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CHAPTER 2
Differentiation

Section 2.1  The Derivative and the Slope of a Graph

Solutions to Even-Numbered Exercises

2.

10.

14.

16.

20.

f(x + Ax) — f(x) _

The tangent line at (x,, y,) has a negative slope. 4. Thetangent line a (x,, y,) has zero slope. The tangent line
The tangent line at (x,, y,) has a positive slope. at (x,, y,) has a positive slope.
y y
I f— X X
. Theslopeism = 3. 8. Theslopeism = 3.
Theslopeism = —3. 12. For 1998, t = 8 and m = 500.
For 2001, t = 11 and m= —90.
For 2003, t = 13 and m = 500.
(@ Att, f1(t;) > g’(ty), sotherunner given by f is running faster.

(b) Att, g'(t,) > f’(t,), sotherunner given by gis running faster. The runner given by f has traveled farther.
(c) At tg, the runners are at the same location, but the runner given by g is running faster.

(d) The runner given by g will finish first, because that runner finishes the distance at alesser value of t.

f(x + Ax) = —4 18.f(x+Ax)=%(x+Ax)+5=%x+%Ax+5
fx+Ax) —f(x) = —4—(—4) =0 L
fx+ A0 —f(x _ 0 _ 4 fix+ %) — f(x) = 54x

Ax Ax Fx + A — f() _ 1
lim f(x + AAX) — f(x) _o Ax 2
=0 X i TOCHA) — (9 _ 1

AX-0 Ax T2

f(x+ Ax) =1 — (x+ Ax)2 =1 — x2 — 2xAx — (Ax)?

f(x + Ax) — f(x) = —2xAx — (Ax)?

Ax —2X — AX

lim f(x + Ax) — f(x) _

AX-0 Ax -
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64  Chapter 2 Differentiation

22. f(x + AX) = VX + Ax + 2

fX+AX) —f(x) = X+ Ax+ 2 — /x+ 2

f(x+Ax)—f(x): X+AX+2—- UX+2 IX+A+2+x+2
Ax Ax X+AX+2+ Ux+2

_ X+xA+2) —(x+2

XA[VX XA+ 2+ X+ 2]

1
X AXF 2+ X+ 2
lim f(x + Ax) — f(x) _ 1
AX-0 Ax 2UX+ 2

24. f(t+ At) = (t + AD3 + (t + At)2 = 3 + 3t2At + 3t(At)2 + (At) + t2 + 2t(At) + (At)2
f(t + At) — f(t) = 3t2At + 3t(At)2 + (At)3 + 2t(At) + (At)?

ft+A) =) _ 5 3t(At) + (AD? + 2t + At

At
lim w =32 + 2t
At-0 At
26. g(s + As) = _r
-9 T s+As-—1
B _ 1 1 (s=)—(stAx—-1) As
9(s +4s) —g(9 = s+As—1 s—-1 (s+As—1(s—1)  (s+As—1(s— 1)
g(s + As) — g(s) _ 1
As (s+As—1)(s—1)
lim gs+A9 —ge 1
As-0 As (S— 1)2
28. f(x + Ax) = 2(x + Ax) + 4 30. f(x+AX) =6
f(x + AX) — f(X) = 2x + 2Ax + 4 — (2x + 4) = 2Ax fx+ Ax) —fx) =6-6=0
fx+ a9 = f(X) _ fx+ A9 —fx) _ 0 _
AX - AX TAX
lim fix + Ax) = f(x) _ 5 lim fix + Ax) — f(x) _ 0
AX-0 AX AX-0 Ax
At (1, 6), the slope of the tangent lineism = 2. At (-2, 6), the slope of the tangent lineism = 0.

y y

(=2,6)

- 0w Ao
! ! ! ! I
t t t t t

} } } t + }
-4 -3 -2 -1 12
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32. f(x+ Ax) = (X + Ax)2 + 2(x + Ax) + 1
= X2 + 2XAX + (AX)2 + 2x + 2Ax + 1
f(x + Ax) — f(X) = 2xAx + (AX)? + 2Ax

f(x+Ax)ff(x):2X+AXJr2
Ax

lim f(x + Ax) — f(x) _

Ax-0 AX x+2

At (—3, 4), the lope of the tangent lineism = 2(—=3) + 2 = —4.

y

34. f(x + Ax)

(x + Ax)® + 2(x + Ax)

X3 + 3x2AxX + 3x(Ax)? + (Ax)® + 2x + 2AX
3x2AX + 3x(Ax)2 + (AX)3 + 2Ax

f(x + Ax) — f(x)

Fox+ A0 = F) _ 204 a3 ax + (Ax)? + 2

Ax
A (X)L, g
fimy T e

At (1, 3), the slope of the tangent lineism = 3(1)? + 2 = 5. The figure shows the graph of f and the tangent line.

y

13

[ AN

36. f(x + AX) = V2(x + AX) — 2 y
f(x + Ax) — f(X) = V2X+ 2AXx — 2 — /22X — 2 0T
sl
_ VX F2AX =2 VX =2 /2XAH2AX =2+ VX =2 ol
1 22X+ 2Ax — 2+ V/2x — 2 W ©.4
_ ZAX 2/
2X+2AX — 2+ V2x — 2 A
f(x + Ax) — f(x) _ 2
AX 2X+ 20X — 2+ V/2x — 2
. fx+ Ax) — f(x) 2 1
lim = =
AX-0 Ax 2V2x — 2 22X — 2
At (9, 4), the slope of the tangent lineism = 1
, 4), p g 20 -2 &
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Chapter 2 Differentiation

38.

42.

46.

f(x + AX) = — (X + AX)2 = —x2 — 2xAX — (Ax)?
f(x + Ax) — f(x) = —2xAx — (Ax)?

f(x + Ax) — f(x) _
AX a

lim f(x + Ax) — f(x) _
AX-0 AX

—2x — Ax

—2X
At the point (—1, — 1), the slope of the tangent lineis
m = —2(—1) = 2. The equation of the tangent line is

y— (=1 =2x-(=1)]
y=2x+ 1

f(x + Ax) — f(x) _ 1
Ax 2Ux+ 2

From Exercise 22, lim

Ax-0
At the point (7, 3), the slope of the tangent lineism = 1
y-3=5k-1

Y76 e

<

f(x+ Ax) = (x + AX)2 + 1 = X2 + 2xAx + (Ax)2 + 1
f(x + Ax) — f(x) = 2xAx + (Ax)?

f(x + Ax) — f(x)
AX
fix + Ax) — f(x) _

AL[TOT = 2x (Slope of tangent line)

= 2X + AX

. From Exercise 26, lim
Ax-0

6.

40. f(x + AX) = 2(x + Ax)2 — 1

= 2x% + 4xAx + 2(Ax)2 — 1
f(x + Ax) — f(x) = 4xAx + 2(Ax)?

f(x + Ax) — f(x)
Ax

lim f(x + Ax) — f(x) _
Ax-0 AX

= 4x + 2Ax

4x

At the point (0, — 1), the slope of the tangent line is
m = 4(0) = 0. The equation of the horizontal tangent line
isy=—1

y

5 .\/, :

0.-1)

fix+ Ax) —f(x) -1
AX T (x— 1)?

At the point (2, 1), the Slopeis — 1.
y—-1=-1x-2)
y=-x+3

(2,1

Since the slope of the given lineis —2, wehave 2x = —2sox = —1 and f(—1) = 2. Therefore, at the point (—1, 2), the

tangent line parallel to 2x + y = Ois
y-2=-2x—(-1)]
y = —2X
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48. f(x + AX) = (X + AX)2 — (X + AX) = X2 + 2XAX + (Ax)2 — X — AX
f(x + Ax) — f(x) = 2xAx + (Ax)? — Ax

f(x + Ax) — f(x) ot Ax— 1
Ax

lim fix + Ax) = f(x) _

Ax-0 AX -1

Slopeof linex + 2y —6=0ism= —%.

Equating slopes. 2x — 1 = —%

1 1 .
y = _EX 16 Tangent line.

50. y is differentiable everywhere except the two cusps at 52. yisnot differentiable at x = 0. At (0, 0) the graph has a

X=+3. cusp.
54. yisdifferentiable everywhere except x = +2, wherefis 56. Since x = 1isanonremovable discontinuity, y is

not defined. differentiable everywhere except at x = 1.
58.

x |-2]-3 [-1] 5 o]t 1[5 |2

fx) | 2 11251 05| 0125| 0| 0125 | 05| 1125 | 2

f(x)| -2|-15|-1|-05| 0|05 1 15 2

Analytically, the slope of f(x) = 3x2is
im %(x + Ax)? — %xz

_ 1 2
m= lim (XA ZF6) _ _ jim XX T2 (x+ 1Ax) -
AX-0 AX Ax—0 AX Ax—0 AX AX—0 2

60. 3

f(x) | -6| -3375| -15| —-0375| 0| —0375 | —15| —-3375| —6

f(x) | 6 45 3 15 0| -—-15 -3 —45 -6

f(x) = —%xz f(x) = —3x
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lim f(x + Ax) — f(x) — lim 2+ 6(x+ Ax) — (X + Ax)2 — (2 + 6x — X3

62. fx) = AX-0 AX A|>I<ﬂ0 AX
_ _ 2
_ pim AX T 2AX = (AXP (6 - ok - Aw) — 6 — 2x
AX-0 AX AX-0

Graphsof f(x) = 2 + 6x — x?2and f(x) = 6 — 2x (seefigure)
The x-intercept of the derivative indicates a point of horizontal tangency for f.

13

m f(x + Ax) — f(x)

o4, 10 = im0
(x4 Ax)® - 6(x + Ax)Z2 — (X — 6x3)
lim
AX-0 Ax
— 1im X3 — 3xPAX + 3x(Ax)? + (Ax)® — 6(x2 + 2XAX + (AX)?) — X3 + 6X2
T Ax-0 AX

lim (3x% + 3xAx + (Ax)?2 — 12x — 6AX)

Ax-0

3x2 — 12x

4

-36

The x-intercepts of the derivative, x = 0, 4, indicate points of horizontal tangency for f.

66. One possible answer isy = x. 68. True

70. True (Seepage 89.)
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Section 2.2  Some Rules for Differentiation
2. (@ y=x%2 4. (@ y=xv2
,_3 1/2_3\6( ff_l—s/zf_ 1
y=2"""7 Y =X TN T T
At(1,1),y =32 At(1,1),y = —3.
(b) y=x3 (b) y=x2
' = 3x?
y y/ — _2X73 — _%
At(1,1),y = 3. X
At(1,1),y = —2.
6. f(x) =0 8. g(x) =3 10y =2t + 2 12. y’ = 3x? — 18x
) 5
14. y=6x2—2x+3 16. h(x) = §x3/2
18, g(x) = 4x/3 + 2 m.ﬁnzq—wa:—g
gon (1 4
g'(x) = 4(5)( 2/3> T 323
Function Rewrite Differentiate Smplify
4 4
- £ = £y-2 r= _2y-3 .
2.Y= 50 y=3% =3 3
_ T _ T f_ 27 _2m
BY=5Gp YT¥ y 9 ¥ o
ax 4 ’ 3 ’ 3
26.y:F y = 4X y’ = 16X y’ = 16X
_ _i: _i"—l — 2_2)2 3 _
28. f(t)=4 3 4 3t 30. y 3x(x ™ 32— 6
/— Qy2
)= 302 = o Y=
At (2,18),y’ = 9(2)2 = 36.
,(1) 16
(=) =2
2 3

32. f(x) = 3(5 — x)2 = 75 — 30x + 3x?
f(x) = —30 + 6x = —6(x — 5)

At (5,0),f(5) = 0.

36. f(X)=X2+4x-i-%=x2+4x+x*l

fX) =2Xx+4—-x2=2x+4—=

1
¥2

34. f(x) = x> — 3x — 3x~

2+5x3

f(x) = 2x — 3+ 6x 3 — 16x 4

6

:2X_3+ﬁ_7

38. f(x) = (@ + 2X)(x +

f(X) = 3x2 + 6x + 2

15
x4

1) = x3 + 32 + 2x



70  Chapter 2 Differentiation
2
40. f(x) = (3x2 — BX)(xX2 + 2) = 3x4 — 5x + 6x2 — 10x 42, f(x) = 2’(75””1 —2x—3+x1t
/ — 3 _ 2 —
f/(x) = 12x 15x# + 12x — 10 o L 1 201
f(x) =2—x —27?— 2
_ 63 2 _
a4, f(x) = - +3XX 2Xt1_ g tax—24xt 46. f(x) = x¥3 — 1
1 1
fAX) = =x2/3 =
f/(x)=—12x+3—x*2=—12x+3—x—12 00 = 37%° = 3
48. vy =3x2+1 50. f(x) =x2?3—x
At(—1, —2), the slopeism = 4. f(x) = —5x 53— 1
The equation of the tangent lineis f(-1) = -5-1)-1= -3
y— (=2 =4x-(-1)] Tangent line: y — 2 = —3(x + 1)
y+2=4ax+4 y=—3x+3
y=4x+ 2.
52. y'=3x2+ 6x = 3xX(x + 2) = Owhenx = 0, —2. 54. y'=2x+ 2=0whenx = —1.
The function has horizontal tangent lines at the points The function has a horizontal tangent line at the point
(0,0) and (—2, 4). (—1,-1).
56. (a) © !
o
27, :’f
' = 0
2/('11/’
(B) 00 = 900 = W) = 2x V2 = 2
2 2./x
/| /| /| 1
MO =g =nD =5
58. R = —1.17879t* + 38.3641t% — 469.994t% + 2820.22t — 5577.7

(t = 6 corresponds to 1996; 6 > t > 12)

(@ R(t) = —4.71516t% + 115.0923t> — 939.988t + 2820.22
1997: R(7) = 2625
2000: R/(10) =~ 214.4
2002: R(12) =~ —34.1

(b) These results are close to the estimates.

(c) The units of R” are millions of dollars per year.



Section 2.3 Rates of Change: Velocity and Marginals 71
60. C = 7.75x + 500
C’ = 7.75, which equals the variable cost.
62. (a) More men and women seem to suffer from migraines 5
between 30 and 40 years old. More males than E /
females suffer from migraines. Fewer people whose > ",
income is greater than or equal to $30,000 suffer from S
migraines than people whose income is | ess than
$10,000. 5
(b) The derivatives are positive up to approximately f has horizontal tangents (y’ = 0) at (1.2, 0) and
37 years old and negative after about 37 years of (—0.267, 1.577).
age. The percent of adults suffering from migraines
increases up to about 37 years old, then decreases.
The units of the derivative are percent of adults
suffering from migraines per year.
66. True. cisa constant.
Section 2.3  Rates of Change: Velocity and Marginals
2. (@ % — $29 billion per year Ch=1-x[01]h(x = -1
_ oh(1)-h(0_0-1_
®) 390 — 200 _ $19 billion per year Average rate of change: 1-o0 ~— 1 1
1210 — 500 N Instantaneous rates of change: h’(0) = h’(1) = —1
() ——=—— = $71 billion per year
10 y
i
(d %Osgozwwuion per year 2
N
© 1150 = 210 _ ¢43 pitlion per year 5o ly x
22 ad
21
() wx$23 billion per year 2
Answers will vary.
6. f (X) =2X—6 ; f(X) = x-1/2 f’(X) — _%X_a/z _ 2_3:}-2
Average rate of change: X
Ay _f(3 -f(-1) _-10-6_ » Average rate of change:
Ax 3-(-1) 4 ﬂ:f(4)—f(1):1/2—1:71
Instantaneous rates of change: f(—1) = —8, f(3) =0 Ax 4-1 s 6
1

(-1,

y
6)

Instantaneous rates of change: f(4) = —1—16, (1) =

y

BN oW A O
L ! L X I
t \

L L L L y :
t t t t t t
-1 1 2 3 4 5




72 Chapter 2 Differentiation

10. g'(x) = 3x2 12. (@ Fromt = 1tot = 2: [1, 2]: The average rate of
changeisincreasing at the greatest rate. Fromt = 5

Averagerate of change: tot = 6: [5, 6]: the average rate of change is decreas-

Ay g -9g=1) 0-(=2 _ . ing at the greatest rate.
Ax 1-(=9 2 (b) Att = 4, m’ = 0. Over [2, 5], the average rate of
Instantaneous rates of change: g(—1) = 3, g(1) = 3 change is also 0. [Other answers possible.]
4
6 71, 0)
(71,72)[f

—4

14. (& H(v) = 33 10<%v*1/2) - 1] = 33[% - 1] Rate of change of heat loss.
(b) H'(2) = 33 % - 1] ~ 83.673 + 3600 =~ 0.023 kilocal ories/ meters®
H'(5) = 33 % - 1] ~ 40.790 + 3600 ~ 0.11 kilocalories/meters?

16. Firstleg: 0.75 km in 20 seconds
Second leg: 0.75 km in 25 seconds

€] 02—25 = 0.0375km/sec = 37.5m/sec

150

(b) 0+ 25 0.33km/sec = 33.33 m/sec
18. ‘;—i = 7200 20. ?Tg = 100[0 + 3(%(]/2)] = %
22. ‘3—5 =30 — 2x 24, % = 50[20 - gxl/z] = 1000 — 75/x
26. % = _05x + 2000 28. P _ _15¢ + 60x — 164.25

dx dx

30. () R(15) — R(14) = 2(15)[900 + 32(15) — 15?] — 2(14)[900 + 32(14) — 14?]
= 34,650 — 32,256 = 2394 dollars
(b) R = 1800x + 64x2 — 2x3
R'(x) = 1800 + 128x — 6x2
R’(14) = 2416 dollars

(c) The answers are nearly the same.
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32. P = 222 + 52t + 10,000 34, ‘;—z = 2048(%X—1/2) - %(,fos)
(@ P(0) = 10,000 people 1024 N 1
P(10) = 12,720 people x4
P(15) = 15,730 people (8) When x = 150, ‘;—z ~ $83.61.
P(20) = 19,840 people dp
The population is growing quadratically. (b) When x = 175, - ~ $77.41.
(b) dap _ 44t + 52 (c) When x = 200, ap_ $72.41.
dt dx
(c) P’(0) = 52 people per year (d) When x = 225, % ~ $68.27.

P’(10) = 492 people per year
P’(15) = 712 people per year
P’(20) = 932 people per year

The rate of growth isincreasing.

36. (@) TR = —10Q? + 160Q 38.
(b) (TR’ = MR = —20Q + 160
©[q o |2 |4 |6 |8 |10
Model | 160 | 120 | 80 | 40| 0 | —40
Table | — | 130 |90 |50 10| —30
40. C=v(x) + k 42.

Marginal cost: C’ = v’(x) + 0 = v/(x)
Thus, the marginal cost is independent of the fixed cost.

(6) When x = 250, ‘;—z ~ $64.76.

(f) When x = 275, (:Tz ~ $61.75.

(36,000, 6), (33,000, 7)
Sope __ T-6 _ -1
P€ = 33,000 — 36,000 3000
6= —— (x — 36,000)
P~ 0= 3000 '
= —ix + 18  (demand function)
P= 3000

@P=R-C=xp-C

= x<—ﬁx + 18
2
= 3000 + 17.8x — 85,000
(b) 200,000
0 60,000

0

P’(18,000) > 0 [J positive slope
P’(36,000) < O [0 negative Sope

, _ —X
(©) P = 3555 * 178

P’(18,000) = 5.8 dollars per ticket
P’(36,000) = —6.2 dollars per ticket

dC _ 1,008,000 n 63

dQ Q? 10
C(351) — C(350) =~ —$1.91
dc

— = —$1.93 per unit when Q = 350.

dQ

) — (0.2x — 85,000)
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_ 15,000 miles/year
44. C(x) = “xmilesgalion (1.30 dollars/gallon)
= 19)(7500 dollarsyear
, —19,500
Cw="e
X 10 15 20 25 30 35 40
C(x) | 1950 | 1300 975 780 650 557.14 | 487.50

46.

48.

C(x)| —195| —86.67 | —48.75 | —31.2 | —2167 | —1592 | —12.19

The car that gets 15 miles per gallon will benefit more.

N
——

(a) 12

-12

4 ., —4

(b) f(x)=;=4x L (%) = —4x 2=7
X 3 3 i 1 |2 |3 4 5
f(x) | 32 6 |8 4 |2 |133 |1 0.8
f(x) | —256 | —64 | —16 | —4 | —1| —0.44 | —0.25 | —0.16

11]. _ 16-32
(c) Bk average rate of change = 7(1/4) s 128
"1 1]
22 :  averagerate of change = —32
1
> 1|: averagerateof change = —8

[1,2]: averagerate of change = —2
[2,3]: averagerate of change = —0.67
[3,4]: averagerate of change = —0.33
[4,5]: averagerate of change = —0.2

f(x) = x* — 12x3 + 52x2 — 96X + 64

f/(x) = 4x3 — 36x2 + 104x — 96

f(x) = Owhenx = 2, 3, 4.

Therefore, f has horizontal tangents at (2, 0), (3, 1), and (4, 0).

5

L

P

o
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75

Section 2.4

2. f(x) = (x2+ 1)(2) + (2x + 5)(2%)
=6x2 + 10x + 2
f(-1)=-2

6. g(x) = (@ —2x+ (33 + (- 1)(2x — 2
=3, -3+ 32+ 2 — 23— 2x+ 2

=5x*—8x3+3x2— 2x+ 2

The Product and Quotient Rules

_12x

4 t(x) = %(—12x) - -2

(1) = —12
71 = -3

6 i - I~ 0AW)

g1 =0
3X
10. f(x) = 2+ 4
f’(X) _ (Xz + 4)(3) - 3X(2X) _ —3x2+ 12
@ + 4)? (2 + 4)2
(- =9
f(D_%
4x — 5
14. g(x) = 21
g = DA = (X -5 _ —4x + 10x — 4
g ¢ - 17 0@ 17
90 = -4
Function Rewrite Differentiate
3/2
16. y = 4XX y = 4xY/? y = 2x" V2
= i = ﬂ -2 r— _2y-3
18. y= Bx2 y 5X y 5)(
3x2 — 4x 1 2 , 1
.y=""g— Y= X—gX#0  y'=5x%0
2 _
22-Y=);+24 Yy=X—2,X# —2 y=1x# -2

24. h(t) = (t5— 1)(4t2 — 7t — 3)
h(t) = (15— 1)(8t — 7) + (5tH(4t> — 7t — 3)
= 8t — 7t5 — 8t + 7 + 20t6 — 35t5> — 15t4
= 28t6 — 42t5 — 15t - 8t + 7

(x + 3)2
:2x2+6x—x2:x2+6x
(x + 3)? (x + 3)?
(1) = 2
h(-1 = -2
o =DM - x+ DA _ 2
12. f(x) = x = 12 = Tx- 12

f(2)=-2
Smplify
2
Yo
, 8
Y'= oo
1
y —2,x¢0
y=1x# -2

26. h(p) = (p® - 2)
h(p) = p® — 4p® + 4
h'(p) = 6p° — 12p? = 6p%(p° — 2)
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28. f(X) = X¥3(x + 1) = x#¥3 + x¥/3
4 1
(X) = =x¥/3 + =x—2/3
f/(x) 3x 3x

4xY/3 1 4x+1
3 3R 3k

32. f(x) = (x5 — 3x)(1/x3)

f(x) = (x5 — 3x)<%> — 3 S

3 3x4+3:3(x4+1)

f/(x) = 3x2 + 2= 2

t+2

¥ =E 56

_(+5t+6)(1) —(t+2)(2t+5

o) (@ + 5 + 67

—t2 -4t -4

(t+ 22t + 3)?
(t + 272

(t+ 24t + 3)2

-1
=4 3e 3)2,'[ #+ -2

Equivalently, note that

tv2 1
t+2t+3 t+3

h(t) =

38. f(x) = (3x3 + 4x)(x — 5)(x + 1)

f(X) = (3 + 4X)(X —5)(x+ 1) = (33 + 4x)(x2 — 4x — 5)
f(x) = (33 + 4X)(2x — 4) + (X2 — 4x — 5)(9%2 + 4)

30. f(x) = e

36. f(x) =

x3+ 3+ 2
-1

f/(x) = (3= 1B +3) — (x®+ 3x + 2)(2x)

(@ = 12
3x4 — 3 — 2x* — 6x? — 4X
(@ — 17
x4t —-6x2—4x—3
(x> —1)?

X+ 1
VX

X+ 1

f(x) = = xY2 + x V2

1 1
/ — Zy1/2 _ —y—3/2
f(x) X X

iy 1
_2X1/2 X372

_1x-1
-2\ x¥2

_x—1

- 2x¥2

= (6x* — 12x3 + 8x%2 — 16x) + (9x* — 36x3 — 41x2 — 16x — 20)

= 15x* — 48x3 — 33x2 — 32x — 20

40. h(X)=(R@—-12 (=29

h(x) = 2(x? — 1)(2x) = 4x(x?> — 1)

h(-2) = 4-2)(4 - 1) = —24
y—9=—24(x+2)

12

y = —24x — 39

42.

f(x) =

2X+1
5 @59

71'

o x—12-(x+1 -3
¥ = = x= 12

(x = 1)
f(2) = -3
y—-5=-3x-2)

y=-3x+11
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5 x2 —3x — 10
44, g(x) = (x + 2)<x+ 1) 1 (0, —10)
yon . X+D2x—-3) - (®—-3x—-10 X+ 2x+7
900 = (x + 12 TG
910) = 7
y+10=7(x — 0)
y=7x—10
s P+ D2 - (322X
46. 119 = o + 1)2 =62+ 12

f/(x) = 0 when 2x = 0, which impliesthat x = 0.
Thus, the horizontal tangent line occurs at (0, 0).

50. f(x)
f(xX) = 3x2 + 2x = x(3x + 2)

7
2

g Koo (P - (DO

dp (p+ 172

2

(p+1?

_—(p+12-2
 (p+ 172

-p>-2p-—3
(p+1)?

dx —-9-6-3

Whenp—3dfpr:—

=x¥x+ 1) =x3+ x2

_1_

®|©

56. Theinitial temperatureisT = 10<10> = 75 deg.

(42 + 16t + 75)(2t + 4)

/

(0,-10)

-14

(x2 4+ 1)(4x3) — (x* + 3)(2x)
(x2 + 1)2

_ 2X(x2 + 3)(x2 — 1)

48. f(x) = 2+ 17

f/(x) = Owhen x = 0 and x = +1. Thus, the horizontal
tangent line occurs at the points (0, 3), (1, 2), and (—1, 2).

52. f(x) = x3(x + I)(x — 1) = x* — x2
f(x) = 4x3 — 2x = 2x(2x2 — 1)
-2 \I?‘_f W 2
—700(t + 2)

dr _ [(t2 + 4t + 10)(8t + 16) —
dt (t2 + 4t + 10)?

dT _—-7003) 28

(& Whent = 1, o (152 =-3= —9.33deg/hr.
_ o dT _ —700(5 _ 3500 _
(b) Whent = 3, N —3.64 deg/hr.
dr _ —700(7 196
(c) Whent =5, i (55)(2 ) _ 1= —1.62 deg/hr.
(d) Whent = 10, dT _ —700(12) -8 —0.37 deg/hr.

dt  (150)2 75

]_10[ —70t—140]_
L2 + 4t + 10)2] T (12 + 4t + 10)2
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58 dP _ 50(t + 2)(1) — (t + 1750)(50) _ SO[(t + 2) — (t + 1750)] _ —1748 _ —874
"ot [50(t + 2)]2 2500(t + 2)2 50(t + 2)2  25(t + 2)?
P —874
(& Whent = 1, W s —3.88 percent/day.
(b) Whent = 10, d>_ —8r4_ 437 —0.24 percent/day.

dt 3600 1800

60. (@ P=ax?>+ bx+ ¢
When x = 10, P = 50: 50 = 100a + 10b + c.
When x = 12, P = 60: 60 = 144a + 12b + c.
When x = 14, P = 65: 65 = 196a + 14b + c.
Solving this system, we have
a= —%, b=7f45,andc= —75.
Thus, P = —gxz + 7745x — 75.

( b) 80

0 20
0

(c) Marginal profit: P" = f%x + ? =0 x=15

This is the maximum point on the graph of P.

300t
64. M(t)=t2+1+8
Lo (t? + 1)(300) — 300t(2t)  300(1 — t?)
(@ M) = (2 + 1)2 T2+ 12
(b) M(3) = 98
M'(3) = —24

() M(24) =~ 20.48
M’(24) = —0.52

62. C=x3—15x2+87x— 73, 4<x<9

Marginal cost: z—i = 3x? — 30x + 87

Average cost: % = x2 — 16x + 87 — 7—5

(a 60

4 - 9
0

(b) Point of intersection:

3x2—30x+87:x2—15x+87—7—;3
2x2—15x+7—f:o

23 —15x2+ 73=0

X =~ 6.683
When x = 6.683, ¢ = ac =~ 20.50.
X dx

Thus, the point of intersection is (6.683, 20.50). At
this point average cost is at a minimum.

66. Answerswill vary.
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Section 2.5 The Chain Rule

y = f(g) u=gX y = f(u) y = f(gx) u=gXx y = f(u)
2y=xX-2x+3° u=x2-2+3 y=ud 4.y = (x2+ 1)¥3 u=x2+1 y = u¥3
6.y=9-x2 u=9-x y = u¥/2 8. y=(x+1)v2 u=x+1 y=uv2
10. f(x) = 1 Exxs Quotient Rule (d) 12. f(x) = 3/x2=x¥3  Simple Power Rule (a)

14. (a) First rewrite f(x) = x/2 — 2x1/2 + x~/2, then use the Simple Power Rule.

16. (c) Rewriteasf(x) = 5(x? + 2)~* and use the Genera Power Rule.

18. y’ = 4(3x% + 1)3(6x) = 24x(3x? + 1)° 20. h'(t) = 4(1 — t?)3(—2t) = —8t(1 — t?)3
2 6
M) — — ¥2)2(4 — — _ — x2)2 M) = £ -1/3(Q) = 183 = — —
22. f/(x) = 3(4x — x3)3(4 — 2x) = 6(2 — x)(4x — x?) 24, f(t) 3 (9t + 2)7%3(9) = 6(9t + 2) Vorio
26. g(x) = V/2x+ 3 = (2x + 3)¥2 28. y= ¥3x3 + 4x = (3x3 + 4x)¥3
1 1 1 X2 + 4
Hy) — — ~12(9) — ___~ /T (ay3 —2/3(Qy2 _ AT
g’(x) 2(2x + 37722 T3 y 3(3x + 4x)"73(9x2 + 4) 33 + 47
30. y=2(4—x3)¥2 32. f(x) = (25 + x?3)~V2
b oL\ g oy T 2X iy — 1 2)-3/2 - —X
y' = 2(2)(4 X2)~Y2(—2x) = T f(x) = 2(25 + x2)7¥2(2x) = 5+ X272
00 = —2(4 — 30 72(—3) = — 2
34. f/(x) 2(4 3X)~73(—3) 24— 37

36. gx) = 3(9x — 4)*,  (2,115,248)
g'(x) = 12(9x — 4)3(9) = 108(9x — 4)3
g'(2) = 12(14)3(9) = 296,352
y — 115,248 = 296,352(x — 2)

y = 296,352x — 477,456

200,000

AN 5
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38. f(X) = x/X2 + 5 = x(x2 + 5)¥2

Point: (2,1(2)) = (2,6)

Hm={§ﬂ+aﬂwm]uﬂ+awm

X3(x2 4+ 5)"Y2 + (x2 + 5)V2
= (X2 + 5)7Y2[x2 + (x2 + 5)]
_2¢+5
VX% +5

When x = 2, the slopeis f(2) = £ and the equation of
the tangent line is

13
y-6=3Kx-2

3y — 18 = 13x — 26
0=13x -3y -8

_1._8
37 3
10
-1 = 4
-1
2x
42. f(x) = 2
TP —
2U/Xx(x + 1)32
f”is never O.
3
f
&@'
-1 3
-1
46, St) = 5= = (2 + 3t — 1)
' t2+3t-1

s(t) = —1(t2+ 3t — 1)~22t + 3)

2t+ 3
(t2 + 3t — 1)?

50.

= (x + 212

yz\/x+2

y = f%(x +2)792 = 1

20x + 272

_ 3
. g(X) - m

40. g(x) = (4 — 3x?)~ %3

02 = (-8 =5
900 = ~5(4 - 3 960 = ;s
S R
y-7=-3x-2)
e
e V)
L0 = VX2 — %)
=
f has a horizontal tangent when f” = 0.
Lhe L
RN
.ﬂm:&g%@:aﬁ—@ﬂ
mm=a7mﬁf@%®@=&;%%

=303 — 1)V8

g0 = 3~3)0 - 1430 = 5oy
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54. f(x) = x3(x — 4)?
= x3(x? — 8x + 16)
= x5 — 8x4 + 16x3
f/(x) = 5x* — 32x3 + 48x2
= Xx2(5x2 — 32x + 48)
= x%(5x — 12)(x — 4)

58. y = JX(Xx — 2)2 = x¥2(x — 2)2

Y= xe20c — 29 + - 27 (312

=2/x(x - 2) + ("2_7\/?2

_Ix(x—=2) + (x — 2)?

a 2%

_ (x=2)[x+ (x = 2)]
2J/x

_ (x=2(x—-2

a 2%

62. gx) = Ux—1+ Ux+1=Kx—-1DYV2+ (x+ 1)¥2
000 = 30— DVAD) + Z(x + )3

1 1
= +
2Ux—1 2Ux+1

56. y=tJ/t+ 1=t(t+ 1)v2

y = t[%(t + 1)*1/2(1)] (t+ DY)
= %t(t +1)7Y2 + (t + Y2
= 2+ 1)+ 2t + 1)

=+ 3+ )

_3t+2
2/t + 1
3t2
L gt) = ——
60 gt Ji2+2t—1
(0 = BF 2= D6 ~3e () + 2 - )22+ 2)
a 2+ 2t—1
_ (t2+ 2t — 1)~V(12 + 2t — 1)(6t) — 3tA(t + 1)]

(t2+2t—1)

_ Bt + 122 — 6t — 33 — 32
(2 + 2t — 1)%2

3t + 9t2 — 6t

(2t 2t - 132

_ 3+ 3t -2
(€ + 2t — 1)

=[5 - o g

a3 = %3%6x5 — x5(3)(8 — x)A(—1)

y'= 64[ FEE }
| X[6(3 — x) + 3x] _ x3(6 — X)
‘M{ @ =% } 192 "G

(33) 2

66. s(x) = (x2 — 3x + 4)~V2,

s'(x) = —%(x2 —3X+ 4)7¥2(2x — 3) ) ,__::"'““‘—-h_h__n:

_ 3 -2 A
2(x2 — 3x + 4)¥2
qay . 3-6 _ 3
SO = @72~ 16

1 3
y=5= 36—

-3
Y= 716" 16
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68 — L
Y Ix+1
y = VX F 1(2) — 2x3(x + 1)~1/2

X+ 1

_2x+1)-x_ x+2
(X +1)3¥2 0 (x+ 1)32

5 5

y'(3) =

y—3=—-(x—3)

ool olor ol

X
+

<
I
| ©

72. P = 0.25(0.5n2 + 5n + 25)¥2
1/1 _
P(n) = Z<§>(0.5n2 + 5n + 25)~Y2(n + 5)

12,000 + 5
[0.5(12,000)2 + 5(12,000) + 25]%/2

=~ 0.177

P/(12,000) = g

76. () Using the General Power Rule,

X

V25 + x?

Y= x| ~5(25 + @) 320| + (25 + V)

70. y= = X(25 + x?)~V2

= X225 + X)) Y2 4 (25 + xO) V2
(25 + X)) "9 —x2 + (25 + X2)]

2
(25 + x)¥2
/| —_ 1 !
y(©) =¢ -
-3 3
y-0=5(x-0
l -1
y= gX
74. (8 V= K
' Ji+1
Whent = 0, V = 10,000.
k
10,000 = ——— [0 k = 10,000
JvOo+1
_ 10,000
Jt+1
(b) V = 10,000(t + 1)~¥2
av_ _ 327y — 2000
g = 5000+ 1AL =~
Whent = 1,
av 5000 2500
ot —(2)3/2 = —f ~ —$1767.77 per year.
\
(c) Whent = 3, (:Tt = —21(;(3)/02 = —$625.00 per year.

rt) = %(70.14239t4 + 3.939t3 — 39.0835t2 + 161.0373t + 22.13)1/2(—0.56956t% + 11.817t> — 78.167t + 161.0373)

(b) ¢

-4

(c) |r(t)| is changing most rapidly near t = 12.

(d) |r(t)] is changing the least whenr(t) = O, neart = 4 andt = 9.

78. True.
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Section 2.6  Higher-Order Derivatives
2. f(x) =3 4, f(x) =6x+4
f(x) =0 f(x) =6
6. f(x) =4(x2—1)2=4(x*—2x2+ 1) 8. gty =t

10.

14.

18.

22.

26.

f/(x) = 4(4x3 — 4x)
f(x) = 4(12x2 — 4) = 16(3x%2 — 1)

f(x) = x3/x = x¥3
f(x) = gxm

) = 4 -2/3 — 4
f(x) = 9x VE

his) =s3s2—2s+1) =s°—2s* + &3
h’(s) = 5s* — 8s® + 3s?
h”(s) = 20s® — 24s? + 6s = 25(10s? — 12s + 3)

f(x) = (x — 1)
f(x) = 2(x — 1)
f(x) = 2
f7(x) = 0
f(x) =9 — x2
f(x) = —2x

g(x) = 23> — 10x* + 8x3
g’(x) = 10x* — 40x® + 24x2
g”(x) = 40x3 — 120x? + 48x
g”(x) = 120x? — 240x + 48
97(0) = 48

i — L aa
gt = 3t

o 4 . 4
g"(t) —§t 8= ot7/3

12. At + 2)2

4
9 = v

g =8t+2°

24
(t+ 2

g'(t) = —24(t + 2) 4 = —

16. f(x) =x*—2x3
f(x) = 43 — 6x2
/(x) = 12x2 — 12x
f7(x) = 24x — 12 = 12(2x — 1)

20. f(x) = % =x1

f(x) = —x2
f(x) = 2x° 3
f7(x) = —6x 4 = —%

24, f(t)=J2t+3=(2t + 3)¥2

(1) = %(m +3)V2(2) = (2t + 3) 12

() = —2(2t+3)9%2) = —(2+ )%

3

") = 3 ~52(9) —
1) = 5@+ 37922 = o

f///(;) — i
2 32

28. f(x) = 20x3 — 36x2
f7(x) = 60x2 — 72x = 12x(5x — 6)
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30. f7(x) =2/x—1=2(x— 1)¥2 32. f(x) =x3—2x
1 1 f(x) =3x2 -2
fAx) =2 = |(x — 1)~Y21) =
<2) VX—=1 f//(x) = BX
34, fx)=3-9x+1 36. f(x) = (x + 2)(x — 2)(x + 3)(x — 3)
f(x) =9x2 -9 = -9 -9
f(x) =18x =0 =x*— 13x?> + 36
f(x) = Owhenx = 0. f(x) = 4x3 — 26x

/(x) = 12x2 — 26
f(x) = 0 O 12x2 = 26

_, J1B_ V78
**NV'6 T s
38. f(x) = x/4 — x2 = x(4 — x?)¥2 40. f(x) = xz)J(r 1
1
() = x| 5@ — x) " Y(=2x) | + (4 — x)Y¥(1) oy O+ (1) — (x)(2%)
[2 ] f(x) = (X2 + 1)

= —X%(4 — x3)"Y2 + (4 — x?)¥2 1 y2

= (4 =) V2 [ + (4 = 7] R

= (4 - 2)(4 — x)) 12 = (1 x)(x2 + 1) 2

£x) = (1 — xA[—20¢ + 1)~¥20)] + (2 + 1)72(—2x)
= —2x0¢ + 121 — X2) + (6 + 1)]
= —20¢ + )73 - %)

2@ -3) _
“oeve 0

f/(x) = Owhenx = 0, + /3.

P00 = (4~ 20)-34 ~ X220 + (4~ X VA~

= X2 — X4 — X))V — ax(4 — x?) V2
= 2X(4 — )22 — ) — 24— x)]

_X(x*=6) _
- (4 _ X2)3/2 -

= 2X(4 — X292 - 6) 0

f7(x) = Owhenx = 0.

[Note: x = + /6 are not in the domain of f.]

42. (a) s(t) = —16t2 + 1250
(b) v(t) = s'(t) = —32t
alt) = vi(t) = -32
(c) s(t) = 0 when 16t2 = 1250, or t = /78.125 ~ 8.8 sec.
(d) v(8.8) =~ —282.8ft/sec

44. s(t) = —8.25t2 + 66t
v(t) = s(t) = —16.50t + 66
alt) = s(t) = —16.50

t 0 1 2 3 4 5

sit) | O 57.75 99 123.75 | 132 123.75
v(t) | 66 49.50 33 16.50 0 —16.50
a(t) | —16.50 | —16.50 | —16.50 | —16.50 | —16.50 | —16.50
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46. f(x) = 3x® — 9x
f(x) =9x2—9
f7(x) = 18x

10

[\

-10

The degrees of the successive derivatives decrease by 1.

50. (a) S(t) = —16t2 + 48t + 64
(b) v(t) = s'(t) = —32t + 48
alt) =v(t) = —-32
(c) Sty = —16t2 + 48t + 64 = 0[] —16(t2 — 3t + 4)
=00 (t-4t+1) =00 t=4sec
(d) v(t) = —32t + 48 = Owhen 32t = 48 0rt = 3 sec.
© s3) = —16(3)° + 48(2) + 64 = 100 feet high

52. True. The fifth derivative of afourth degree polynomial is 0.

56. True. (:T(t: = 0 where v(t) = C is constant.

Section 2.7  Implicit Differentiation
2. 3x2 — y = 6x
X—y =6
y=Xx—06
4. 4x2y — 3y 1=

4x2y’ + 8xy + 3y 2y’ =0
<4x2 + %)y’ = —8xy

4x?y? + 3
yy2 y/:_8xy
LBy YR —8y?
y 4x?y2 + 3  4x?y?2 + 3

8. 2xy3 — X2y =2
2y3 + Bxy?y’ — 2y — X2y’ =0
(6xy? — x3)y’ = 2xy — 2y3

L2y — 2P
y 6Xy2_x2

48. H

The degrees of the successive derivatives decrease by 1.

(f) =0

E

5

n

-50

The position function is a quadratic function, the velocity
function is alinear function, and the acceleration function
is a constant function.

54. True. The (n + 1)% derivative of an n' degree polynomial isO.

6. xy? + 4xy = 10
V2 4+ 2xyy’ 4+ 4y + 4xy’ =0
(2xy + 4y’ = —y* — 4y
, y? + 4y
Y'Z Toxy + 4x
0 XY,
y—X
Xy —y?=y-—x
yx—y) = -(x-y)
y=-1

y'=0
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Xty _ 22— 23—
12 x—5y_1 14. x>—-y*=16 16. X2 —y3=3
— /= _ 2\ —
X +y=x-— 5y X—2yy'=0 2X—3y?y'=0
oy — - X 3
Y X y_y y_3y2
1 . .
y = —=X At (4, 0), y’ is undefined. ,_22) _4
6 At(2,1), y 30 " 3
o1
Y= 7%
18. X2y + y2x = —2 X3+ y3 =2y
X2y +2xy + y2 + 2yyx =0 3x% + 3y’ = 2xy’ + 2y
y + 2xy) = —2xy — y? y(By2 = 2x) = 2y — 3¢
/:_M /:zy_3X2
y x(x + 2y) Y = 32— o
At (2, — 1), y’ is undefined. At(1,1),y = —1.
22, Vxy=x—2y (x+y)?=x+y°
VXVJy=x-2 3(x + YL +y) =3¢ + 3y’
2 2/ — A2 2\
ﬁ(%y’l/zy’)+\fy@x*l/z):l—Zy’ 3(x +y)? + 3(x + y)2y’ = 3% + 3y?y
(X + Y2y = y2y' = x* = (x + y)?
Jx Vy
—=y +2y=1- Tx +y)?2—y?]=x2— (x> + 2xy + y?
oy Y 2 yIx +y)? = y? (( 2)xy y() |
o2y +y) _ yx+ty
1_2—{%( 2 Sy y X2 + 2xy X(X + 2y)
y= S, 2%y At(-1,1), y' = —1.
2y
_ 2y -y
X + 4%y
_2Ax—2) -y
X+ 4(x — 2y)
:2x—5y
5x — 8y

At(4,1),y = 3.

26. x> +2y—1=0 28. 42 +y’=4

8x +2y'=0 8+ 2yy'=0
/:_4
’:—%:—M 4 X
X
; y'= -4
y(=1)=-4-1)=4 y

At(0,-2),y’ = 0.

300 x*-y¥=0

2x—3y?y'=0
,_ X
Y ey

At(-1,1), y = -2
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32. Implicitly: 18x + 32y% =0 34. Implicitly: 8yy’ — 2x =10
dy_ % Y=g
dx 16y y
iy v e+t 2T
Explicitly: y = i(%) /144 — 9x2 Explicitly: y = 12 X+ 7
1
dy (1 _ oy2)-1/2(_ =£5(¢ + 7)V?
ax i(s)(l44 9x?)~1/2(—18x) 2
L % Y= a0 + 720
4./144 — 9x?
_ 9x X
16[£(1/4) /144 — 9% 2%+ 17
__ % - X
- ley A=+ 7)
- X
4y
At(3,2, y' =3
y
)

36. x2+y2=9 At (0, 3): At(2, V5):
2x+2yy'=0 m=0 m:_i
y’=—§ y—3=0x-0) V5
y . 2
-3=0 - /5= —=(x—2
6 y y— 5 Jg( )
0.9, JBy—5=-2x+4
v (2.5)
" {h}\g 2+ /55 —9=0
-6
38. 4xy + x> =5 At (1,1): At (5, —1):
axy’ + 4y + 2x =0 y,:_§:_§ y,:_ﬂz_i
4+ X 4 2 20 10
- 4x 3 3
2 y—l——é(x—l) y+1——E(x—5)
\ -V _ 31
y=72""3 Y= 710" "2

Pt
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0 -
2yy,=(4— )(321 ;)2(x3)(—1)

42. p = 0.002x* + 0.01x? + 5,
dx

dx

1 = 0.008x3 — + 0.02x ——

dx

dp

1

dp 0.008x® + 0.02x

dp

At (2,2): At (2, —2):
m=2 m= -2
y—2=2x-2) y+2=-2x-2)
y—2=2x—-4 y+2=-2x+4
0=2x—-y-2 2x+y-2=0

44, p:,/SOOZX_X, 0 < x < 500

, _ 500 — x
2X
2xp? = 500 — X
dx dx
2022 — 22
20+ o2, ) - g
dx  dx
22A L WA
2p dp + dp axp
ax . -
dp(2p +1) = —4xp
dx _ 4xp
dp 2p2+1

46. y? + 4436 = —4.2460t* + 146.821t° — 1728.0t2 + 7456.6t

4 <t < 11 (t = 4 corresponds to 1994.)

@

100

0

11

y = [—4.246t* + 146.821t3 — 1728.0t2 + 7456.6t — 4436]"/2

The number of cases decrease until around 2000 (t = 10).

(b) The graph seems to decrease most rapidly around t = 6.7, or during 1996.

(©

t 4 5 6 7 8 9 10 11
778 | 731 65.6 570 | 490 | 434 | 414 | 419
y | —26| 64| -83| -86| —71| 41| -05| 16
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Section 2.8 Related Rates
dy dx dx dy dx dx ( 1 )dy
— y2 2 = Ix— — - ==
2y == G =g % - X V% w  x—3)a
dy _
(a) Whenx = 3and— =2, —==[2(3) — 3](2) = 6.
dt dt
dy o dx _ < 1 > _
(b) Whenx—landdt 5, @t 200 — 3 (5) = —5.
dx dy dy _xdx dx y dy
2 2 AUAVURA Y Yy
AXETY =D Xt =0 T T W w T xodr
dx_gdy_ 3 _
(@ Whenx =3,y = 4anddt Cdt 4(8)— 6
dy x_ _3._,_3
(b) Whenx =4,y = 3and -2, p 4( 2)—2.
_4 pp A, V0 g e _4 5 v 2dr
6. V= at =2, dt—47rr dt—8’n'r 8.V—37TI’, dt—47TI’ ot
P\ 5 Lo If dr/dt is constant, dV/dt is not constant since it is
(@ Whenr =6, = 8(6)* = 288 in”/min. proportional to the square of r.
(b) Whenr = 24, %t = 8m(24)2 = 46087 in3/min.
1 1 ) X2
10. V = §7Tr2h = §7rr2(3r) = 713 [sinceh = 3r] 12. C = 75,000 + 1.05x, R = 500x — 2
dv Lar _— dx
—— = 37r2—- = 67r? [sincedr/dt = 2] (a) = 1.05—- = 1.05(250) = 262.5 dollars/week
dt dt dt dt
e Vo 2 = in¥/mi ( _7>dl ( _M)
(d) Whenr = 6, o 67(6)? = 2167 in3/min. (b) dt 500 p 500 5 (250)
(b) Whenr = 24, %\t/ — 6m(24)? = 34564 in¥min. = 25,000 dollars/week
©@P=R-C
dP dR dC
T 25,000 — 262.5
= 24,737.5 dollars/week
dx dA dx 1 dy _ 2x  dx ax
= 6x2 = D o -—_=- =2 = 2 A
14. A=6x dt =3 dt 12th 36x 16.y 1+ x2 dt =2 d  (1+x)2dt 1+ %32
— dﬁ 2 - _ % — _& 8
(3 Whenx =1, i 36(1) = 36 cm?/sec. (d Whenx = —2, - [+ (-2 2 cm/min.
_ d7A 2 - % & — _é i
(b) When x = 10, i 36(10) = 360 cm?/sec. (b) When x = 2, ot M+ @ 2 cm/min.
_ % 4(0) _ .
() Whenx =0, - [+ 0 0cm/min.
dx 4(10) _ .
(d) When x = 10, — dt - [+ (072 10201 cm/min.
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12 ft

122 4+ x2 =y?
dy _
dt 4
dx _ ,, dy
2o~ Y
dx _ydy
dt  x dt

dx

Wheny = 13,x=5anda

AsXx - 0O, % increases.

22. S= 2250 + 50x + 0.35x2

das dx dx
- = 50& + O70Xa

dt
ds
o = 50(125) + 0.70(1500)(125) = $137,500 per week

24, P=R-C

=xp—C

= x50 — 0.01x] — (4000 + 40x — 0.02x?)
= 50x — 0.01x? — 4000 — 40x + 0.02x?
= 0.01x? + 10x — 4000

dpP dx dx
E = OOZX& + lOa
dx
When x = 800 anda = 25,
dpP

e 0.02(800)(25) + (10)(25) = $650/week.

0 1600

= (-4 = ~1041t/5c

20. X2 + 62 = &2

dx ds
ZXE = 25&
o _sds
d xdt
ds
Whens = 10, x = 8anda = —240:
dx 10 .
i E(—240) = —300 mi/hr.

The speed of the plane is 300 mi/hr.

dp

26. (@) C = 528p(100 — p)~tand = = 5%/yr.

dt

dc _ _ _ y—2(_1\dP _padr
e 528p(—1)(100 — p)~4(—1) it 528(100 — p) ot
dp _ 59
_ 528p ot + 528(100 — p) ot
(100 — p)?
dc _ 528(30)(5) + 528(70)(5)
dtlso 70 = $23.70/yr

(b) ac = $165/yr.
dt |p=eo

5000

0 100
0

Asp - 100*, C increases without bound.
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Review Exercises for Chapter 2
2. Slope = g =2

6. t = 4: dope = 8000 thousand per year per year
t = 8. dope = 13,500 thousand per year per year
t = 8 dope = 27,500 thousand per year per year

10. /() :JLTOW

. Ix+Ax)+3— (7x+ 3)
= lim
Ax-0 AX

i TAX_
Ax-0 AX

f(~1) =7

7

R

NI

-2
4. S|ope~7— -

8. (8 Atty, f'(t) > g’(t,), sorafter f istraveling faster.
(b) Att,, g'(t,) > f'(t,), sorafter gisfaster.
(c) Att,, gisfaster.

(d) gfinishesfirst, because g completes 10 miles at a
lesser value of t.

f(x + Ax) — f(x)

12 10 = im0

2 — 2
— lim (X + Ax)2 + 10 — (x2 + 10)

Ax-0 AX
. 2XAx + (Ax)?
= lim ————
AX—0 Ax

= lim (2x + Ax) = 2x
Ax-0

f(-1) = -2

X+ Ax—1-— x—1 X+ Ax—1+

Xx—1

AX-0 AX
. Xx+Ax—1)— (x—1)
= lim
80 AX[ X+ AX — 1+ X — 1]
1 1

X+ Ax—1+

£(10) = %

16, 110 = fm T
1 1

X+ AX+4 x+4
lim
AX-0 AX

o (x+ 4 - (x+ Ax+ 4
a0 AX[(X + AX + 4)(x + 4)]

. —1
= A X T Ax T Ax+ )
-1

(x + 4)?

f(-3) = -1

im
Ax-0 /X + AX =1+ U/x—-1 2Ux-1

Xx—1

18. f(x) =2 — 3x
f(x) = —3
f(1) = -3
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20. f(x)=4—-x?

22, f(x)=2x¥2+1

24, f(x)=2x1-1

—2
X2

-8

9 = -2 f(x) = x %2 = % fx) = —2x2=—-
f(-1) =2 X
(a) = L (Y2 =2 _
r@=7 {2) - war -
26. y = —|x| + 3 isnot differentiable at x = 0. 28. yisnot differentiableat x = — 1.
= 2 _
0. hi) = (3;2 _ %x*z, (2, Tls > 32 f=22-3x+1 (23
f(x) =4x — 3
0 = “Aya-—4 () =
h(x) = R f(2) =5
1 y—3=5x-2)
h(z)__ﬁ y=5%-—-7
1 1. 10
TR T
1 1
- tyiz @3
Y="18" "% . 1 .
£
1 -2
-1 AL 5
-0.5
34. y=x3—5+%=x3—5+3x‘3, y(-=1) =-9 36. f(x) =2x3+4— X
9 f(x) = —6x4 — L
y =3x%+ 3(—-3x4 =3x% - @ y(-1) = -6 2/
y— (-9 = —6x— (-] = —6x— 6 D)= —6-2= -2 T
y=-—-6x—15 B 13
5 y-5=-5K-1
Nnvivas} Cnw
Y 2%7 2
-20
38. f(x)=-x2—4x—4 40. fx) =x3+x [—-22]

fx)=-2x—4
f(—4) =4
y+4=4x+4)
y=4x+ 12

2

. / .

.

Average rate of change = 12 - (=2

2-(-2
_10-(=10 _
4
f(x) =3x2+ 1
f(-2) = 13
(2) = 13
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147,560 — 57,309

42. (a) 1997 to 2002: 12— 7

~ 18,050 thousand per year per year
(b) 1997: S(7) = 11,867 thousand per year per year

2002: S'(7) = 27,456 thousand per year per year

(c) Answerswill vary.

44, T = /2.489t% — 62.062t> + 553.16t — 509.4

@ =

0

(b) Tt) = %(2.489t3 — 62.062t? + 553.16t — 509.4)~Y/%(7.467t2 — 124.124t + 553.16)
1993: T/(3) = 4.8 million tons per year
1998: T(8) = 0.5 million tons per year
2001: T/(11) =~ 1.2 million tons per year

() Yes, T(t) > Ofort > 3. Thegraphisincreasingon 3 < t < 11. The amount of recycled paper products is increasing.

46.S=2t%2, 0<ts<8 48.P=R-C=xp—C
v = 3tV2 — X(1.89 — 0.0083x) — (21 + 0.65x)
— —0.0083x% + 1.24x — 21

v| 0|424| 6| 735 | 849

dc 2, 35
= - = SEy1/3| = =2
50. C = 225x + 4500 52. ax 5.25( 3X ) I
C'(x) = 225
54. R= 150x — §X2 56. R= X(S + E) = Bx + 10x¥2
4 VX
3 drR 5 5(/x+1)
R’(x) = 150 — Sx L og4E2=54 > =AV2 T )
®) 2 dx UX X
dpP 1
58. vl —gxz + 8000x — 120 60. y= (3x>+ 7)(x2 — 2x)

Yy = (38X + 7)(2x — 2) + (6X) (X2 — 2x)
= 6x3 + 14x — 6x2 — 14 + 6x3 — 12x2
= 12x3 — 18x2 + 14x — 14

62. s= (4 - t%)(tz —3t) =42 - 12t - 1+ 3t

S/=8t—12—3t*2=8t—1?_—t§2
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64. f(x) = XZXJQ = ! 66, f(x) = IXT— 1= (x2— 13
Fx) — (x? — 1)(2x +()2 = (l))(z + X — 1)(2x) f(x) = %(x2 —1)7%3(2x) = ﬁ
28+ X2 —-2x—1— 23— 2x% + 2X
) 6~ 17
_-x*-1_ x2+1
B
68. g(x) = (x& — 12x3 + 9)V/2 70. gt) = ﬁ
g(x) = 1(x6 — 12x3 + 9)"¥2(6x°> — 36x?) e (1=193%1) - t(3)(1 - )A—-1)
35— 18x? a3 a2
T X123+ 9 _4 t)(1+_3;t)(f;l t)
(A-9+3%t 2t+1
Co@-nr @
72. 74, f(x) =[(x — 2)(x + 4)]?2 = (X2 + 2x — 8)?

f(x) = 2(x2 + 2x — 8)X2x + 2)
=2x—2)x+ 42)(x+ 1)
=4x—2)(x+ dHx+ 1)

3z 182 _ (3x+ 172
76. f(s) =s (55 1)¥ 3 o 8. g = (X2 + 1)2
#(9 = $13) (& — 17229 + 35%s* - 1)? 0@+ D26x + 1) — (3 + 1)220¢ + 1)2x
— (2 — 1¥5S + 3(? — 1)] g0 = 0+ 1
= s?(s2 — 1)¥%8s2 — 3) _ (Bx+ 1[6( + 1) — (3x + 1)4x]
- 0C + 13
_ (3x+ 1)(—6x%2 — 4x + 6)
B (x2 4+ 1)3
=23+ (3% + 2x — )
- 0e 1 17
80. When L = 12, 82. (x) = Bx* — 6x2 + 2X

f(x) = 20x3 — 12x + 2 = 2(10x3 — 6x + 1)

V= 5D 42 = 20— 42 = (D - 47
f7(x) = 60x2 — 12 = 12(5x%2 — 1)

dav 3
D E(D — 4) = (L5)(D — 4).
(d WhenD = 8, v _ (1.5)(8 — 4) = 6 board ft/in.

dD

(b) When D = 16, % — (1.5)(16 — 4) = 18 board ft/in.

(c) When D = 24, 3—; = (1.5)(24 — 4) = 30 board ft/in.

(d) When D = 36, % = (1.5)(36 — 4) = 48 board ft/in.
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84. f(x) = J/x=x2

f(x) = %x*l/z
(x) = —%x*m

f7(x) = gx* 52

_15 ~15
@(y) = 272
90 = =5 X 16x7/2

88. f”(x) = 20x4 — 2x 3
f@(x) = 80x3 + 6x 4

fO(x) = 240x2 — 24x~5

=24Ox2—2isl
X
92. X2+ 9y +y?>=0
2X+ 9y + 9y +2yy'=0
(Ox + 2y)y’ = —=2x — %
S TX Y
Y= okt 2y
9. 2x1/3 + 3y1/2 = 10
2*2/3 §71/2/_
3% +2y y'=0
ki
CE
At (8, 4),
2(1\  3(1\ ,
sa) 3Gy =0
3,-_1
2 "6
__2
y 9'
y-4=-2(-8)
_ 2w
Y=79" "

86. f(x) =x2+ 3x1
f/(x) = 2x — 3x72

fx) =2+ 6x 3= 2+%

1

90. s(t) = ] =(t+ 172
V() = S() = —2(t + )2 = —ﬁzl)s
a(t) = s'(t) = 6(t + 1)~* = (t+761)4

U y?+x2—-6y—2x—5=0
2y +2x— 6y’ —2=0
y(2y —6) =2 -2

,_2=-2x_1-X
Y =y -6"y-3

98. Y3 — 23y 4+ 3xy? = -1
Y2y’ — 2x%y’ — 4xy + 6xyy’ + 3y2 =0
y'(3y? — 2¢ + 6xy) = 4xy — 3y?

4xy — 3y?

Y =5 —2¢ + by

At (0, —1),
y'=-1
y+1=-1x—-0)
y=—-x—1L

100. (@) P=R— C = xp — C = x(211 — 0.002x) — (30x + 1,500,000) = 181x — 0.002x?> — 1,500,000

(b) P’(x) = 181 — 0.004x
P’(80,000) = $—139 per unit

(C) 5,000,000

£\

0 100,000
0

The maximum profit occurs for x = 45,250, which means p = 211 — 0.002(45,250) = $120.50.



