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CHAPTER 2
Differentiation

Section 2.1
Solutions to Odd-Numbered Exercises

1. @ m=0
(b) m= -3

5. f(x) = 3 — 2xisaline. Slope = —2

f(0 + At) — f(0)

9. Slope at (0, 0) = AItim0 At
. 3(At) — (A2 -0
N itlmo At

= AIt|m0(3 —At) =3

13. f(x) = —5x
0 = m, 1
— lim —5(x + AX) — (—5x)
AX 0O Ax

= lim -5= -5
Ax O

3. (a), (b)

The Derivative and the Tangent Line Problem

@1
4-1

x—

©y="410 141
_ 3
) +f(1)=x+1 73()( 1)+2
=1x—-1)+2
=x+1

7. Slopeat (1, —3) = lim gl + A — g(1)

Ax O AX
2_4_ (—
— lim (1 + Ax) 4— (-3
AX O Ax
1+ 2(Ax) + (Ax2 -1
= lim
AX 0 AXx

Alximo [2+ 2(Ax)] =2

11. f(x) =3

f(x + Ax) — f(x)
Ax O AX

15. h(s) = 3 + %s

h(s) — Allmo h(s + As) — h(s)

As
2 2
i 3+§(S+AS)—<3+§S>
T as 0 As
2
i3
T aso0As 3

53
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17. fx) =2 +x— 1

o0 = im FT

— lim [2(x + AX)? + (x + AX) — 1] — [2 + x — 1]

AX 0 AX

lim (2@ + 4xAX + 2(AX)? + x + AX — 1) — (¢ + x — 1)

Ax 0O Ax

. AXAX + 2(AX)? + Ax
= lim
Ax O AX

19. f(x) = x® — 12x
f(x + Ax) — f(x)

= lim 4x+2Ax+ 1) =4x+ 1
Ax O

0 = fim, 15
(x4 Ax)® - 12(x + Ax)] — [ — 12x]
= |lim
Ax O AX
— lim X3 + 3x2Ax + 3x(Ax)? + (Ax)® — 12x — 12Ax — x3 + 12x
= ah AX
. 3XAX + 3x(Ax)? + (Ax)® — 12Ax
= |lim
Ax O AX

= AIim0 (3x2 + 3xAx + (Ax)2 — 12) = 3% — 12
X

1
21. f(x)_x—l
, f(x + Ax) — f(x)
09 = lim, Ax
11
. X+Ax—1 x-1
= lim
Ax O AX

L (x=1) - (x+Ax—-1)
= a0 AX(X + Ax — 1)(x — 1)

= lim A
Ax 0AX(X + Ax — 1)(x — 1)

. -1
= M X+ A= Dix— 1)

23. f(x) = Vx+1
f(x + Ax) — f(x)

00 = fim, =
:”m\/x+Ax+ —‘/x+1_< X+AX+1+ Ux+1
AX O AX X+Ax+ 1+ /x+1

— i X+ Ax+1) —(x+1)
A0 A VX F AXF T+ VX
. 1

= lim

X OUXx+ A+ 1+ Ux+1

1 _ 1
X+1+Ux+1 2Ux+1

)



Section 2.1 The Derivative and the Tangent Line Problem

25 (@ fx)=x+1 (o) 8
f/(x) — A|>I<m0 f(X + AA))(() - f(X) \ @5
iy L0CH 07+ 1] = [ + 1] i
AX 0 Ax
L 2xAx + (Ax)?
B AI>I<mo Ax

lim (2x + Ax) = 2x
Ax O

At (2, 5), the Slope of the tangent lineis
m = 2(2) = 4. The equation of the tangent lineis

y—5=4(x—-2)

y—5=4-28
y=4x— 3.
27. (@) f(x) =x3 (b) 10
f(x + AX) — F(x) @9
P9 = fim, Ax
lim (x + Ax)® — x® /4.'{
Ax O AX

. 3%2AX + 3x(AX)? + (Ax)®
lim
AX 0 AX

= AIimO (3% + 3xAX + (Ax)?) = 3x2
X
At (2, 8), the Slope of the tangent ism = 3(2)2 = 12.
The equation of the tangent lineis
y—8=12(x — 2
y = 12x — 16.

29. (@ f(x) = VX (b) 3

) = Jim ot A% — 19 AA>)(() — y%

X+ Ax — VX X+ Ax+ Jx
Ax 0 AX X + AX + /X *
im (x + AX) — x

a0 AX(VX + AX + VX)

. 1 1
lim ———— = ——
a0 X+ AX+ X 2Ux
At (1, 1), the Slope of the tangent line is

m=_+ _1
2J/1° 2

The equation of the tangent lineis
y-1=306-1

N
y=2X7 %
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3u@m=§

#x) — Al)i(mo f(x + AAX))( — f(x)

4 4
o (X+AX)+X+AX_<X+;)
o Ax

(b) 10

b

-12 12

X(X + AX)(X + Ax) + 4x — x3(x + AX) — 4(x + Ax)

lim

AX 0O X(AX)(x + Ax)

— X3 + 2x3(AX) + x(Ax)2 — x® — x3(Ax) — 4(Ax)
T ax 0 X(AX)(x + AX)
— i X2(AX) + X(AX)2 — 4(Ax)
T xAX(x + AX)
B x2 + x(AX)—4
= am x(X + AX)

24 4
=~ X2 1= X2

The equation of the tangent lineis

y-5=3x-4

y:§x+2

33. From Exercise 27 we know that f'(x) = 3x2. Since the
slope of the given lineis 3, we have

32 =3
X=+1

Therefore, at the points (1, 1) and (— 1, — 1) the tangent
lines are paralel to 3x — y + 1 = 0. These lines have

equations
y—1=3x—1) and y+1=3kx+1)

y=3x-—-2 y=3+ 2.

37. g(5) = 2 because the tangent line passes through (5, 2)

m_2-0_2 1
90 =59~ =3~ "2

35. Using the limit definition of derivative,
-1
2XV/X

Since the slope of the given lineis f%, we have

f(x) =

_.r 1
2UXx 2

X =1

Therefore, at the point (1, 1) the tangent line is paralél to
X + 2y — 6 = 0. The equation of thislineis

1
y—1=-5Kx-1

1 1
y—1——2x+2
E VO
y="2*"%

3. fx)=x fx=1 (b)



Section 2.1  The Derivative and the Tangent Line Problem 57

41. f(x) = Vx  f/(x) matches (a) 43. y

4
(decreasing lopeasx o) 3

2

1

Answers will vary.

Sample answer: y = —Xx

45. (a) If f/(c) = 3and f isodd, then f(—c) = f(c) = 3
(b) If f(c) = 3and f iseven, then f(—c) = —f(c) = —3

47. Let (%, Yo) be apoint of tangency on the graph of f. By the limit definition for the derivative, f(x) = 4 — 2x. The slope of the
line through (2, 5) and (x,, y) equals the derivative of f at X,

S~ Y%
2= %
5= Y= (2= x)4—2%)
5 — (4% — %2 = 8 — 8%y + 2X2
0=xX2~— 4% +3
0=(6-D~3 X%=13

Therefore, the points of tangency are (1, 3) and (3, 3), and the corresponding slopes are 2 and — 2. The equations of the tangent
lines are

=4 - 2%

y—5=2(x—-2) y—-5=-2(x—-2)
y=2x+1 y=-2X+9

49. (@ g(0) = -3
(b) g3 =0
(c) Because g'(1) = —3, gis decreasing (falling) at x = 1.
(d) Becauseg'(—4) = % gisincreasing (rising) at x = —4.
(e) Because g'(4) and g'(6) are both positive, g(6) is greater than g(4), and g(6) — g(4) > 0.
(f) No, itisnot possible. All you can say isthat g is decreasing (falling) at x = 2.

51. f(x) = %XS 2
By the limit definition of the derivative we have f/(x) = %xz. /
-2 2
X -2 -15 -1 -05 | 0| 05 1 15| 2
w2 % [ 3] % [o]| &3]3 ]2 2
o 3| % | 3| & [0 &% |3]|% |3
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53, g — 1X 00D (9 55. f(2) = 2(4 — 2) = 4, f(2.1) = 2.1(4 — 2.1) = 3.99
e oot f(2) = 39 -4 _ —0.1[Exact: f/(2) = 0]
= (2(x + 0.01) — (x + 0.01)2 — 2x + x2) + 100 To1-2 0 orlRedta=
3
9
f
’ W
-1
The graph of g(x) is approximately the graph of f/(x).
1 =1
57. f(X) = ﬁandf (X) = w

L Asx oo, f isnearly horizontal and thus f” = 0.
-2 5

59. f(x) =4 — (x — 3)?
f(2+ Ax) — f(2)

Sy = =L (- 2) + ()
74*(2+Ax73)273/_ 11— (Ax— 1) _ _
= A (x 2)+3_7Ax Xx—2+3=(—-Ax+2)(x—2)+3
@ Ax= L S,=x—-2+3=x+1 5
Sog,
Ax=05: S, = <§>(x -2 +3= §x
2 2 s, f
_or s - (1 _19 4 v s ——
Ax = 0.1 SAX—<1O)(X 2)+3—10x 5 o
(b) AsAx 0, the line approaches the tangent line to f at (2, 3).
6l f(x) =x2—1,¢c=2
e o O —-f2) . -1 -3 . (x-2(x+2 . _
M) = =S g = I = m B = I+ 2 = 4
63. f(x) =x*+ 2%+ 1,c= -2
voov e f) (=2 X(x+2) . E+2¢+1) -1
i 2)_xlmj2 X+ 2 _x“njz X+ 2 _xllr[]Z X+ 2 _xllnjzx =4
65. g¥) = V|x[,c=0 67. f(X) = (x—6)¥3,c=6
0 = 1im9¥ =90 _ . VX - P (R (]
g(O)—llrrg — —lln’(l) ” . Does not exist. f(6)—i|ng —
VI -1 . (x—6)¥3-0
As X 0 ’T_ﬁ — 00 _X|ngﬁ
Vi1 1
+ - = — i
As X 0+, X 7 oo leng(x_6)1/3

Does not exist.
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69.

73.

7.

81.

85.

87.

h(x) = (x+ 5),c= -5 71. f(x) is differentiable everywhere except at x = — 3.
P h(x) — h(—5) (Sharp turn in the graph.)
x -5 X — (—5)
. |x+5 -0
= lim ————
x -5 X+ 5
— i |x + 5]
T x -5 X+ 5
Does not exist.
f(x) is differentiable everywhere except at x = — 1. 75. f(x) is differentiable everywhere except at x = 3.
(Discontinuity) (Sharp turn in the graph)

f(x) is differentiable on the interval (1, o). 79. f(x) is differentiable everywhere except at x = 0.

(At x = 1thetangent lineis vertical) (Discontinuity)
e O Jx=13% x 1
f(x) = |x— 1] 83. f(x) = {(x 2 x> 1
The derivative from the left is The derivative from the left is
—_ — — — — 3 _
fim 1= X=2 =0y lim L =@, =20
x 1 X—1 x 1 Xx—1 x 1 Xx—1 x 1 x—1
The derivative from theright is = Iir11 (x—132=0.
Jm
lim YO =@ _ . x=1[-0_ The derivative from the right is
x 1% X—1 x 1t X—1 '
; — . lim f(X)—f(l)_ ”mw
The one-sided limits are not equal. Therefore, f is not Jme——1 MY

differentiable at x = 1.

= |in11‘ x—1)=0.

These one-sided limits are equal. Therefore, f is
differentiableat x = 1. (f/(1) = 0)

¥X+1 x 2

4 — 3, X > 2
f(x)—f(2): lim xX¥+1) -5

X—2 X 2- X—2
f(x) — (2 (4x—3)—5

The derivative from theright is lim —————= = lim = lim 4 = 4.
x 2% X—2 x 2 X—2 x 2F

Note that f is continuous at x = 2. f(x) = {

The derivative from the left is Iinzw = Iir121 (x+2) =4
X - X -

The one-sided limits are equal. Therefore, f is differentiableat x = 2. (f/(2) = 4)

(a) Thedistance from (3,1) tothelinemx —y + 4 = 0is y
N
g 1At By + C
JAZ + B? st
_Im@) 1D + 4] |3m+ 3| il
m+1  Jm+1 .
(b) 5 T

\/m The function d is not differentiable at m = — 1. This corresponds to the line

y = —x + 4, which passes through the point (3, 1).
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89. False. the slopeis lim (212X ~ (2
Ax 0O AX
91. False. If the derivative from the left of a point does not equal the derivative from the right of a point, then the derivative does

not exist at that point. For example, if f(x) = |x|, then the derivative from the left at x = 0is — 1 and the derivative from the
right at x = 0is 1. At x = 0, the derivative does not exist.

xsin(1/x), x#0

93. f(x) = [0, « =0

Using the Squeeze Theorem, we have — x|  xsin(1/x)  |x|, x # 0. Thus, Iirrgxsin(l/x) = 0 = f(0) and f is continuous at
x = 0. Using the aternative form of the derivative we have *

lim ¥ =fO _ jj xsn@/X =0 _ (s#)
x 0 x—0 x 0 Xx—0 X 0 X

Since this limit does not exist (it oscillates between — 1 and 1), the function is not differentiable at x = 0.

o) = {xzsin(l/x), X% 0

0, Xx=0

Using the Squeeze Theorem again we have —x2  x2sin(1/x)  x2, x # 0. Thus, Iirr(1) x2sin(1/x) = 0 = f(0) and f is continu-
ous a x = 0. Using the alternative form of the derivative again we have *

e

2 _
x*sin(l/x) =0 _ . n;

im I
0 x—0 X

Therefore, g is differentiable at x = 0, g’(0) = 0.

Section 2.2  Basic Differentiation Rules and Rates of Change
L@ y=x7 () y=x¥? © y=% @ y=x
y' = 3x V2 y’ = 3xi/2 y’ = 2X y’ = 3x2
y'() =3 y( =3 y() =2 y( =3
3 y=8 5 y=x 7.y:%:x‘7 9. y=9x=x/5
y'=0 y’ = 6x° _ P DY
y'=—7x8= —87 Y =5 " T an
X
11 f(x) =x+1 13, f() = -22+3t—6 15. g(x) = X2 + 43 17. sy =83 — 2t + 4
f(x) =1 fi(x) = —4t + 3 g'(x) = 2x + 12x2 s(t)y=3t2 -2

19. y:gsinf)—cosa 21. y=x2—%cosx 23. y:%—?,sinx

. 1.
y’=7—270050+sm0 y’=2x+§smx y’=—%—3cosx
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25.

27.

29.

31.

37.

43.

47.

51.

53.

Function Rewrite Derivative Smplify
_ 5 _S > P ,_ =5
y = N y= 2x y 5x y 3
3 3, ,_ 79 ., , =9
Y= 22 Y=g y="g* Y = 8x
y = % y = x—1/2 y; —Zx-3/2 y/ _ _ﬁ
3
f®=;:&?u@ wfwz—%%ﬁ@f% 3. y=(2x+12 (0,1
=42+ 4x+ 1
7, _ -3 _ 76 /| — é 2
f(x)——6x3—? f(x)—5x y =8+ 4
(1) = —6 f(0) = 0 y'(0) = 4

f(6) =4sn6— 6, (0,0
f(6) =4cosh— 1
f(0)=41)-1=3

3 _ 2
f(x):L)Z(JFA':x—3+4X*2
X
, 8 x2-8
f(X)=l—g= 3
f(X) = VX — 6 ¥x=xt/2 - 6x/3

1 1 2
f/(X) = EX_]'/Z + 2x72/3 = 27\/;( + @

f(x) = 6/X + 5cosx = 6x/2 + 5cosx

. 3 .
f(x) = 3x Y2 - 5snx=——=— 53nXx
(04 N
@ y=x*—3%+2
y’ = 4E — 6x
At(1,0): y’ = 4(1)3 — 6(1) = —2.

Tangent line: y—0=-2(x—-1)
2X+y—2=0
’ \ ) | /
-2 — (LON 2

39. f(x) =x2+5—3x2

f(x) =

41 g(t) =2 - 4

- roar

2x+6x*3=2x+§3
X

gty =2t + 12t 4 =2t + -

45, y=x(x*+1) =x+x
y'=3+1

49. h(g) = &5 — &3

, 4 2 _ 4 2
h(s) = gS 45 — §S 13 = 5gl/5  36l/3
55. (8) 1(X) = o = 2x~3/%
' I3
-3 -3
f(x) = 7)(77/4 = o4
-3
At(1,2), (1) = >
. 3
Tangent line: y—2= _E(X -1)
3 7
V=TT
X+2y—-7=0
)
(1.2
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57. y=x*-8¢2+2 59.y=)712=x*2
y’ = 43 — 16x
y = —2x2%= ~2 cannot equal zero
= AX(x® — 4) x3 '
=4x(x — 2)(x + 2) Therefore, there are no horizontal tangents.

y'=0 x=0,+2
Horizontal tangents: (0, 2), (2, —14), (—2, —14)

6l y=x+s8nx0 x<27 63. x2 — kx = 4x — 9 Equatefunctions
y'=1+cosx=0 xX—k=4 Equate derivatives
cosx = —1 X=a

Hence, k = 2x — 4 and

Atx=my=m X2—(2x—4x=4-9 —-x2=-9 X

I+

Horizontal tangent: (, ) Forx =3, k=2andforx = —3, k= —10

65. E = —gx + 3 Equatefunctions

k 3 _—
- "2 Equate derivatives
3
_3..q4 _ =3 3,__3 3, _ _ _
Hence,k—4x andx—4x+3 4x7 4x+3 2x73 X=2 k=3

67. (8) The slope appears to be steepest between A and B.

(b) The average rate of change between A and B is
greater than the instantaneous rate of change at B.

69. g¥) =f(x) +6  g'(x) =¥ 71. y

If fislinear then its derivative is a constant function.
f(x) =ax+b
f(x) =a
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73. Let (x4, y,) and (x,, y,) be the points of tangency ony = x2andy = —x2 4+ 6x — 5, respectively. The derivatives of
these functions are

y=2x m=2 ad y'=-2x+6 m=—-2x+6.

m=2x=-2x,1+6

X =—%+t3
Sincey, = x,2andy, = —x,2 + 6x, — 5, 1
st
- —X%,2 4+ 6%, — 5) — (—%,2 Ml
m:yz Y1:( 2 2 ) — ( 1):—2X2+6. 3 (O
Xy — %y X, — X, g
—X2 + 6%, — 5) — (—x, + 3)? il —
(=% 2 =5 (% ):—2x2+6 I
X, — (=%, + 3) ’1”/

(—%2 + 6%, — 5) — (%2 — 6%, + 9) = (—2x%, + 6)(2x, — 3)
—2%2 + 12x, — 14 = —4x2 + 18x, — 18
2X2 — 6%, +4=0 y
2x, —2)(x,— 1) =0
X =1or2
X =1 Y, =0,%, =2andy, = 4
Thus, the tangent line through (1, 0) and (2, 4) is

y—0—<2_1)(x 1) y=4x — 4.

X, = 2 Y, =3, % =1landy, =1
Thus, the tangent line through (2, 3) and (1, 1) is

y71=<2:i)(x71) y=2x—1

75. f(x) = V% (—4,0) 77. (1) = -1

f/(X) — lx—l/z — 1 3.64

2 2./% i \
1 _ 0 — y . ur
2/x —4—X : \
% o7 [arida=mtr L |,

4+ x=2xy 333
4+ x = 2/%xJx
4+ x=2x

XxX=4y=2

The point (4, 2) is on the graph of f.

0-2
—4-4

Tangent line; y—2= x—4)

vy—-8=x—-4
O0=x—4y +4
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79. () One possible secant is between (3.9, 7.7019) and (4, 8): 20
8 — 7.7019
y—B:W(X—@ 9
y — 8 =2.981(x — 4) 2 2

y = SX) = 2.981x—3.924
0 10 =207 14 =32 =3

Tx) =3(x—4) +8=3x—4
S(x) is an approximation of the tangent line T(x).

(c) Asyou move further away from (4, 8), the accuracy of the approximation T gets worse.

20

@ Ax -3 -2 -1 -05 -01 (0| 01 0.5 1 2 3
f(4 + Ax) 1 2.828 5.196 6.548 | 7.702 | 8 | 8302 | 9.546 | 11.180 | 14.697 | 18.520
TA4+Ax) | -1| 2 5 6.5 77 |8 |83 95 |11 14 17
81. False. Letf(x) = x2and g(x) = X2 + 4. Then 83. False. If y = 2, then dy/dx = 0. (72 isaconstant.)

f(x) = g’(x) = 2x, but f(x) # g(x).

85. True. If g(x) = 3f(x), then g’(x) = 3f"(x).

87. t(t) = 2t + 7.[1, 2] 89. f(x) = —%, [1,2]
£t) = 2

Instantaneous rate of change is the constant 2.
Average rate of change:

f2Q —f(1)_ [2Q2) +7]—[2(1) +7] _
2—-1 1 B

Instantaneous rate of change:

2 (1, -1 f(1) =1

(These are the same because f is a line of slope 2.) (2, _%> £(2) :%

Average rate of change:

f@Q-f1)_(=1/2-(=1)_1

2-1 2-1 2
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91. (a) s(t) = —16t2 + 1362 9. st) = —492 + vt + 5,
v(t) = —32t = —4.9t2 + 120t
— v(t) = —9.8t + 120
(b) % — 1208 — 1346 = —48 ft/sec ®
a v(5) = —9.8(5) + 120 = 71 m/sec
© V) = s10) = —32t V(10) = —9.8(10) + 120 = 22 m/sec
Whent = 1: v(1) = —32ft/sec.
Whent = 2: v(2) = —64 ft/sec.
(d) —16t> + 1362 =0
1362 /1362
2 = =% = Y2
t 16 t 2 9.226 sec
J1362> N (\/1362)
(e v( 7 = -32 7
= —8./1362 =~ —295.242 ft/sec
95. v 97. v = 40 mph = 5 mi/min
E: z | | (2 mi/min)(6 min) = 4 mi g 1:
gof oo _ — i /e < (10.6)
§ 2 : i i v =0mph = 0mi/min g 6t 65
S i (0 mi/min)(2 min) = 0 mi z 7 ®.4
0 - i a5 ,l
T34 6 8 1w v = 60 mph = 1mi/min L

99.

101.

Time (in minutes)

(The velocity has been converted to miles per hour)

(a) Using agraphing utility, you obtain
R = 0.167v — 0.02.
() T=R+ B = 0.00586v> + 0.1431v + 0.44

© % = 0.01172v + 0.1431

For v = 40, T/(40) ~ 0.612.
For v = 80, T/(80) ~ 1.081.
For v = 100, T/(100) =~ 1.315.

Azsz,d—A=25
ds

Whens = 4 m,

%2 = 8 square meters per meter changein s.

00l 2 4 6 8 10

(1 mi/min)(2 min) = 2 mi Time (in mintes)

(b) Using a graphing utility, you obtain
B = 0.00586v2 — 0.0239v + 0.46.

(d) 60

0 100
0

(f) For increasing speeds, the total stopping distance

increases.
103. C= 1,008,000 + 6.3Q
Q
dc 1,008,000
C(351) — C(350) =~ 5083.095 — 5085 ~ —$1.91
dc
When Q = 350, E ~ —$1.93.

105. (@) f/(1.47) istherate of change of the amount of gasoline sold when the price is $1.47 per gallon.

(b) f7(1.47) isusualy negative. As prices go up, sales go down.



66  Chapter 2 Differentiation

107. y=ax®+ bx + ¢

Since the parabola passes through (0, 1) and (1, 0), we have
(0,1):1=a(0)?2+ b(0) + ¢ c=1
(1,0:0=a(1)>+ b(1) + 1 b=-a-1

Thus,y = a2 + (—a — 1)x + 1. From the tangent liney = x — 1, we know that the derivative is 1 at the point (1, 0).
y'=2a+ (—a—1)
1=2a(1) +(—a—1)
l=a-1
a=2
b=-a-1=-3

Therefore,y = 2x° — 3x + 1.

109. y=x3— 9%
y' =3 -9
Tangent lines through (1, —9):
y+9=(038-9x-1)
(-9 +9=3x3—-3x—-9%x+9
0=2x -3 =x¥2x— 3)
x=0o0r x= %

The points of tangency are (0, 0) and (3, —&). At (0, 0) the Sopeisy(0) = —9. At (3, —&) the slopeisy’(3) = 3.

Tangent lines:
y-0=-9x-0) and y+%=-3x-3
y= —9x y = _%X_%
X+y=0 X +4y+27=0
axs, X 2
1L £09 = {x2+ b, x>2
f must be continuous at x = 2 to be differentiable at x = 2.
8a=4+b

lim f(x) = lim a = 8a
X 2 X 2

lim £ = lim ¢ +b) =4 +b ] 747D

, 3ax?, x<2
f(X)_{ZX X > 2

For f to be differentiable at x = 2, the left derivative must equal the right derivative.
3a(2)? = 2(2)
12a =4

1
)

b=8 —4=—-3
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113. Let f(x) = cosx.

g = im, ST

COSX COSAX — SinxXsin AX — cos X

= lim

Ax O AX

. cosx(cosAx — 1) .. [dnAx
= lim —————= — lim sinx

Ax O AX Ax O AX
=0-—sinx(1) = —sinx

Section 2.3  The Product and Quotient Rules and Higher-Order Derivatives

1 gx = (x2+ 1)(x2 — 2x) 3. ht) = 32+ 4) = tY3(t2 + 4)
g’'(x) = (x2+ D(2x — 2) + (X2 — 2¢)(2x)

() = 0/3(21) + (12 + 427
=23 — 22+ 2x— 2+ 23 — 4x2

£+ 4
— A3 — Ay2 _ _
43 — Bx* + 2x — 2 = 2t4/3 4 EE
2+ 4
R
. () =x3 - X
5. f(x) = x3cosx 7. f(x) 211
f1(x) = x3(—sinx) + cosx(3x?
(x) = x3(—sinx) + cosx(3x?) oo = 0+ D) — X2 12
= 3x2cosx — x3sinx X) = (2 + 12 Tt
O Ix . xB sinx
9'h(x)_x3+1_x3+1 11.g(x)—7
5 o o
(x3+ 1)%)(,2/3 — X3(3x) g = X (cosx)(xz)zsn x(2x) _ xcosxx3 2sinx
h6) = o3+ 12
¢+ 1) — x93
T 3B+ 12
o 1-68x8
C 3B+ 12
3 2 X2 — 4
13. f(x) = (x® — 3X)(2x% + 3x + 5) 15. f(x) = =3
= 10x* + 123 — 3% — 18x — 15 ) = (x — 3)2 - (x — 32
f0) = -15 X2 —6x+4
(x — 3)?

g 1—6+4 1
MO = 1-32 4
17.  f(x) = xcosx
f(x) = (X)(—sinx) + (cosx)(1) = cosx — xsinx

57 5(7) e n
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Function Rewrite Derivative Smplify
X2 + 2 1,,.2 , 22 L X+ 2
= = =X+ Z =X+ = =
19. y 3 y=3% T3 y=3X+3 y 3
- _ s Fo 7y o1
21 y= 3C y 3x y’= —7x y @
4372 2
23. y= =4/% x>0 1= 2x"1/2 r=
y X y y y /%
3—2X—X?
25. f(x) = Ca——)
%) — (@ —-1(=2—-2x) — (83— 2x — X (%)
06 — 172

¢ —4x+2 _ 2x—1)
(@17 (¢ 17

2

“xrpe Tl
_ _i — oy 4x _M_ 1/2 —12
27. f(x) x(l x+) X= 13 29. f(x) = 7 = 2x1/2 + 5x
gy _ g (x+3)4—4x(1)  (x2+6x+9 — 12 iy — w12 _ B s _3/2[ §]
f'(x) =1 x + 37 = x + 37 f(x) = x X =X X—5
_xX*+6x—3 _2Xx-5 2x-5
(x + 3)? T x| 2@2

31 h(9 = (P —22=5—4s* + 4
h'(s) = 6s° — 128 = 64(S® — 2)

273 x-1 X -1
x—3 x(x—3) x2-3x

(x2=3x2—-(2x—1)(2x—3) 2x2—6x—4x>+8x— 3

1
33. f(x) = =

f(x) =

(x2 — 3x)2 (x2 — 3x)2
_ -2+ 2x—3_ 2®—2x+3
(x2 — 3x)? X3(x — 3)?

35. f(x) = 3 + )X —5)(x+ 1)
f(xX) =@ +4Hx—5)x+1) + 3+ DX+ 1) + (3 + 4x)(x — 5)(1)
= (92 + 4)(x2 — 4x — 5) + 3x* + 3x3 + 4x2 + 4x + 3x* — 15X + 4x2 — 20x
= 9x* — 36x3 — 41x% — 16x — 20 + 6x* — 12x® + 8x2 — 16X
= 15x4 — 48x% — 33x2 — 32x — 20

2 2
37 = o 39, f(x) = sint
) = 08 = 20 = (€ + A Py = Foost + 2tsint
- (3 — c?)? = t(tcost + 2sint)
— 4xc?
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aL £y === 43 () = —x + tanx
/ = — = 2
, —tsint — cost tsint + cost ) 1+ sec®x = tan’x
f (t) = t2 == t2

45. g(t) = 4t + 8sect =1tY4 + 8sect

1 1
g’(t) =Zt*3/4+ 8secttant = ——- + 8secttant

43/

49. y= —cscX — Sinx

y’ = CcsC X cot X — cosX

_ COSX
sin? x
= cosx(csc?x — 1)

— COSX

COS X COot2 X

53. y = 2xsinx + x? cosX
y’ = 2xcosx + 2dnx + x¥(—sinx) + 2x cosx

= 4xCcosx + 2sinX — x2sinx

_31-snx _3 _
47'y_72005x —2(secx tan x)

y’:g(secxtanx— Sec? X) =gsecx(tanx— SEC X)

= g(secxtanx —tan’x — 1)
51. f(x) = x2tanx
f(x) = X2 sec?x + 2xtan x

X(x sec? X + 2tan x)

X+ 1
X+ 2

55. g(x) = < )(ZX )]
2%+ 8x—1

g'x) = T2 (form of answer may vary)

6
57. 9(9)271—sin0
1—-sinf+ 6coso
g0 = (Sno— 1) (form of answer may vary)
1+ cscx
59. = 1~ csox
, (L—cscx)(—cscxceotx) — (1 + escx)(cscxcotx)  —2cscx cot X
y = (1 — cscx)? ~ (1= o2
[\ _ —22(V3) _ _
y(s)‘ -2z - M3
sect
61. h(t)ZT
t(secttant) — (sect)(1
ho = ) - (=200
sect(ttant — 1)

t2

sscr(wtanm—1) 1
2 T2

h'(m) =

v v
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63. (@ f(x) =0 -3+ 1x+2), (1, -3
f(x) = (@ —3x+ 1)(1) + (x+ 2)(3x¢ — 3)

45+ 6x2—6x—5
f(1) = —1 = dopeat (1, —3).

Tangentline y+3=—-1(x—1) y=-x—2
65. (3 f(x) =Xfx1, (2,2)

oy X=D@) —x(1) -1

="%"1 ~x-1

£(2) = (2:711)2 — 1= dopea (2,2).

Tangentlinee y — 2= —-1x—2) y=-x+4

67. (@ f(x) =tanx, <7—T 1)

2
f(x) = sec?x
L o
f<4> 2 slopeat<4,1>.
Tangent line:
o
y-1= Z(X - Z)
y—1=2x— z

2
X—-2y—m7+2=0

X2
Xx—1

o _ (X = D(2x) — x3(1)
o ==~ 172
X —2x _ X(x-—2)
(x—12 (x— 17

69. f(x) =

f(x) = Owhenx = 0orx = 2.

Horizontal tangents are at (0, 0) and (2, 4).

73. f(x) = x"sinx
f/(x) = x"cosx + nx"~lsinx
= x""1(xcosx + nsinx)
Whenn = 1: f/(x) = xcosx + sinx.
Whenn = 2: f/(x) = x(xcosx + 2sinx).
Whenn = 3: f/(x) = x3(xcosx + 3sinx).
Whenn = 4: f/(x) = x3(xcosx + 4sinx).

For genera n, f/(x) = x"~ 1 (xcosx + nsinx).

(b) 10

-3

-10

(b) 5

®

yon . X+23-3x(1) 6
=07 T k27
, _(X+2)5—(5X+4)(1)_ 6
900 = x+27  (x+ 2
5+4 3 X+4

=72 x+2 " xrg W2

f and g differ by a constant.

75. Area = A(t) = (2t + 1)/t = 2132 + /2

3 " 1
At) = 2| =t1/2 ~t—1/2
(t) 2<2t ) + 2t

1
= 3tl/2 + =t-1/2
2

6t + 1
2Vt

cm%/sec
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_ 10020, X _ a
77. C= 100( 2 T 30>, x 79. P(t) = 500[1 tTe0 4 tz]
dac _ _400 30 05y — (50 + t9)(4) — (4t)(2t)
dx 100( B (x+ 30)2> Pt = 500[ (50 + t?)2 ]
. dc 3 200 — 4t2}
(@) When x = 10: = = —$38.13. = 500[7(50 T 192
.. dc 3 50 = t2 ]
(b) Whenx = 15: " = —$10.37. = 2000[ 50+ 02
dc P’(2) = 31.55 bacteria per hour
(c) Whenx = 20: —— = —$3.80.
dx
As the order size increases, the cost per item
decreases.
1
81. (a) SECX = ——
COS X
E[secx]—i 1 ]Z(cosx)(o)—(l)(—sjnx)= snx 1 Sinx=S€CXtanX
dx dx| cos x (cos x)? COSXCOSX COSX COSX
1
(b) CSCX = m
E[cscx] _ g[ 1 ] _ (sinx)(0) — (1)(cos x) ___cosx _ 1 ~cosx_ s x Cot X
dx dx| sin x (sinx)? sinxsinx snx sinx
(© cotx = cosx
sinx
E[cotx] _ g[cosx] _sin X(—sinx) — (cosx)(cosx) _ sim®x+cos?x _ 1 _ s X
dx dx| sinx (sinx)2 a sin2x T
X
= 4y3/2 -
83. f(x) = 4x 85. f(x) —1
/ — 1/2
o = o (o KD XD -1
f//(x) — 3X71/2 - = (X - 1)2 (X - 1)2
X 2
"0 = =
87. f(x) = 3sinx 89. f(x) = x2 91. f”(x) = 2V/X
f/(x) = 3 cosx f(x) = 2x 1

f(x) = —3sinx

f(2) =0

One such functionisf(x) = (x — 2)2

95. f(x) = 2g(x) + h(x)

f@(x) = %(z)x—l/z = ﬁ

T0g = 290 + 1 = N800 — g0n )

f(2) = 29'(2) + h'(2) [h()]?
=2(-2 +4 , h(2)g(2) — g(2h'(2)
f(2) = >
—0 [h(2)]
_(E=D(=2 -4
(=12

=-10
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9. : 10L V) =36 -2 0 t 6
f
2 alt) = -2t
. ' v(3) = 27 m/sec

L2 a(3) = —6m/sec
The speed of the object is decreasing.

It appearsthat f is cubic; so f” would be quadratic and
f”would be linear.

100t 1500

103. v(t) = %+ 15 @ a(5) = m = 2.4 ft/sec?
(2t + 15)(100) — (100)(2) 1500
at) = 2t + 152 (b) a(10) = [210) + 15F ~ 1.2 ft/sec?
_ 1500 1500
T (2t + 152 (©) a(20) = [220) + 157 ~ °° ft/sec?

105. f(x) = g(x)h(x)
@ (9 =gxh () + h(x)g'x)

f(x) = gx¥)h’(x) + g’(h'(x) + h(x)g"(x) + h’(x)g’(x)
= g(h"(x) + 2g’(x)h’(x) + h(x)g"(x)

f7(x) = gh”(x) + g'(0h"(x) + 2g’(x)h"(x) + 2g"()h"(x) + h(x)g”(x) + h'(x)g"(x)
= g(¥)h”(x) + 3g'(x)h"(x) + 3g"(x)h"(x) + g”(x)h(x)

f@(x) = glh®(x) + g'(}h”(x) + 3g"(0h"(x) + 39" (xh"(x) + 3g"(x)h"(x) + 3g”(x)h"(x)

+g”(0h’(x) + g¥()h(x)

= g(h“(x) + 4g’(x)h"(x) + 6g"(x)h"(x) + 49”()h"(x) + g“(x)h(x)

nh—-1Yn-2)- - - Q) , nh-—Yn=2)- - - QA 2
Hn-on-2 @ @an- 20 -3 - - - @™ ™

(b) fM(x) = gx¥h™(x) + xh"=D(x) +

nn—1Yin-2)- - - 1)
@D =3 -4 - -1
L Nn=1Hn-2) - 1)

[(h=D(h-2)- - (2D)]D)

+ g/”(x)h(n—?:)(x) + .

g V(xh’(x) + g™ (x)h(x)

(h=2(x) + - - -

! / n—-1 nil K
= g0 + 3B N0 + 5T

n n=D(h(x) + gP(x)h(x)

n! (
(n— 9
Notee nl =n(n—1)...3-2-1(read “nfactoria.”)
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107. f(x) = cosx (%) = cosg = %
f(x) = —sinx f/(g) = 7s|nl; = 7§
f7(x) = —cosx f”(g) = —cosg = —%
@ Py(x) = f(a)(x — a) + f(a) = —?(x —~ g) + %

P,(x) = % f7(a)(x — a)? + F(@)(x — a) + f(a)

O A

(c) P, isabetter approximation.

109. False. If y = f(x)g(x), then 111. True

ﬂ_ 7| 7|
& = 10900 + g (9.
=0
X2, ifx O
115. f(x) = x|x| = {xz, itx < 0
o [2x ifx 0] _
F0d = {—2x, if x < o} = 2
w2, ifx>0
P60 = {2, ifx < 0
f”7(0) does not exist since the left and right derivatives
are not equal.
Section 2.4  The Chain Rule
y = f(gx) u=gK y="f(u
1 y=(6x—5* u=6x—-5 y=ut
y=U2-1 u=xt-—1 y=u
5.y = cse3 X U= CcscX y=ud

7. y=(x- 73
y’ = 3(2x — 7)4(2) = 6(2x — 7)?

11 f(x) = (9 — X2/

f(x) = %(9 = X3)"V3(-2x) = —ﬁ

(d) The accuracy worsens as you move farther away
fromx = a = (7/3).

113. True

h’(c) = f(c)g(c) + g(c)f(c)
= f(c)(0) + g(0)(0)

9. g(x) = 3(4 — x)*
g'(x) = 12(4 — X)3(—9) = —108(4 — 9x)°

13. f(t) = (1 — Yv2

1
2J/1—t

P = 30— 9v3(-1) = -
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15. y = (9x2 + 4)v/3

6Xx

Lo —2/3 - __
y’ = Z(9%2 + 4)72/3(18x) = 02 + 22

3

19. y=x—-21

~1
P 12— ) 21]) = — T
Y = =12 =070 = 55
23 y=(x+2)7Y2
gf_; -3/2 — _ 17
v TR T

27. y=xJ/1— x2 = x(1 — x)¥/2
y = x[%(l — X2)*1/2(—2x)] + (1 - Y1)
= —x3(1 - X2)71/2 + (1 — X2)1/2

=1 -x)Y{-x+ (1 - x)]
1-— 2%
J1—x2

X+ 5\
X2 + 2)
g = 2(:2152><(X2 + 2())(2— Jr(xz; 5)(2x))

_ 2(x + 5)(2 — 10x — x?)
a (x2 + 23

X+ 1

B Y=i1

y - 1— 3% — 482
2% + 1)2

3L g(x) = (

The zero of y’ corresponds to the point on the graph of
y where the tangent line is horizontal.

K
-1 5

(U

17. y = 2(4 — x3)v4
y = 2{3)a - 22
_ —X

T

21 f() = (t—3)2
-2

f/(t) = —Z(t — 3)73 = W

25. f(x) = X3(x — 2)*
f/(x) = ¥ 4(x — 2)%(1)] + (x — 2)%(2x)

2X(x — 2)3[2x + (x — 2)]
=2X(x — 2)3(3x — 2)

X
29. = — = 2 —1/2
y 2T 1 X + 1)

v = o =200+ 97920 | + 62 + )7

= (¢ + 1)7Y2 4 (@ + 1)71/2

(@ + 1)"¥—x + (2 + 1)]

.1

(x2 + 1)%/2

1- 2\/)3
1+v

33. f(v) = (

1- 2v)2<(1 +W(=2) - (1- 2v)>

1+v 1+ v?

f(v) = 3(
91 — 2v)?
T 1+

3t2
f) = ——
37. 90 T

o B2+ 3t —2)
9 = (2 + 2t — 1)32

The zeros of g’ correspond to the points on the graph of
g where the tangent lines are horizontal.

24
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X+ 1
X

,_ N+ 1)/x
Y= Tox + 1)

3. y=

y” has no zeros.

l

N

-2

s - 22 —;)\/1 1
t
SO ="

The zero of s'(t) corresponds to the point on the graph of
S(t) where the tangent line is horizontal.

3

3. :c0377x+1 ,
X y
dy —wmxsnmx—coswx—1 i ﬂ. %5
dx x2 ;l'u'r
y
_mxsinmx+coswx +1 3
X2

The zeros of y’ correspond to the points on the graph of y where the tangent lines are horizontal.

45. (a) y = sinx
y’ = cosx
y(0) =1
1lcyclein[0, 27|

47. 'y = cos 3x
dy
ax 3sin3x

51. y = sin(wx)? = sin(72x?

(b) y=sin2x
y’ = 2cos 2x
y(0) =2

2 cyclesin [0, 2]

The slope of sin ax at the originis a.

49. g(x) = 3tan4x
g’(x) = 12 sec? 4x

y’ = cos (7 x9)[2mX] = 22X cos(m3x?)

53. h(x) = sin 2x cos 2x
h'(x)

= 2 cos 4x.

sin 2x(—2sin 2x) + cos 2x(2 cos 2x)
2cos? 2x — 2sin? 2x

cotX  cosx
55. f(x) = —— =—>
sinx  six
, si? x(—sin x) — cos x(2 sin X cos X)
f(x) = —
sin® x
_ —sin’x— 2co?x _ —1 — cos?X
sind x sind x

. 1.
Alternate solution:  h(x) = = sin4x

2

h'(x) = %cos 4x(4) = 2 cos4x
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57. y = 4sec?x

y’ = 8secx - secxtanx = 8 sec? x tan x

61. f(x) = 3sec®(wt — 1)

f(t) = 6sec(wrt — 1) sec(wrt — 1) tan(art — 1)(m)

6rsin(wt — 1)
= 2t — _q) = omSat — 1)
6mseci(wt — 1) tan(wrt — 1) 0 (1 — 1)
65. y = sin(cosXx)
dy _ (—s
dx—cos(cosx) (—sinx)
= —sin x cos(cos X)
_ 3 a1 (48
69 f(x)—X3_4—3(x3 4)-1 < 1 5)
00 = —368 — 4)-2(3@) = ——X
f/(x) 3(x® — 4)72(3x3) 0@ — 42
9
f(-1) = ~%

73. y = 37 — sec3(2x), (0, 36)

y’ = —3sec?(2x)[2 sec(2x) tan(2x)]
— 6 sec3(2x) tan(2x)
0

y’(0)

75. @ fx) = V3% -2, (3,5

F(x) = %(3x2 )

X
33— 2
(3 =2
M =¢
Tangent line:

y—5:§(x—3) X—-5-2=0
(b) 7

\ /5)
-5 5

59. f(0) = % Sin? 260 = 2(sin 26)2
£(6) = 2(3)(sin 26)(cos 26)(2)
= sin 26 cos 26 = %sin40

63. y= Jx+ %, sin(2x)2

= /x+ % sin(4x?)

@ — 1 —1/2 1 2
o~ 2" + 4(:os(4>< )(8%)

1
= ——= + 2xcos(2x)?
> /x S(2x)

67. St) = (t2+ 2t + 8)V2, (2,4

S(0) = 22 + 2+ 822 + 2

__t+1
Ji2+2t+ 8
s(2) = g
71 f(t) = ‘?ff (0,-2
i =1DB) - (Bt+2)(1) -5
o= (t - 1)? T (- 172
f(0) = -5

77. (@ f(x) =sin2x, (,0)
f/(x) = 2 cos 2x
f(m) =2
Tangent line:
y=2x-m 2x-y-27=0
(b) 2

\/ S
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79.

87.

89.

91.

93.

f(x) = 2(x2 — 1)3

f(x) = 6(x2 — 1)4(2x)
= 12x(x* — 2 + 1)
= 12x5 — 24x3 + 12x

f7(x) = 60x* — 72x2 + 12
=125 — 1)(x2 — 1)

The zeros of f” correspond to the points where the graph
of f has horizontal tangents.

g(x) = f(3x)

g'x) =f(3)(3) g'(x) =3f1(3x)

(@ f(x = gxh(x)
f(x) = g¥)h’(x) + g'(x)h(x)
f(5) = (=3)(—=2) + (6)(3) = 24

_ 9
(0 f(x = hx)

Fx) = h(x)g'(x) — g(x)h'(x)

O
(e _ 36 = (=3)(=2) _12 _4
18 = @ " 93

(8 f=132,400(331 — v)1
f/ = (—1)(132,400)(331 — v)~2(—1)

_ 132,400
(331 — V)2

Whenv = 30, f" = 1.461.

6 = 0.2 cos 8t

The maximum angular displacement is = 0.2 (since
-1 cos8 1)

% =02[-8sn8t] = —1.6sn8t
Whent = 3, df/dt = —1.6sin 24 =~ 1.4489 radians per
second.

f(x) = sinx2
f/(x) = 2x cos x?
f7(x) = 2{2x(—sinx?)] + 2 cosx?

= 2[cosx2 — 2x2sin xZ]

The zeros of f” correspond to the points where the graph
of f has horizonta tangents.

(b) f(x) = g(h(x))
f/(x) = g'(h(x))h"(x)
(5 = g’'(3)(-2) = —29'(3)
Need g'(3) to find f/(5).

(d f() =[gxP
/() = 3[g(x)]%g(x)
f(5) = 3(—3)%(6) = 162

(b) f=132,400(331 + v)~*
f/ = (—1)(132,400)(331 + v)~2(1)

_ —132,400
(331 + v)?

Whenv = 30, f’ = —1.016.

9. S=C(R2-r?)

ds dR dr

a = C(ZRE - 2r a)

Sincer is constant, we have dr/dt = 0 and
ds

& = (176 x 109(2)(1.2 x 1073)(1079)

= 4.224 x 1072 = 0.04224.



78  Chapter 2 Differentiation

97. (@) x = —1.6372t + 19.3120t> — 0.5082t — 0.6161

(b) C = 60x + 1350

= 60(—1.6372t3 + 19.3120t? — 0.5082t — 0.6161) + 1350

dC

—— = 60(—4.9116t> + 38.624t — 0.5082)

dt

= —294.696t> + 2317.44t — 30.492

The function ac is quadratic, not linear. The cost function levels off at the end of the day, perhaps due to fatigue.

dt

99. f(x) = sin Bx
(@ f(x) = BcospBx
f(x) = —B%sin Bx
f”(x) = — 8% cos Bx
f@ = g4dn Bx

(b) f(x) + B2f(x) = —B2sinBx + BAsinBx) =0

(© 1@ = (~1)kgsin px

f(2k71)(x) — (_1)k+1 BZkfl cos BX

103. g= Vx(x+n)
= /% + nx

% — 1 2 —1/2,
vl 2(x + nx)~Y2(2x + n)

_ X+n

2+
_(x+n)/2
C Uxx+n)

x4+ (x+n)/2
XX+ n)

a
g

107. h(x) = |x|cosx

X

h'(x) = —|x| sinx + =y cosx, x# 0

X

101. (8 r’(x) = f(g(x))g’(x)

r'(1) = f(g(1)g (1)

Note that g(1) = 4 and f/(4) = % _ %

Also, g’(1) = 0. Thus, r’(1) = 0
s'(x) = g'(F(x)f" (x)
s'(4) = g'(f(4)f"(4)

Note that f(4) = g g’(%) - % - %and

£(4) = %-

Thus, s(4) = %(%) = g

105. g(x) = |2x — 3|

g’(x)=2(2x_3), x#g

12x — 3 2
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109. (a) f(x) = tan%X f(1) =1
0 = s ) =72=12

f7(x)= 7—27 sec? wa - tan LX<£)

3 =50 =5

P, = F(D)(x — 1) + f(1) = izT(x ~1)+1

P,(X) = %(%)(x — 12+ F(1)(x — 1) + f(1) = igT(x — 12+ iZT(x —1)+1

(c) P, isabetter approximation than P,

(d) The accuracy worsens as you move away fromx = ¢ = 1.

111. False. If y = (1 — x)¥2 theny’ = 3(1 — x)"Y2(—1). 113. True
Section 2.5  Implicit Differentiation
1. x+y>=36 3 X2 4 yl/2 = g
Sy-1/2 4 Z\y-1/2y7 —
y’:;x 2x + 2y y’ =0
y S X2 y
T AV
5. XE—xy+y*=4 7. XXy —y—-x=0

I —xy —y+2yy=0
2y =Xy =y—- 3

, Yy — 3
y - Zy_X
9. %3 — 3%+ 2xy? =12

32— 3%y —6xy +Axyy + 22 =0

(4xy — 3x3)y = 6xy — 3x® — 2y?
:6xy—3x2—2y2

1
y 4xy — 3x?

Ay + 3 -y —1=0
By — 1y’ =1- 338

,_1-338
y G2 -1
11. sinx + 2cos2y = 1
cosx — 4(sin2y)y’ =0
, _ _CosX
4sn2y
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13. sinx = x(1 + tany)
cosx = x(sec?y)y’ + (1 + tany)(1)

,_Cosx—tany —1
X Sec?y

17. (@) X2+ y? =16

y2 =16 — x2
y=+/16 — X2
(c) Explicitly:

Y ae— -2

FX —X —X

62 +J16-x Y

19. (a) 16y? = 144 — 9x?

¥ = 15(144 = 9¢) = (16— )

y = i%\/l(i - X
(c) Explicitly:
dy 3

(16 — )~ /2(—2%)

—= = 4

3x —3X —9x

416 — 2 4(4/3)y 16y

Il
+

21. Xy =4
Xy’ +yl1) =0
Xy’ = -y
)
y X

. /__1

At(—4,-1): y' = 1

15. y = sin(xy)
y’ =[xy’ + y] cos(xy)
y’ — xcos(xy)y” = y cos(xy)
,__ycosxy)
1 — xcos(xy)

(b) ,

(d) Implicitly:
X+ 2yy'=0
y' = -z
y
(b) ;

ol
(d) Implicitly:
18x + 32yy’ = 0
, _ —9X
"~ ey
x2—4
2 2
8.y X2+ 4
,_ (4 A2 — (X2~ 4(2X)
W= x2 + 42
,_ 16X
2y’ = (x2 + 4)2
,_ 8x
y y(x? + 4)?

At (2, 0), y’is undefined.
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25. X33 + y23 =5 27. tan(x + y) = x
gx—l/a + gy—l/ay/ =0 1+y)secix+y) =1
3 3 ,_1-sex +y)
y - X3 7% y Sec?(x + y)
Ty s T X _ —tanfxt+y) L,
1 CtaP(x+y) +1 SinPx + )
At(8,1): y = 5 B N
T+l
At(0,0: y'=0.
29. 02+ 4y=8 3L 0@ + Y22 = 4x?y
0+ 4y’ +y2) =0 20¢ + y?)(2x + 2yy) = 4x%y’ + y(8X)
y - —2xy AE + AxPyy’ + 4xy? + 4y°y’ = 4x%y’ + Bxy
¥+ 4 axdyy’ + APy — dxdy’ = Bxy — 4AXE — Axy?
_ —2{8/(x* + 4)] Gy'ORy + Y8 — X3) = 4(2xy — @ — xy?)
X2+ 4 R , ,
, Xy = X° = Xy
_ —16x y' = Xy Ty — @
(X2 + 4)2
At(1,1): y'=0.
At(2 1)y =—2- 1 by
Y T e T T2
(Or ou could just solve for y: *L)
Y j Y'Y=
33. tahy=x 35 x2+y?>=36
y'sec’y = 1 2X+2yy' =0
1 T T
,_ _ _m m —X
y =Py cos?y, > <Y<5 y/ZT
e’y =1+ tanPy =1+ %2 .
y =t ,,_y(—1)+xy’__y+x<_§/>_—y2—x2_—36
1+ L
37. X2 —y?>=16 39. y?=x
2x—2yy'=0 2yy’ = 3x?
y/=§ /_37)(2_37)(2.)(*}/_@/.)(*3_&
y Y oy Ty Ty T x v x
x=y'=0 ,_ 2x(3y) — 3y(2)
" N2 y - 4)(2
1-w-)»P=0
x\2 _ 2{3- (3y/20)] — 6y
L (o -2l
y
Y- Yy =2 S A
42 4y
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41, Ix+ Jy=14 o
1 1
Zy—1/2 1/2y —
2x + 2y y’ =0 |
(9.1)
, —\/)7 -1 14
y \/;( -1
o1
. 1
Tangentliney — 1 = _§(X -9
y = —%x +4
Xx+3y—12=0
43. 2+ y? =25
= —-X
y
At (4, 3): 6
. —4 / .3
Tangentllne:y—3=?(x—4) 4Xx+3y—25=0 S \9
. 3 f/
Normal line: y — 3:Z(X_ 4) 3x—4y=0. 5
At (-3, 4): 6
Tangent line: y—4:Z(x+ 3) 3X—-4+25=0 o ky 0

Normal line: y — 4:%4(x+ 3) 4x+3y=0. 6

45, x2+y*=r2
2X+ 2y’ =0

y = TX = dlope of tangent line

= = dope of normal line

X <

Let (X, Yo) be apoint on the circle. If x, = 0, then the tangent line is horizontal, the normal line is vertical and, hence, passes
through the origin. If X, # 0, then the equation of the normal lineis

Y,
y—%=iu—w

Yo
= 2x
%

which passes through the origin.
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47. 25x¢ + 16y2 + 200x — 160y + 400 = 0 y
50x + 32yy’ + 200 — 160y’ = O
, _ 200 + 50x
Y'~ 160 — 32y

Horizontal tangents occur when x = —4:

25(16) + 16y? + 200(—4) — 160y + 400 = 0

-10 -8 -6 -4 2

yy—-100=0 y=0,10
Horizontal tangents: (—4, 0), (—4, 10).
Vertical tangents occur wheny = 5:
25x? 4+ 400 + 200x — 800 + 400 = 0
25x(x+8 =0 x=0,—-8

Vertical tangents: (0, 5), (—8, 5).

49. Find the points of intersection by letting y? = 4x in the equation 2x? + y? = 6.
2¢+4x=6 and (x+3(x—1)=0

The curves intersect at (1, +2). + V2=4x
Ellipse: Parabola: {7@
-6 6
4x+2yy' =0 2yy' =4 l\ L-2
2x 2 22+y2=6
r - _= r == -4
y y y y

At (1, 2), the Slopes are:

y'=-1 y' =1
At (1, —2), the opes are:
y' =1 y'= -1

Tangents are perpendicul ar.

51. y = —xandx = siny 4
Point of intersection: (0, 0)
y=-—Xx X=sny: 7 eog 6
y'=-1 1=y’cosy -4 xA+y=O
y’ = secy
At (0, 0), the Slopes are:
y'=-1 y =1
Tangents are perpendicular.
53. xy=C X —y2=K 2 2

xy’+y=0 2Xx—2yy'=0 \“)& \
-3 C-1 3 -3
y X y y “\\

At any point of intersection (x, y) the product of the
slopesis (—y/x)(x/y) = — 1. The curves are orthogonal.
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55. 2y2 — 3x* = 0
dy dx
’_ 3 e A 322 _
@ 4y’ —12¢=0 (b) 4y o 12x at 0
4y’ = 1238
W dy .,
L 123 3 Yar = ¥

4y y
57. cosmy — 3sinwmx =1
. , . dy dx
@ —wmsin(wy)y — 3mcosmx =0 (b) —7 sm(wy)a - 37 cos(wx)a =0
dy

dt

,  —3coswX .
| —sin(y)

dx
snmy = 3 cos(mX)—.

dt

59. A functionisin explicit form if y is written as afunction
of x:y = f(x). For example, y = x3. An implicit equation
isnot in the formy = f(x). For example, x? + y? = 5.

61. (& x4 = 4(4X2 - y2) 10
4y? = 16x2 — x*

-10 Ir-\\" 10

1
2 — 2 =
yé = 4x 4x4

-10

y=3 4x2—%x4

® y=3 9=4x2—%x4
36 = 16¢ — x4
X — 16 + 36 = 0

16 + /256 — 144 v2256—144:8i /28

Notethat X2 =8 + /28 =8 + 27 = (1 +

X2 =

+

=
2

™

Hence, there are four values of x:
-1-J7,1- V7, -1+J7,1+ V7

_X8-x)
23

Forx=—1- 7,y =3(/7 +7), and the lineis
=XV +7)x+1+ V7) +3=Y(V/7T+7)x+ 8,7+ 23)
Forx=1- 7,y = 3(/7 — 7), and thelineis
Vo= 3(VT-7)x -1+ /7)+3=Y(/7-7)x+ 23 - 8.7
Forx=—1+ J7,y' = —3(/7 — 7), and thelineis
= AT T+ 1= )+ 3= (7 - T (- 87) .

Tofindtheslope, 2yy’ = 8x — x® vy’

Forx=1+ 7,y = —3(/7 + 7), and thelineis
Vo= —sV7T+7)(x—1- /7)) +3=-Y(V7T+ 7)x— (847 + 23)]. v

—CONTINUED— -10



Section 2.6 Related Rates 85

61. —CONTINUED—
(c) Equating y,; and y,,

SV Dx+ 1= VT 3= —S(VTH T)x—1- VT) + 3

3
(V7T=7x+1-V7) = (VT+7)(x-1-7)
JIX+ ST—T-Tx—7+7/T=ITx—JT-T+x—-7-7J7

16./7 = 14x
87
X=77
If x = 87ﬁ theny = 5 and the lines intersect at (8‘7ﬁ 5).

63. Let f(x) = x» = xP/9, where p and g are nonzero integers and q > 0. First consider the case where p = 1. The derivative of
f(x) = x1/4is given by

f(x + Ax) — f(x) 0 f(t) — f(x)

d .

—[x¥9] = lim lim

dx[ ] Ax 0 AX tx t—x

wheret = x + Ax. Observe that
f() — f(x) tYa— xi/a tY/a — xl/a
t—-x t—x  (tYea— (x/a9)q
— tl/a — x1/a
(t/a — x/a)(tl-@/a) 4 t1-@/axl/a 4 . - - 4 {Laxl-(2/9) 4 x1-(1/®)

_ 1
T -Wa) 4+ t1-@ayl/a 4 ... 4 tYagl— (/) 4 1=/

Ast X, the denominator approaches gx~/9), That is,

d-, 1 1
/4] = = Zx(1/g9-1
dx [X ] qXJ-* (1/a) q X :

Now consider f(x) = xP/9 = (xP)1/9, From the Chain Rule,

1 .d 1 Cne1 — Puo/a—ple -1 — P/ 1o ( p>
= Z(xP)1/—1yp] = =(xP)1/0)—1pxp—1 = Eyl(p/a—-pl+ (-1 = Ey(p/a-1 1 =E
f(x) q(X':’) dX[X] q(x) px qx[ qx( nx"~1(n a)

Section 2.6 Related Rates

L y=Jx 3. Xy =4
dy _ ( 1 \dx dy X
dt 2ﬁ>dt Xat TYar ~ °
ax _, ody a_ (,X)%
dt 2‘&dt dt— \ x/dt
(8 When x = 4 and dx/dt = 3, dx _ (l)@
Q:i(s) 3 dt y/ dt
a 2./4 " 4 (8 Whenx = 8,y = 1/2, and dx/dt = 10,
(b) When x = 25 and dy/dt = 2, & _1/245 5
) dt 8 g
X
o= 2VB@) =20 (b) Whenx = 1,y = 4, and dy/dt = —6,
dx 1 3
@« 27977
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5, y=x+1 7. y=tanx
dx dx _
a2 a2
dy _ ,, dx ay_ e, WX
dt < dt =~

13.

15.

(@ Whenx = —1,

Y _ 2 1)@ = —acmy/sec.

dt
(b) Whenx =0,

dy _

at = 2(0)(2) = 0 cm/sec.
() Whenx =1,

dy _ _
at = 2(1)(2) = 4 cm/sec.

dx ) dy ..
. (a) pm negative p positive

(b) %positive %negative
D=JUR+y=UR+(R+1>%=I/x+3x+1
X2

C:j—? - f(x“ + 3@+ 1)V + 6x)c;)t( —
A= 7r?

oy

(@ Whenr = 6,

%—? = 2m(6)(3) = 367 cm?/min.
(b) Whenr = 24,

at

(@ Whenx = — /3,
dy — (27(2) = 8 cm/sex.
(b) Whenx = — /4,

Y (/2)2) = 4om/sec.

aA_ 2m(24)(3) = 1447 cm?/min.

dt
(c) Whenx =0,
dy _
ot = (1)3(2) = 2 cm/sec.
dy dx
11. Yes, y changes at a constant rate: i a- o
W i o oo of &
No, the rate at isamultiple of e
_ 4x3 + 6X
IX+FE3R+1
17. (a) sngzw b = 2ssin
2 s
cosg = h h= scosg
2 s 2

_1 o 0
bh = <233|n 2>(scosz>

2

2 2 2

:§<25ingcosg> =§sint9

dA 3 do dge 1
(b) —coseawherea frad/mln
_mdA_ (/31 /s
When 6= ¢4t = 2( 2 )(2)‘ 8

_mdA_ ¢ _g
When ¢ 3 dt 2(2)(2)_8

(c) If do/dt is constant, dA/dt is proportional to coseé.
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4 av

=23 2 =
19. V 37-rr St 800
av dr
E = 4712 dt
dr 1 (dVv
dt 47rr2(dt> A7 r2(800)
(8 Whenr = 30, — dr_ (800) = icm/mln
dt ~ 4x (30)2
(b) Whenr = 60 ar_ (800) = 1 cm/mln
Tt (60)2
1 1 (9 2> - _
23. V= 37" h = 37-r<4h h [since2r = 3h]
37 4
n h
av
m 10
av _ 97 ,dh  dh _ 4(dVv/di)
d 4 d dt 97h?
dh_ 410 _ 8
When h = 15, dt ~ 9x(152 ~ 4057 ft/min.
25. 12 L
/)
6, —
R v —
S
1

(a) Total volume of pool =

(b) Sincefor0 h

av dh 1 dh 1 1
dt

Volume of 1m. of water = %(1)(6)(6) = 18 m?

(see similar triangle diagram)

% pool filled = ££(100%) = 12.5%

2, b = 6h, you have

_ %bh(e) — 3bh = 3(6h)h = 182

=36h— =~ —=—=7=im/min.

dad 4 at

226 + 1E)(12) = 144100

s = 6xX?
dx
o 3
ds dx
dt 12x dt
(@ Whenx =1,
‘;—f — 12(1)(3) = 36 cm?/sex.
(b) When x = 10,
ds
i 12(10)(3) = 360 cm?/sec.
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27. X2 + y2 = 252
dx dy _
?_xdt + 2y at =0 ”
y
dy  —x dx_ —2x_ dx _
at y i y smcedt =2
X
7y dy_ =20 _ -7 _1
(8 Whenx = 7,y = /576 = 24, ot .~ 12 ft/sec (b) A= >Xy
_ _ _o W _—215 _ -3 OLA_}(Q %)
Whenx—15,y—\/400—20,dt— 0 - 2ft/sze(:. dt_zxdt+ydt
Whenx = 24,y = 7, dy —224) = _—48ft/sec From part (a) wehavex = 7,y = 24,% =2,
dt 7 7 dt
dy_ 7
andy = "1z
dA 1 7
Thus, 5 = §[7< 12) + 24(2)]
_ 521 2
= 4 = 2L96ft?/sec.
X
C tan 6 = —
(©) y
do_1 dx_x dy
SO Ty v s \es
a6 _ 1 %_L @]
t _Cosz"[y dt v dt -
= x_,d_ 7 _ 24 Q40 _ (24 1 l)] 1
Usingx = 7,y = 24, p =2, at 1 and cos 6 ey we hav S (25>[ 2 - (24)2( 7 o rad/sec.
29. Wheny = 6,x = /122 — 62 = 6./3, and :
s= T @2y T o
- /108 + 36 = 12 y s
| =
X+ (12-y2=¢ \
dx dy ds
2 T 212 - (=D g 2sdt
dx _ dy
i + (y 12) dt
Also, X2 + y? = 122
o, Ldy o dy_ —x
et ¥u =0 @y o
dx x dx ds
Thusx +(y 12)< y dt) a
of o 1x]_ O d_ sy ds_ (12)(6) -1 -3
dt[x X + y] St q - 12 dt_(12)(6f)( 0.2) = 5f 15 m/sec (horizontal)
dy _ —xdx _—6/3 (-v3) _1 :
&y a6 15 —Sm/sec(vertlcal).
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3l. (A SL=xX+y

dx

i —450

dy _ _

i 600 :

d;S — % @ Dis:tlgce (inri(i)?%)
zsdt_zxdt+2ydt

ds _ x(dx/dt) + y(dy/dt)

dt s

When x = 150 andy = 200, s = 250 and
ds _ 150(—450) + 200(— 600) _

at 250 — 750 mph.
250 1 .
(b) t—7—50—§hr— 20 min
33. £ = 902 + x2 2nd
x =30
30ft £,
% = —-28 3rd,\/ 1st
pgUS _ 5 O ds_ X
dt N dt dt B s dt v Home
When x = 30,
s= /902 + 30? = 30./10
ds 30 —28
—= —28) = —— =~ —8.85ft/sec.
30010 2~ /1o /
5 _ vy _ _ -
35. (8 6 y—x 15y — 15x = 6y
_5
y= SX 15
a_, ‘ '
dt Y Y
dy _5 dx_5. _25 —
ot "3 a3~ g/

dy-x _dy dx_25_ __10
® =G @ a3 > 3/
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1.
37. x(t) =fsm1t, x2+y2=1

2 6
(a) Period: %— 12 seconds
1 2 _ ;2_@
(b) Whenx—z,y— 1 <2> =5 m
Lowest point: (O?)
1 1\2 /15
(©) Whenx—4y— 1 <4> =1 and t
%:1<z>cosf,ﬂc mt
d 2\6 6 12 6
X+y2=1
dx dy dy —x dx

dy 1/4 T T
&~ J1sa 12 S<6)
_ —w(l)ﬁ -7 1 - 57

T J/1s\12) 2 T 24 5 120 -
Speed:‘il‘ggw‘:{?sgm/sec
41. pVi2 = k
13pV°3(:iV VlS‘;‘t’ 0
v°3(13p%\t/+v?jf) 0
G-V
43, tanezg%
%{:3m/sec.
e Gl

Wheny = 30, 6 = /4 and cos § = /2/2. Thus,

de 1

ot 30( )(3) ?rad/%c'

39. Since the evaporation rate is proportional to the surface
area, dV/dt = k(4mr?). However, sinceV = (4/3)rr 3,

we have
v _, L
a 4arr at
Therefore,
dr ar
2) — 2 4 =
k(4mr2) = 4xr at k a
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45, tan0=¥,y=5 .
X //’ I
}’/ :y,5
dx . e 177
o~ 600 mi/hr - !
do 5 dx
22 2 22
(S0 = % " ot
de 5\dx X3/ 5)\dx
i 9(‘?)& = P(‘?)&
_(_F\(N\x (1)_ PP
—< L2)<5>dt = (—sin?6) 5 (—600) = 120sin? 6
o do _ 120 _ _1 :
(& When 6 = 30°, e 30rad/hr = 2rad/mln.
(b) When ¢ = 607, 99 — 120(5) — 90rad/hr =  rad/min.
dt 4 2
(c) When 6 = 75°, % = 120sin?75° =~ 111.96 rad/hr =~ 1.87 rad/min.
47. 99 _ (10 vev/se0) (277 rad/rev) = 207 rad/sec
. dt i T ,

49.

(8 cos o = X

30
—dn 0@ -1
dt 30 dt
= _ —30sin 0@ = —30sin §(20m) = —6007sin §
dt dt
(b) 2000

| IWAWAY
VARV,

-2000

(c) |dx/dt| = |—600w sin 6| is greatest whensin 6 = 1
|dx/dt| isleast when 6 = nar (or n - 180°).

P

0 = (m/2) + nm (or 90° + n - 180°)

(d) For 6 = 30°, % = — 6007 sin(30°) = —60077% = — 3007 cm/sec.
For § = 60°,% = —6007 sin(60°) = *60077? = —300/3 7 cm/sec
tan0=L X = 50tan 0
50
% = 50 sec? 9 %
2= 509&20%
%=2—15c0320,77zr 0 77:
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51. X2 + y? = 25; acceleration of the top of the ladder = (;ng
First derivative: ZX% + Zydy 0
Ka Va0
Second derivative: x% + % ?j)t( + y% + % % 0

-3 (4 -2
a2z ~ \y)l oz T \at dt

2
Whenx =7,y = 24,% A d— = 2 (see Exercise 27). Smced is constant, — d™_ 0.

12" dt 2
dy _ 2_ <_l>2] =i[_ 49] L[_%]~ _ .
dt2 24[ 0-@ 12) | =24 "% 144] T 24 1] = 018087/

53. () Using agraphing utility, you obtain m(s) = —0.881s?> + 29.10s — 206.2

dm dm ds

ds
(b) — T ds dt = (—1.762s + 29.10)a

(©) Ift = s(1995), thens = 155and dt 1.2

Thus, %—m = (—1.762(15.5) + 29.10)(1.2) = 2.15 million.

Review Exercises for Chapter 2

Lfx)=x2—2x+ 3

0 = im, 1005

lm[(X+AX)Z*Z(X+AX)+3]*[X2*2X+3]

AX 0 AX
- im (0@ + 2x(AX) + (Ax)?> — 2x — 2(Ax) + 3) — (X — 2x + 3)
- Ax O AX
2 _
— jim 20 AT 280 i oy 4 oax— 2) = 2x - 2
AX 0 AX AX 0
3 f¥)=Vx+1 5. fisdifferentiable for all x # —1.
vor i FX+ AX) = f(x)
P = A|>I<mo Ax

B Im( X+ Ax + 1) — (VX + 1)

AX O Ax

. X+ AX — VX X+ Ax + X
= lim .
AX O AX X+ AX + /X
im (x + AX) — x
ax 0 AX(V/X + AX + /%)
= lim L = L

A0 X+ AX+ X 2%
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7.fx) =4—|x— 2|

(@) Continuousat x = 2.

(b) Not differentiable at x = 2 because of the sharp turn
in the graph.

11. (a) Using the limit defintion, f/(x) = 3x2.
Atx = —1,f(—1) = 3. Thetangent lineis
y— (=2 =3(x - (=1))
y=3&+1
(b) s 2

|/

(-1,-2

15. y 17. y=25
y'=0

21. h(t) = 3t*
h'(t) = 12t3

25. h(xX) = 6/X + 3/x = 6x%/2 + 3x1/3

h(x) = 3x~ Y2 + x2/3 = +

Sle

3/x2

29. f(6) =20 — 3sing
f(6) =2 — 3cos b

9. Using the limit definition, you obtain g’(x) = 4 1.

3 6
(- 4 1_=3
Atx=—-1,9(-1 = 3 6" 2
. X) — 9g(2
2 — —
:”mx(x 1) -4
X 2 X— 2
_im X=X 4
_><2 X—2

X—2)(x*+x+2
X—2

lim(x2+x+2) =8
X 2

19. f(x) = x8
f(x) = 8x’

23. f(x) = x3 — 3x2
fi(x) = 3x% — 6x = 3X(X — 2)

27. glt) = %ﬂ

—4 —4

(x) = —4-3 = ——
g'x) =3t e
31. f(0)=3cosof¥40

£(6) = —3sin 6 — %9
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33 F=200JT 3B 8t = ~167 + 5
100 s(9.2) = —16(9.2)> + =0
Fry = 20
JT s = 1354.24
(@ WhenT = 4, F'(4) = 50 vibrations/sec/Ib. The building is approximately 1354 feet high (or 415 m).

(b) WhenT = 9, F(9) = 33§ vibrations/sec/Ib.

7. v (c) Ball reaches maximum height when x = 25.
5l (d) y = x — 0.02¢
ol y’ =1 — 0.04x
st y(0) =1
T y(10) = 06
20 40 60
y'(25) = 0
Total horizontal distance: 50
y’(30) = —0.2
(b) 0 =x — 0.02x2
y’(50) = -1
0= x(1- ) impliesx - 50 (&) y(25) = 0

39 xt) =R —3t+2=(t— 2t -1
@ v(t) =x(t) =2t -3
att) =vi(t)y=2
(©) v(t) = Ofort = %

(b) v(t) < Ofort < 3,
(d) x(t) = 0fort =1, 2
VD] = 20 — 3 = 1

V)| =22 -3l =1
x=(3-26-1= (-3 = V@)= 122 =3
The speed is 1 when the position is 0.
41. f(x) = (3 + 7)(@ — 2x + 3) 43. h(x) = V/xsinx = x¥2sinx

f(x) = 32+ 7)(2x — 2) + (2 — 2x + 3)(6x) h(x) = zisinx + /X c0sX

= 2(6x3 — 9x2 + 16x — 7) VX
45. f(x) = 2x — x2 47. f(x) = %
() = 2 + 22 = 2(1 + X—13> o = DX *&2 — i))i *x - 1)
—(x2
2
49. f(x) = (4—-33* Sl.y= cosx
f(X) = —(4 — 3x)2—6x) = ﬁ . Cosx(2x)co—sz>;2(—sin X) _ 2 cos(ijo;r2 )>(<Zsinx
53. y = 3x?seCcx 55. y = —xtanx

y’ = 3x2sec xtan X + 6X secx y' = —xsec?Xx — tan x
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57.

61.

65.

69.

73.

77.

81.

Yy = XCOSX — Sin X

Yy’ = —XSiNnX + COSX — COSX = —XSNX
f(6) = 3tan 6
f/(6) = 3sec? 6

f7(0) = 6sec O (sec Htan 9) = 6sec?Htan O

f(x) = (1 — x3Y2

P = 31— ) V2(-3¢)

_
2J/1 - x3

f(s) = (2 — D53 + 5)

f1(9) = (£ — 1)5/2(3s) + (& + 5)(3)(s2 — 1¥2(29)
=s(s2 — 1)¥35(s? — 1) + 5(s® + 5)]
= o(s? — 1)¥2%(8s® — 3s + 25)

y=%c302x

Y=%%&&M&M)

= —(CSsC 2X cot 2x

2 2
= Zgn32x — = gn7/2
y 3$m X 7sm X

y’ = sin¥/2xcosx — sin%2x cos x
(cosx)/sinx(1 — sin?x)
= (cos® x)

sin X

f(t) = 2t — 1)
f18) = t(t — D7t — 2)

The zeros of f” correspond to the points on the graph of f
where the tangent line is horizontal.

0.1

i~/
-0.1 f\""- 13
f

-0.1

59.

63.

67.

71.

75.

79.y

83.

gty =t —3t+2
gty =3t2—-3
g’(t) = 6t

y = 2sinx + 3cosx

y’=2c0osXx — 3snx

y”= —2sinx — 3 cosX
y’+y=—(2sinx + 3cosx) + (2sinx + 3 cosx)

=0

oo = (53]
X — 3><(x2 + 1)(1) — (x — 3)(2x)>

X2+ 1 (x2 + 1)

h'(x) = 2(

_2lx = 3)(—x2+ 6x + 1)
a (x2 + 1)3

y = 3cos(3x + 1)
y’= —9s8in(3x + 1)

1

= 5(1 — Cos2X) = SN X

_sinwx
X+ 2

. (X + 2)mcoswTx — Sin 7w X
(x + 2)2

g(x) = 2x(x + 1)~ %2

sy Xt 2
g(X)— (X+ 1)3/2

g’ does not equal zero for any value of x in the domain.
The graph of g has no horizontal tangent lines.

4
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85. f(t) = (t + D¥2(t + D)¥3 = (t + 1)%/¢

5

0 = 6(t + 1)2/8

f” does not equal zero for any x in the domain. The
graph of f has no horizontal tangent lines.

L

-

-1

87. y=tan/1— x
_ 1-x

2J/1—x

’

y’ does not equal zero for any x in the domain. The graph
has no horizontal tangent lines.

N |
£y

-20

89. y = 2x2 4+ sin2x 91. f(x) = cotx 03. f(t):ﬁ
y’ = 4x + 2 cos 2x f/(x) = —cse?x -
y’=4—4sin2x f”= —2cscx(—cscx - cotx) f’(t)=(l_t)3

= 2.csc? X cot X 2t + 2)
(T
95. g(f) =tan36 — sin(f — 1)
g(6) = 3sec?36 — cos(6 — 1)
g”(6) = 18 sec?30tan 30 + sin(6 — 1)
97. T =T700(t2 + 4t + 10) 1
1= —1400(t + 2)
(t2 + 4t + 10)?
(& Whent = 1, (b) When't = 3,
, —14001+2) ,_ —14008+2)
V= Tiaii0p 18667 deg/hr. TeGr i deg/hr.
(c) Whent =5, (d) When't = 10,
, _ —1400(5 + 2) o , _ —1400(10 + 2) o
T = 25+ 30+ 102 3.240 deg/hr. = {100 + 40 + 102 0.747 deg/hr.
99. X2 + 3xy + y8 = 10
2x+3xy’+ 3y + 3y =0
3(x + Yy’ = —(2x + 3y)
,_ —(2x+3y)
3(x + y?)
101. yJX — xJy = 16
y<%x—1/2> + X:L/Zy/ _ x<%y*1/2y’) _ y1/2 =0
~ X ’ -, y
X— ——= = - ——
<\/ 2\/y>y 4 2J/x
2%y =X, _2/xy —y
2.y 2./
oYy 2y Xy
2/x 2y — X 2XJy — xJx
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103.

107.

109.

XSny = yCcosX
(xcosy)y’ + siny = —ysinx + y’cosx
y’(xcosy — cosx) = —ysinx — siny
,_ ysinx+siny
Y'= Cosx — X COSY
y = VX
dy .
i 2 units/sec
dy 1 x  dx_ ., opdy oo
dt "o /xdt  dt 2% = 4/x
1 dx o
(@ Whenx = =, — = 2/2 units/sec.
2’ dt
dx .
(b) Whenx = 1, e 4 units/sec.
dx .
(c) Whenx = 4, i 8 units/sec.
s_12
h 2
1
S = Zh
av
a1

Width of water at depth h:
1
W=2+25=2+2<Zh) =

4+h
2

5
V—§<2+

v 5 dh
a = 5(4 + h)a
dh 2dv/dh)
dt 54+ h)

dh 2

When h = 1’& = Em/mln.

5
>h = 2@+ hh

1 1
2 2 2
2

| —— N —>

105, X2+ y2=20 6
i e
2x + 2yy’ = 0 /’

-6

. ’ _1
At(2,4): y = >

. 1
Tangent linery — 4 = _E(X -2

X+2y—10=0
Normal linet y — 4 = 2(x — 2)
2x—y=0

111. s(t) = 60 — 4.9t

s(t) = —9.8t s()
s=35= 60— 49 %
492 = 25
fo—2_
J4.9
1 s(t)
tan30° = —= = >
J3 X
x(t) = +/3s()
dx ds 5
e \/éa = \/é(—g.B)ﬁ
~ —38.34 m/sec



