
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{e) The speed graph is obtained by reflecting the negative
portion of the velocity graph, 2 < ¢ < 7, about the x-axis.

Speed{m/sec)
3_
ZA..
i
R S
-1 |
2}
3k
(d)Forosr<1:a=?—“—0=3m/sec2
-3-3 )
For1<t<3:am—n3——i—=—3m/sec
F‘or3<t<6:cz:ﬁ:—(lfﬁmowsec2
63
For6<t<8:az§-§—(—?=3m/secz

For8 << 10; amm(m}wl?—:—l.s m/sec”
108

Acceleration (m/fsec?)

3 > Ot
RECE RTINS

B0 (6,0
T e

~1F -
(8, ~1.5)

-2 (3,-3) (10, ~1.5)

)
{1,-3)
12. (a) It takes 135 seconds.

AF 5-0 3

b} A speed = e e

{b) Average spee & 730" 73
= 0.068 furlongs/sec.

() Using a symmetric difference quotient, the horse’s
speed is approximately
AF  4-2 2 1
e 22 e 282 e 28 e 255 (3, VT T FUE]O fsec,
At 59-33 26 13 HriogeRee
(d) The horse is running the fastest during the last furlong
(between 9th and 10th furlong markers). This furlong
takes only 11 seconds to run, which is the least amount
of time for a furlong.

(e} The horse accelerates the fastest during the first furlong
{between markers 0 and 1).

13. (a) Velocity: v(f) = %i" = %(241‘ w0.86%) = 24 - 1.61 mi/sec

Acceleration: a(t) = @i = —(—1—(24 ~1.66)=-1.6 m/sec?
dt dt
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13. Continved
{b) The rock reaches its highest point when
v =24-1.6t=0,at t =15. It took 15 seconds.

{¢) The maximum height was s{15) = 180 meters.
@ s0=3080)

24r— 0.8 =90
0=0.8/% — 241 +90

e 24 £ J(-24)7 — 40.8)(90)

20.8)
= 4,393, 25.607

it took about 4,393 seconds to reach half its maximum
height.
(e} $()=0
241081 =0
0.8:(30~0) =0
t=0o0rr=30

The rock was aloft from ¢ =0 to ¢ =30, so it was aloft for
30 seconds.

14, On Mars;
. ds d 2
Velocity == —— = —(1.86¢°) = 3.72¢
e(.”y dt dr( )

Solv.irfg 3.72t = 16.6, the downward velocity reaches
16,6 m/sec after about 4.462 sec,

On Jupiter:
. ds d 2
Velocity = — = — (1 1.44¢") = 22.88¢
Y dt dt ( )

Solving 22.88¢=16.6, the downward velocity reaches
16.6 m/sec after about 0.726 sec.

15. The rock reaches its maximum height when the velocity
()= 24981 =0, at 1= 2.449. Its maximum height is
about $(2.449) = 29.388 meters.

16. Moon:
(=0
832— 2.6t =0
2.66(320-1)=90
t=0 ort =320
It takes 320 seconds 1o return,
Earth:
s(t)=0
832t-16t2 =0
16:(52—1y =0
t=0 ort=352
1t takes 32 seconds to return.
17. The following is one way to simulate the problem sifuation,
For the moon:
2y =3¢ <160) -+ 3.1t 2 160)
¥ (=832t -2.6¢
t-values: 0 to 320
window: [0, 6] by [—-10,000, 70,0600}

For the earth:

x,(£)=3(t < 26)+ 3.1z 2 26)

¥, () =832~ 161

t-values: 0to 52

window: [0, 6] by {1000, 11,0007

18. (a) 190 fi/sec

(b) 2 seconds

(c) After 8 seconds, and its velocity was 0 ft/sec then

(d) After about 11 seconds, and it was falling 90 ft/sec then
(e) About 3 seconds (from the rocket’s highest .;')oih‘t)

() The acceleration was greatest just before the engine
stopped. The acceleration was constant from r=2 to
t= 11, while the rocket was in free fall.

19. (a) Displacement: = 5(3)—~5(0)=12~-2=10m

(b) Average velocity = Bm =2 m/fsec
: 5 sec

{¢) Velocity = .:'(t) =2~3
At r=4, velocity =5"(4)=2(4)~3=5 mfsec

() Acceleration = s () = 2 m/sec®
(e) The particle changes direction when-
3 2001 03 §
S =2-3=0,50¢= 3 SeC. .. g
(f) Since the acceleration is always positive, the position s is
at a minimum when the particle changes direction, at
3 a3 1
r ==sec. Its position at this time 1§ 5} = = —~ m.
2 P et f[z) 4

20. (2) v(H) = 5;—;‘ = %(—:3 + 72 =141 4+8)

W)y =—3¢" + 141 - 14

dv d 2
b =25 -
(b} a() = d:( 3% 114t -14)

alty=~6t+14
() v(f) =3+ 14t ~14=0
t=1.451,3.215

(d) The particle starts at the point s = () and moves left until
it stops at s =-0.631 at # = 1.451, then it moves right to
the point s = 2.213 at r= 3.215 where it stops again, and
finally continues left from there on.

21.(a) W) = %‘:— = g;(r— -4

= (¢ —2)3t - 10)

dv_gm N _
(b} d(r)—':&*— dr(t 2)(3t~10)
a(ty=6t—-16



21. Continuzed

© v(ty=0-2)3-10)=0
10

t=2, -
3

(1) The particle starts at the point 5 = —16 when ¢ = 0 and

move right until it stops at s = 0 when =2, then it

moves left to the point 5 = —1.185 when t= %’Q where it

stops again, and finally continues right from there on.
ds d 3 2
22. Fy= o == e (7 6" 4 B+ 2
(a) v(r) @ dt( )
v() =3t ~12¢+8
dv  d 2
b} a(t) == (3t° =12t + 8§
@) a(?) A dt< )
a(ty=6¢-12

(©) vty =32 12t +8=0
t=0.845, 3.155

(d) The particle starts at the point s = —16 when = 0 and
moves right until it stops at s = 5.079 at ¢ = (.8435, then

it moves left to the point 5 = ~1.079 at 1 = 3.155 where it

stops again, and finally continues right from there on.

23, () =5 = 3% — 120+ 9

a(ty =V () =6t—12

Find when velotity. is zero.

32 -12t+9 =0

3(° - 41+3) =0

Ar—-1r—3=0

t=1ort=3

Atr=1, the acceleration is a(l) =& misec?

At =13, the acceleration is a(3) = 6 m/sec’

24, a(t)=v'(6)=6t> —18t+12
Find when acceleration is zero.
6t —18t+12=0
67 -3t+2) =0
6(r— 1)z ~2)=0
t=lort=2"
Att=1, the speed is [v(1)|=10=0 m/sec.

Atz =2, the speed is [v(2) =|-1|=1 m/sec.

2
dy_dif, ¢
B.@ Mdz[G(I 12) }
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(b) The fluid level is falling fastest when & is the most

negative, at 1= 0, when% =~1. The fluid level is

falling slowest at 7 =12, when % =1{.

(e}

y is decreasing and % is negative over the entire interval
¥ decreases more rapidly early in the interval, and the
magnitude of % is larger then. % is O at r=12, where the

graph of y seems to have a horizontal tangent.

26. (a) To graph the velocity, we estimate the slopes at several

points as follows, then connect the points to create a
smooth curve.

t(hours) ] 0251 5] 75 |10 125 ] 15
v(anhow) | 0 | 56 | 75 | 56 | 0| -94 | —225
vi{kny/hr)

100}
_/;-\l' [ !{hnufs)

15

—100}
-200F

~300}1

To graph the acceleration, we estimate the slope of the
velocity grapy at several points as follows, and then
connect the points to create a smooth curve.

t (hours) 0125|575 | 10 | 125 ] 15

allanhow® | 30 15 | 0 | -15 | ~30 | ~45 | -60

akmihe?)
50

™

-50+

T 15 t(houss)
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26. Continued
dS 2
b) — =30t -3
(b) ~

Pt

<

{0, 151 by {300, 100]

2
452 30-61
dt

e
T

[0, 15] by [-100, 50]

The graphs are very similar,
¢(100) 11,000
100 100

(h) ¢'(x)=100~0.2x
Marginal cost= ¢’(100) = $80 per machine

27. {(a) Average cost = = $110 per machine

{¢) Actual cost of 1015t machine is
(101) — ¢{100) =$79.90, which is very close to the
marginal cost calculated in part (b).

=

[0, 50] by {3500, 2200]
The values of x which make sense are the whole
numbers, x 2 0.

28. (a)

d 1
b} Marginal = (x) = —| 2000] 1~ —
(b) Marginal revenue = r'(x) { ( * +1H

= i(zooo - 3999)
dx x+1
_ o EFDO)-(2000)(D) _ 2000
(x+1) (x+ 1)
seey . 2000 2000
(€) r'(5)= Ginto 36 55.56

The increase in revenue is approximately $55.56.

(d) The limit is 0. This means that as x gets large, one
reaches a point where very little extra revenue can be
expected from selling more desks.

29. (a)

©[0,200] by [-2, 12]

{b) The values of x which make sense are the whole
aumbess, x 2 0.

{0, 2007 by §-0.1, 0.2}
P is most sensitive to changes in x when lP’(x)] is

largest. It is relatively sensitive to changes in x between
approximately x = 60 and x = 160.

{d) The marginal profit, P’(x}, is greatest at x = 106.44.
Since x must be an integer,
“P(106) = 4.924 thousand dollars or $4924,

(e) P'(50)=0.013, or $13 per package sold
P'(100) = 0.165, or $165 per package sold
P(125)=0.118, or $118 per package sold
P(150) = 0.031, or $31 per package sold
P/{175) = 0008, or $6 per package sold
P/(300) = 107, or $0.001 per package sold

(f) The limit is 10. The maximum possible profit is $10,000
monthly.

() Yes. In order to sell more and more packages, the
company might need to lower the price to a point where
they won’t make any additional profit.

30. The particle is at (5, 2) when 46 ~ 16£ + 15t =3, which

oceurs at = 2.83.

31, Graph C is position, graph A is velocity, and graph B is

acceleration.

A I3 the derivative of C because it is positive, negative, and
zero where C is increasing, decreasing, and has horizontal
tangents, respectively. The relationship between B and A is
simnilar.

32, Graph C is position, graph B is velocity, and graph A is

acceleration.

B is the derivative of C because it is negative and zero
where C is decreasing and has horizontal tangents,
respectively,

A is the derivative of B because it is positive, negative, and
zero where B is increasing, decreasing, and has horizontal
tangents, respectively.

-



33. Note that “downward velocity” is positive when McCarthy
is falling downward. His downward velocity increases
steadily until the parachute opens, and then decreases to a
constant downward velocity. One possible sketch:

2
g
g
J
b
o
B
o
A
Time
) V=L s an
dr  dri\ 3 ‘

When r=2, %K = 4.’!‘&(2)2 = [ &7 cubic feet of volume
r

per foot of radius.

{b) The increase in the volume is

%n{z,zf - %7:(2)3 =~11.092 cubic feet.

35, Let v, be the exit velocity of a particle of lava. Then
$(t) = vyt — 161* feet; so the velocity is

ds . ds . Y
Pl 32¢. Solving - 0 givest= :;‘% Then the

maximum height, in feet, is

2 2
Yo Yol jal Yo ¥y ;
Yo loy | L)1l 22| =2 sl
S(BZ) v"[32) (32] a  TOE

oo 1900 gives v, = +348.712. The exit velocity was

64
about 348.712 ft/sec. Multiplying by M . M
ih 5280 &

we find that this is equivalent to about 237.758 mi/h.
36. By estimating the slope of the velocity graph at that point.

37. The motion can be simulated in parametric mode vsing
%0 =28 — 132 + 22r 5 and y,(5) =2 in [-6, 8] by [-3, 5].

(a) It begins at the point {~5, 2) moving in the positive
direction, After a little more than one second, it has
moved a bit past (6, 2) and it turns Hack in the negative
direction for approximately 2 seconds. At the end of that
time, it is near (-2, 2) and it turns back again in the
positive direction. After that, it continues moving in the
positive direction indefinitely, speeding up as it goes,

(b) The particle speeds up when its speed is increasing,
which occurs during the approximate intervals
1,153 €< 2.167 and £ 2 3,180, It slows down
during the approximate intervals 0 <¢< 1.153 and
2.167 £ <3.180. One way to determine the endpoints
of these intervals is to use a grapher to find the
minimnms and maximums for the speed, [NDER x(#),
using function mode in the window [0, 5] by [0, 10].
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(c) The particle changes direction at £ =~ 1,153 sec and at
£=3.180 gec.

{d) The particie is at rest “instantaneously” at ¢ = 1.153 sec
and at £= 3,180 sec.

{e) The velocity starts out positive but decreasing, it
becomes negative, then starts to increase, and becomes
positive again and continues to increase.

The speed is decreasing, reaches ( at £ = 1.15 sec, then
increases nntil 2= 2.17 sec, decreases until 7= 3.18 sec
when it is O again, and then increases after that.

(f) The particle is at (5, 2) when 27 - 134+ 22 -5 =5 a¢
t=0.745 sec, t = 1.626 sec, and at 1 ~ 4,129 sec.

38. (a) Solving 160 = 490¢” gives ¢ = t%. Tt took 5‘; of a second.

160 cm

The average velocity was _(—4_]—— sec = 280 cm/sec.

7
39, Since profit = revenue — cost, the Sum and Difference Rule
. d d d
ives — (profit) = — (revenue) — — (cost), where x is the
gives —- (profit) e ( ) o (cost),
number of units produced. This means that margin'%g;_
profit = marginal revenue — marginal cost. '
40. False. It is the absolute value of the velocity.

41. True. The acceleration is the first derivative of the velocity
which, in turn, is the second derivative of the position
function.

4222 x40 -G -2)
T dx x+4 x+4
. _x2+8x-2
Fo==a
=1 +8(-1)-2
-D+d

42.C

D=

43.D. Vixy=x°
v _
dx

3x*

44.E. gﬁmi(zwp—z?‘)
dr dt
wWiy=7-2t <0

T<2t
7

—<t
2

4;,1

2

5. C. v(i)=T-2t =0

T2t

f=—

2
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46. The growth rate is given by
Bty =10* -2 « 10%(£) = 10,000~ 2000z,
At 1 =0:5{0)= 10,000 bacteria/hour
At t=5:5(5) = 0 bacteria/hour.
At £=10: 5 (10) = ~10,000 bacteriahour

47.(2) g (x) = -jx-w) =3x%
Wiy =St -y =32
Tdx
rx)= %{ﬁ +3)=3x"

(b) The graphs of NDER g(x), NDER k(x), and NDER #(x)
are all the same, as shown.

\|/

[~4, 4 by {10, 20]

(€) f(x) must be of the form f(x)=x"+¢, where cis a
constant,

(d) Yes. f(x)=x"

(e) Yes. fix)= 3

48. For t > 0, the speed of the aircraft in meters per second after
3600 sec 1 km

1h 1000 m’
we find that this is equivalent 1o 8¢ kilometers per hour.
Solving 8¢ = 200 gives t = 23 seconds. The aircraft takes
25 seconds to become airborne, and the distance it travels
during this time is D(25) =~ 694.444 meters.

t seconds is %q.r Multiplying by

49, (a)} Assume that fis even. Then,

Flen) = lin LRI
f(x —1)=f(x).

h—-)O

and substituting k = —-h,

i L E R F)
k=20 -k
MUCHTCR
km>()
So, f7is an odd furzcnon.

)

(b) Assume that fis odd. Then,
o X R = f(=X)
e
G

) h
~and substituting k= -h,
=1 m“f(x+k}+f(x)
k) -k
f (x+ k) - f{x)
k->0
So, f* is an even furzct:on.

= f{x)

d d d d
50. a;(fgh)———[f{gh}]—f°——(gh}+gh-dx.(f)
Jdh o dg b
“f(g AR L Lo

(Do on(2)

Section 3.5 Derivatives of Trigonometric
Functions (pp. 141-147)

Exploration 1 Making a Conjecture with
NDER
1. When the graph of sin x is increasing, tl;)e graph of
NDER (sin x) is positive (above the x-axis).

2. When the graph of sin x is decrcasirig: the graph of
NDER (sin x) is negative (below the x-axis).

3. When the graph of sin x stops increasirié and starts
decreasing, the graph of NDER (sin x) crosses the x-axis
from above to below.

4. The slope of the graph of sin x maiches the value of
NDER (sin x) at these points.

5. We conjecture that NDER (sin x} = cos x. The graphs
coincide, supporting our conjecture.

-~ P N Pl
S o

{2, 2n] by {—4, 4]

6. When the graph of cos x is increasing, the graph of
NDER (cos x) is positive (above the x-axis).
When the graph of cos x is decreasing, the graph of
NDER (cos x) is negative (below the x-axis).;
When the graph of cos x stops increasing and starts.
decreasing, the graph of NDER (cos x) crosses the x-axis
from above to below.
The slope of the graph of cos x matches the valye of
NDER {cos x) at these points. o

e



6. Continzed

We conjecture that NDER (cos x) = —sin x. The graphs
coincide, supporting our conjecture.

L,

S

[—2m, 27l by [—4. 4]

Quick Review 3.5

o ki
1, 135% e 2 e 2
180° 4 356

180° _ ( 306

2.1.7- m)ow 97.403°
i1 T

4, Domain: All reals
Range: [-1, 1]

5, Domain: x = %?- for odd integers k

Range: All real§? 20

6. cosa=ty1-sin?q = #fl~ (-1)2 = £40 =0
: 3n -
7. Htana = -1, then g = ~E~+ k7 for some integer k,

. 1
sosing =&+,
2

8 I-cosh {(I—cosh)(l+cosh) 1-cos? h
Coh h(t+cosh) h(1+ cosh)
_ sinth
h(1+cosh)

9 y(x)=6x%—14x
y(3=12
The tangent line has slope 12 and passes through (3, 1),
50 its equation is y = 12(x = 3)+ 1, or v=12x-35.

W, ald) =V (=602 14t
a(H=12

Section 3.5 Exercises

I8 ?j;c-(l+x~,-cosx}=0+1—(—sinx)=1+sinx
d .. 2
2. E(zsmx-—tanx):Zcosstec X

3

b

%(é&Ssmx): -féw-%&osx

4, i—(xsecx)zx%{&eéx)-ﬁ-secx%(x}

=xsecxtanx+secx

10.

1L
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i inm =L 2 Lino s nn L ?
'dx(4 x smx)—dx@) [x dx(SIHx)+(Smx)dx(x )}

= 0-[x? cosx +Ginx)(2x)]

=—x% cosx - 2xsinx

d d d d
o 3%+ xtan x) = ——(3x)}+| x—(fan x) + tan x)—
dx(x xtan x) dx(x) [xdx( X+ x)dx(x)]
=3+ xsec x+tanx
gx—-(mixJ=5;{4secx)m4secxtanx
4 x z(l+cosx)%(x)—x§x—(l+cosx)
dx 1+cosx (1+cosx)?
_ l+cosx+xsinx
(1+cosx)*
{1+cot j— t 1 dl
_fi_ cotx ] cof x)dx(co x)—{ol X)E( +cotx)
dx 1+ cotx 1+ cotx)*
_ (I+cotx)(~csc” x) - (cot x) (—csc? x)
(t+cotx)*
_esx  esctxsin®x 1
(I+cotxy*  (I+cotx)sinx  (sinx+cosx)
(1+sin x)-%- - 2 (s
d_cosx ] smx)dx(msx) {cosx)dx( +sinx)
dx I+sinx {I+sinx)?
_ {1+sinx) (—sin x)— (cos x} {cos x)
(1+sinxy
_ —sinx ~sin® x~cos’x
(14 sin x)?
_ ~(l+sinx)
(1+sin x)*
L |
1+sinx
V()= %= %(5 sin 1)
vt} =3cost
dv d
ait)=—=—{5cos ¢
() T dx( )
alf) = ~5sint

The weight starts at 0, goes to 3, and the oscillates between
5 and -5, The period of the motion is 27, The speed is
greatest when cos ¢ = +1 (f = kn), zero when

cost=40 [t = %ﬁ k odd). The acceleration is greatest

when sin 1 =31 [r = %E’ k odd). zero when

st = O(f = kx).
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12 v(@) = %% = (—j;(’? cos t)

v(t) = ~Tsins
dv d )
e -—7
alt) e (=T sint)
alt) = —Tcost

The weight starts at 7, goes to 7, and then oscillates
between ~7 and 7. The period of the motion is 22 The

. . kr
speed is greatest when sin f= £l {t =5 k odd), 7eI0
when sin 7 =0 (¢ = kx). The acceleration is greatest when

cos ¢ = +1(r = kx), zero whencos t =0 (r = %E k odd).

ds d .
13. (@) v()) = ;i; = ;E(Z-l- 3sint)

v(#) = 3cost, speed =[3cos|

a(:):%:%@cosz)m%sim
7 ) 32 W2
(b v(Z]MSCOS(Z}— 5 » speed = 5

(el

{c} The body starts at 2, goes up to 5, goes down 10 —1, and
then oscillates between ~1 and 5. The period of motion
is 2.

14. (2) v(t) = % = 5—1(1 —dcost)

v(t)= 4 sin £, speed = |4 sin {|

dv d
= —(d sin ¢
a(ty & a‘r( sin 7)
af{ty=4 cos ¢

(b v{%r-] = 43111(—2-) = Z\E, speed = 2\/5

(2]4(3]2\/5

{¢) The body starts at -3, goes up to 5, and then osciilates
between 5 and --3. The period of the motion is 27

15. (a) v() = fff = %(Zsiﬂw 3cost)

dt
v(f)=2cost—3sint,speed=!2cosz—3sint[
dv d
1) e (D 0OST - J8INE
a(t) o dt( o8 sint)

alty=—2 sin -3 cos ¢

3 T T
b - |=2c08——3sin—
{)v[4) 0034 sm4

2
speed= -
po 3

a[%} = -2 8in Z B 3{:05—;E
( 75} -5\5
a| = = ——
4 2
(¢) The body starts at 3, goes to 3.606(~/13), and then

osciliates between —3.606 and 3.606. The period of the
motion is 27 ’ '

16. (a) v(t) = C%;— = g—r(cosr— 3sint)
v(t) = -sinf ~3cost, speed =]—gins - Jcos
dv d
1) = e = o (e GI f o BCOST
)= = gyl sine=360s)

a(t)=—cost+3sint

b v(g}m msin—g——-iicos%: —2@ %

speéci = 2\/-2-

4 4 i f
o | 22 e QY e 3 i e A f D
a(ﬁi-] SIIl4 0084

{c) The body starts at 1, goes © -3.162,(—\56), and then

oscillates between 3.162 and —3.162, The period of the
motion is 27.
da &
17, jity=—=—r
j=— X
Flt) =2cost
fli) =—2sint
[y =~2cost
fr@)=2sint

. da %

18, jln= i

- fin=1+2cost
ity =-2sint
Fy=-2cost
Fry=2sint

, da d°s
19, jit)= == %
f(t)=sint—cost
F ()= cosr+sint
FU() = —sint + cost
F7() = ~cost —sint



. da %
20.  jo @
Fley=2+2sint
F(®)="2cost
) =-2sin¢
Fry=2cost

21. y=sinx+3

ixw%(sinxéﬁ) = 08 X
WA =sinw+3=3

Y (ry=cosm=~1
tangentt y=—l{x-m)+3=—x+7m+3

normal: m, = L 1

"
y =(x—a)+3

22 Y= geCx

éz:ﬁ—(secx):secxtanx

dr  dx

¥ Zleswct=1414
4 4

¥ T ) secZ tanE = 1414
4 4 4

tangent: y=1.414(x — %) +1.414
y=1414x+0.303

normal: m, = -w}"w = 0,707
m

y = ~0.707(x ~ %)+ 1.414 = ~0.707x+1.970

23. y = x* sinx

gxx = —d—(x?‘ sinx)= Zxsinx + x” cosx
y(3) = (3 sin3=1.270
¥ (3) = 2(3)sin3+ (3)% cos3 = ~8.063

tangent: ¥ = ~8.063(x - 3} +1.270 = ~8.063x + 25.460

1
normal: m, =——=0.124
m
y=0.124{x - 3}-+1.270
y=0.124x+0.898
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cos(x+h)—cosx

24. Lim
h=30 h
= im (cosxcosh~sinxsinh)—cosx
A-30 h
. cosx{cosh-1)—sinxsink
= lim
h-30 h
= Ijm{(cosx} cosh=1_ (sinx}flf—h-)
b0 h
. cosh-1 . . sinh
I ey

= (cos X)) — (sin x) (1) = —sinx

(cog x) ?.Eci“ (sinx) — {sin x) gx“ {cosx)

d .
25. (@) L tanx =L 0% _ .

dx dx cosx (cosx)

_ osx)cos x)~(sin x}{—sin x)

cos” x
cos” x +sin” x 1 2
e ) = 3 =sgec X
cos” x cos” x

d 1 _(cosx)i—(l)w(l)im{cosx)

d
b) —secx=— =
( ) dx dx cosx {cos x)2
_ os x)(0) ~ (D)(-sinx)
cos® x
sinx
= 3= secxtanx
Cos“x
26. (a) —d—cotx = —d— cc')sx
dx dx sinx

. d d .
{sin x)a; (cosx)—(cosx) ?ixw(smx)

- {sin Jc)2

_ (sinx)(~—sinx}~{cos x)(cos x)

sin® x
_ —(s'm2 x+cos® Xx)
sin® x
= oo Iz = 080 X
sin“x

{b) -d—cscx = -c—i—i

dx dx sinx

) (sinx)%{l)—(i)%(sm

(sinx)2
- fsin x){0) —(D{cosx)
sin® x
COSX

sin® x

=—Cscxcotx

27, gx—secx = sec x tan x which is 0 at x = 0, so the siope of the

oo d . _
tangent line is 0. Exmcosx =—sinx whichis Cat x =10,

so the slope of the tangent line is 0.



114 Section 3.5

d -
28. ——tanx = sec’ x = 5 which is never 0.
dx cos” x
d 3 S
——COLX = —C8C" X = ——— , which is never 0.
sin“x -

29, y(x)y= —d%(\ﬁcosx) =—J/2sinx

5] )

The tangent line has slope —1 and passes

through (%, 2 cos —Z—) = (% 1}, 50 its equation is

i T
=]l g 1+, 0 ym—x+—+1.
¥ [»’5 4J ¥ 4

The normal line has slope 1 and passes through (%:—, 1),

80 its equation is yzl(x—ZJH, or y=x+1-:1—.

d 2
30, v'(x) = —tanx = seC
y{(x) e x X

d
(x)=--(2x)=2
¥{(x} [(x}
sec? x=2

Secx = i\fi

CO$ X == K
)

On (—-gw %] the solutions are x = i«}. The points on the

n n
——, =11 and | -, 11
curve are( a ) n (4 ]

31 y{x)= %(4 +ootx—2cscx)

=0~cse® x+20scxcot X
= —cse? x + 2escxcot x

Hq & 2 T T T
t = = —cs¢” —+ 2 e8¢ - cot
@ y(z) Rl R R

=1+ 200y =~1
The tangent Hne has slope ~1 and passes through

P(% ; 2). Its equation is y = —l(x— %J+2, or

T
R L
y=—x 5

(b) Fxy=0
wgsc? x+2cscxcotx =0

1 2008%
- - =0

sin’x sn’x
12 {(Zcosx—D=0
X

COsX =

X ==

wiy 1 |

at point

y = dtcotE-2csc
3 3 3

=44 __1_. - 2(_2_)
N
PRI
N
The coordinates of  are (3;— 4— J§ )
The equation of the horizontal line is y =4 \/?.)-

32. y’(x)r-?j—x—(1+«/§cscx+cotx) )

= 0+ +/2(=cscxcotx) +(~csc? x)
= —2 cscxcotx — ese® x

(a) y'("zi]mm Deselcot T —csc? X

4 4 4
= 2201 - (/2)*
i — 2 0w =4

The tangent line has slope —4 and passes through

P[‘g‘ 4). Its equation isy:%(xa%).ut, or

y=—4x+n+4.

h) y(x)=0
~f2 cscxcotx —cse® x =0
«Ecosx 1
snx  sinfx
(\Ecosx+1)=0

= {}

i
sin® x

1
COSY = ——=
V2
x=§7£ at point Q
4
y(%‘)= 1+J£cm%7£+cot§§

= 1422+ (1)

=2
The coordinates of Q are (ﬁg, 2).

The equation of the horizontal line is y=2.



