g(x) = (= + 3" - 4x)

1l

2(2):3 - 6x? + 3x — 6)

(3x — 4)(»* + 5)

y = (3x - 4)(3x2) + (x3 + 5)(3)
9x3 — 12x% + 3x3 + 15

12x3 = 12x% + 15

<
1] i [

i

3 h() = i(l-2) = 22 (1 - 22)
K (1) = t’/z(—Zt) + (1 - ,2)%,—1/2

=2y L Ly

22 2
= _Et?’/z ; ._l_
2 gn

_1=52 152

4, g(s) = \/;(32 + 8) = s’/z(s2 + 8)

g'(s) = s"2(25) + (sz + 8)-;-{]/2

]

2s¥% 4 -I-s3/2 + 4572
2

_53/2 .4
—ES +S17
552 + 8

/s

5. f(x) = ¥’ cosx
f'(x)

x*(—sin x) + cos x(3x2)

3x%cosx — x3sin x

It

x*(3 cos x - x sin x)

6. g(x) = /xsinx

]

1
"(x Vx cos x i sin x|

£() K 2\/§J
= Jxcosx +

1 .
Sin x
2x

Section 2.3 pr

g(x) = (x‘ + 3)(2x - 4) + (xﬂ - 4x)(2x)
= 2x° - 4x% 4+ 6x - 12 4+ 2x% 8x*
= 4x° ~ 12x% + 6x - 12

oduct and Quotient Rules and Higher-Order Derivatives 135

tion 2.3 Product and Quotient Rules and Higher-Order Derivatives

X
7. f(x) = 17
) = (x* + 1)(1) —Zx(Zx) - x22
(x* +1) (= 1)
3~ 1
8 80) = 505
20 = (2t + 5)(61) - (3:2 - 1)(2)
(2t +5)
_ 122 4300~ 62 + 2
(2t + 5)°
_ 6% +30t + 2
(2t + 5y
9. h(x) = ;/; = x"

4+l X+

(2 + a2~ 2(3x2)
(x3 + 1)2

x4+ 1 - 6x°

20°(2 4 1)

1553

2\/;():3 + l)2

H(x) =

2

2\/_; + 1
(v +1)2x) - 22(x12)
(2\/; + 1)2
4x7% 4 2x — X2
(2\/; + 1)2
3x2 4 2x
(25 + 1]
(3vx + 2)
(2\/; + 1)2

10. f(x) =

fx) =

. g(s) = 2

x*(cos x) - sin x(2x) _ xcosx — 2sin x

(,x?')z x3
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A ihad odld LI 4 AskgICr CTLLIULLUN

cos ¢
[3
70 = £*(=sin 1) ‘ZCOS f(3f2) _ _tsins +43 cos ¢
() !
13. f(x) = (x3 + 4x)(3x2 + 2x — 5)
f(x) = (x3 + 4x)(6x +2)+ (3):2 + 2x - 5)(3x2 + 4)

12. (1) =

= 6x* + 24x% + 2x3 + 8x + Ox? 4 6x> = 15x% + 12x% + 8x - 20

I5x* + 8x* + 21x% + 16% — 20

7(0) = -20

4 y=(¥-3x+ 2)(x* + 1)
V= (xz - 3x + 2)(3x2) + (x3 + 1)(2x -3)
=3x4—9x3+6x2+2x4—3x3+2x—3
= 5x* = 12x% + 6x2 + 2x — 3

Y0) = 52 - 12(2) 4 o2) 4 20) 3 9

¥ -4
x-3

o G- - (7~ a)
/() (x - 3)2

_ 2 —6x-x*+4
- .(x—3)2
X —6x+4
e
1-6+4 1

ry=1=8xs

(-3 4

15. f(x) =

Function Rewrite

2
19,};:L3x

2_
20‘y=5x 3

16. f(x) = ;‘;:

= G0 - (- 4
/() (x+4)2
_X+t4-x+4
(x+4)2
8
(x+4)2
8 _38
G +47 49

@) =

17 f(x) = xcos x ‘
J'(x) = (x)(-sin x) + (cos x)1) = cos x - x sin x
SER

sin x

18.  f(x) = -
1) = (*)(cos x)x: (sin x)(1)

X COS X — sin x
= 205X —smx
2

() _ (@/6)N3/2) - (12) |
s [EJ - 7236
- 3\/57[ - 18v

3(J§zr - 6)

—————




. Function Rewrite

= _6__. y = —x72
y 7x2
= 10 y = E)- -3
y - 3x3 3
32
y=4x y=4x" x>0
i X
2x 2/3
el = 2x
g 2 y
: 4 - 3x - x?
: f(x) = x2 -1

(#* = 1)(=3 - 2%) - (4 - 3x - 2*)(2%)

(x2 - 1)2

~3x% +3 - 2x> + 2x — 8x + 6x% + 2x°

(= -1y

f) =

3x2 - 6x + 3

@

_ 3(x2 - 2x + 1)
(e
(-1 3

G-+ (x+1)

Section 2.3 Product and Quotient Rules and Higher-Order Derivatives 137

Differentiate Simplify
12 ]
Yy 7 y 7x3
, 30 , 10
y = —-?_x_4 y = —--x—4
y' = 2x‘l/2 y' = —\%,x >0
c_ 4 s .4
y =3 Y T3,
X2 +5x4+6
2. f(x) = —;
x* -4

(#* - 4)2x +5) = (x* + 52 + 6)(2x)
G

2x% 4 5x% = 8x — 20 - 2x® — 10x% — 12x

JG) =

(-4
_ —5x* - 20x — 20

oo
—S(x2 + 4x + 4)
(x - 2% (x + 2)°

~5(x + 2)°
(x - 2)2(x + 2)2

I RN
(- 2)
Alternate solution:
X2 +5x+6.
A A
C(x+3)(x +2)
(x+2)(x-2)
x+3

= x # -2
x -2

(- G20 = (4 9)0)
o) s
5

-2y
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138 Chapter 2 Differentiation

_ " = 32
SN ERN (R 010 Y5 -3 = (e
x+3 x+3 I 1
() =1~ B34 ax() I(x) = 2 3(;)‘"’ 2) + (3 3)(5*’_2/3)
Xp=l-e—t——
4 (x + 3)2 S
= Zx Vo y
(x2+6x+9)—12 6
+ —
= x_(__);)z_ Alternate solution:
X+
S(%) = Vx(Vx +3)
- J 2 Ax - 1] = 56 4 3,
28, f(x) = x*1- = x e
L x+1 X + 1]

Fx) = 206 4 o

x -1 ) 6
+ 4x° :
Lx + IJ( ) 5 W
6x/6 2P

= x* 2 J [ X2 -1 J( )
_(x + 1)2 (_x + 1) 31, h(s) = (SS - 2)2 SN v R

e

(x + 1)2

J)

]
=
EN
—~
®
!
—
~—
[SEV R |

= 2y 2x2 +x -2 h'(s) = 65° ~ 1257 = 6s2(s3 - 2)
(x + 1)2
32. h(x) = (x* + 3)3 = 2%+ 0x* 4+ 27x2 4+ 27
29. f(x) = 33:] = 3xV2 - xI2 K(x) = 6x° + 36x° + 54x
X .
fl(x) = gJc"-/2 + lx‘3/2 = 3x + 1 = 6X(X4 6T+ 9)
2 2 2x¥? R
. = 6x(x + 3)
Alternate solution:
~ _ o 2 () 2x -] 2x - |
_3x -1 3x-1 ‘ 33, = = =
) = NI /%) x=3 x(x-3) ¥ -3x
2 ¢ —
22(3) - (3x - 1) 1 (x—i/Z) £ = (x ~ 3x)2 - (2x - 1)(2x - 3)
’ 2 2 2
f(x) = s (x - 3x)
2x% — 63~ 4x2 + 8x - 3
lx‘1/2(3x +1) ==X il .: al
= -2“——-— (.X2 - 3x)
x
e =—2x2+2x2—3=2x2~‘-2x+23
T o2xP? : ()c2 - 3x) x*(x - 3)

2 1 x?
34, =xZ - = 2x - - :
g(x) x(x +1) x X+ ]

, G- A 42 D) -2 2 gLy
&) =2- (x + 1) (+1) T ey
35 f(x) = (22 + 5x)(x - 3)(x + 2)
T'(x) = (657 + 5)(x - 3)(x + 2) + (2x3 + 5x)()(x + 2) + (26 + 53)(x - 3)(1)
= (6x% + 5)(x* - x - 6) +(2F +5x)(x +2) + (200 4 Sx)(x - 3)
= (6x* + 527 - 6x® = 5x — 3652 — 30) + (2x* + 4 + 532 + 10x) + (2x* + 55% - 67 - 15x)
= 10x* - 8x* - 21x? - 10x - 30 ‘
Note: You could simplify first: £ (x) = (2x3 + Sx)(x2 -x - 6)

© 2014 Cengage Leamning, All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.
)




Section 2.3 Product and Quotient Rules and Higher-Order Derivatives 139

x - x)(x3 + 2)(;:2 +x - ])‘
3x? - l)(x2 + 2)(3:2 +x - 1) + (x3 - x)(2x)(x2 +x - 1)
3x* + 5x% - 2)(x2 + X - l) + (2x“ - 23:2)(x2 +x - l) +

7@ =
7 = ( + (= x)(x + 2)(2x + 1)
= (x° + 2 - 2x)(2x + 1)
= (3x% + 5x* = 227 +3x% 4 5x7 - 2x - 3x* = 557 + 2)
+ (200 - 26" 4 26° - 2 - 2x' 4 24%)
+(2x" +2x —4x + 20+ X - Zx)

=T7x5 +6x° +4x> —9x2 —4x+ 2

X+l 45. g(t) = 1 = 6cser = 1M + 6esct
)= m : s 1o
SR (x" cz)(2x) - (x2 + cz)(Zx) g - 4 ' O s et
76 - (xz - 02)2 .- 6cscicott
O Y
B 4xc?
= — .
(x2 —cz) 46. h(x) =l—12s.ecx =x' - 12secx
x
. ot - 2 W(x) = —x2 - 12sec x tan x
7 s —:—l-—lZSecxtallx
f/( ) (C2 + xz)(—Zx) - (CZ d xz)(Zx) x2
x) = > :
(c2 + x?) o - 3(1-sinx) 3-3sinx
_ dxc? e 2 cosx 2 cos x
T2, o ", (-3cosx)(2cosx) - (3 - 3sinx)(-2sinx
GaT
(2 cos x)2
39, f(t) = ¢?sin¢ ) _ =6 cos® x + 6 sinx — 6 sin® x
f(t) = P cost + 2sint = #(tcost + 2sin ¢) 4 cos® x

= -;—(4 + tan x sec x — tan? x)

/() = (6 + t)cos @ _
1) = (6 + 1)(-sin 8) + (cos 6)(1) = %sec x(tan x — sec x)

=cosd - (6 + 1)sin @
sec x

48. y = -
f(t) - cos ¢ x
t , _ Xsec xtan x — sec x
i . —Isint—cost  tsint+ cost ' 7 x?
f(t) - 2 - - 2
t t sec x(x tan x — 1)
sin x .
- in x
f(x) I .
X v . 49. y = -cscx — sinx
3 : 2 . ,
7@ = x° cOs x ~ smx(3x ) _ Xcosx - 3sinx y' = cscxcotx — cosx
= 2 = 7] ‘
(xs) ¥ EBX _ cos
= —cosx
sin’® x
S(x) = —x + tanx = cos x(csc2 x - 1)
TN 2, a2 :
S(x) = =1+ sec? x = tan® x = cos x cot? x
=X +cotx . 50. y = xsinx + cosx
- ol y 2 . .
¥ =1 -csc” x = —cot” x Yy = xcosx + sinx — sinx = xcos x
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51.

s2.

53.

54.

55.

59.

60.

61.

62.

Chapter 2 Differentiation

(%) = x* tan x

S(x) = 5% sec? x + 2x tan x = x(x sec? x + 2 tan x)

f(x) = sin x cos x

J'(x) = sin x(~sin x) + cos x(cos x) = cos 2x

2x sin x + x? cosx

2xcosx + 2sin x + x?(~sin X) + 2x cos x

<
i

= 4xcos x + (2 - x’-) sin x

h6) = 50 sec 6 + 6 tan 0
H(0) = S@sec @ tan @ + Ssec & + O sec? 6 + tan O

g(x) = (;{:;

](zx P

g’(&) = (;cx—%](z) +(2x - 5)[()‘ 2 - (x + I)(I)J

(x-{~2)2
- 2x% + 8x -1
(x+2)2

(Form of answer may vary.)

1+ cscx
1—-cscx

_ {1 - cse x)(~esc x cot x) - (1 + cse x)(esc x cot x) _

56. f(x) = (%{%J(xz +x+1)

, S+ 2x3 4252 22
S(x) =222
(x2+1)

(Form of answer may vary.)

< o
57. G) =
g() 1-siné@
1-sin@ + Gcos@
,6 -
£() (l—sinﬁ)2

(Form of answer may vary.)

sin @

58. ) = ——~

f() 1~ cos@
f’(9)= 1 _ cosé—1

c0sf =1 (1 - cos g)’

(Form of answer may vary.)

-2 ¢sc x cot x

(] — CSC x)2
(7Y —2(2)(\/5)
y(—-) = -~——._.(1 2)2 = —4\/§

f(x) = tan x cotx = [
J(x) =0
r@=o

h([) - se::t

, t(sec ¢ tan ¢) — (sece)(l)  sec ttant - 1)
K(t) = 2 = 2

oy sec z(x tan 7 — | 1
CREL L I

S(x) = sin x(sin x + cos x)
S'(x) = sin x(cos x ~ sin x) + (sin x + cos x)cos x
= sin x cosx - sin? x + sin x cos x + cos? x

= sin 2x + cos 2x

n T
1=]=sin=+cosZ =
8- e

(1 - esc x)’

63. @ f(x)=("+4x-1)x-2), q ~4)
S(x) = (x3 + 4x ~ l)(l) + (x - 2)(3x2 + 4)
=x3+4x—1+3x3—6x2+4x—8
= 4x* - 6x2 + 8x - 9
(1) = -3; Slope at (1,-4)
Tangent line: y + 4 = -3(x - )= y=-3x-1

(b) S
™

]

I ;a'
N\
(0, =%,

-6

(¢) Graphing utility confirms % = =3at (1,-4).
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Section 2.3 Product and Quotient Rules and Higher-Order Derivatives 141
B 2 -
a) f(x) = (x - 2)(x + 4)? (1, 5) 67. (a) f(x) = tan x, [-;i, ]]
Sty = (x - 2)(2x) + (x* + 4)(1
6 = (D) + (< + 4)0) )
=2x —4x+xr + 4 x ”
=3x -4x+ 4 f ’[Z) = 2; Slopeat (Z’ 1)
(1) = —3; Slope at (1, -5
Ay peat ) Tangent line: y-1= Z(x - E)
Tangent line 4
y_(_5)=3(x~1):>y=3x—8 y—1=2x—%
2 i 4x -2y -z +2=0
AV ®) :
(.- T T
(Gl M
/4' i i : - : =
--15 ) '.! o Il,l"
Graphing utility confirms % = 3at (1, -5). - d
(c) Graphing utility confirms % = 2at (%, 1).
=== (59
x+ 4
) = G+a0-x1) 4 68. (a) f(x) = secx, @ 2)
+ 4) 4y
ix ) G+ ) S'(x) = sec x tan x
(~5) = ——=— = 4 Slopeat(=5,5
I'(=5) 5+ 4y ope at (=5, 5) f,(g) - 23 Slope at (% 2)
Tangentline: y — 5 = 4(x + 5) = y = 4x + 25 Tangent line:
o T
=7 r-2m 2]
-g""l;f L 63/3x =3y + 6 - 237 = 0
Tt ®) .
o, \ 1)/
Graphing utility confirms Ex)i = 4at (-5,5). ) AN L/ (.9
™ =
-2
=25 @)
X3 (c) Graphing utility confirms & = 2/3 at [ % 2]
, (x = 3)(1) - (x + 3)(1) 6 dx 3]
f'(x) = p = 7 '
(x - 3) (x - 3) %
_ 69. xX) = —; (2,1
/(4) = T6 = —6; Slopeat (4,7) /&) xt+ 4 @1
2 1 4)(0) - 8(2x -
Tangent line: (=) = (x 2)( ) 5 (2 = — 16x 5
y=T=-6(x-4)= y=-6x+3l (x* +4) (x* +4)
8 -16(2) 1
- r@)= 0 -
TR , P
!i’{k_____ (4 +4) 2
-5 N bt 10 1
! 1= ——(x-2
\: \ g 29
8 1
d y=—-—=x+2
() Graphing utility confirms 2 = —6at (4,7). 2
dx 2y+x-4=0

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.




142  Chapter 2 Differentiation

70, f(x) = -2, (-3, %j

¥ +9

. (x* + 9)(0) - 27(2x) 54y
() = Ry = 2
(x2 + 9) (x2 + 9)
-54(-3) 1
©+9y 2

—%=%(x+3)

7 -

L
=—x+3
Y 2x

0

2y -x-6

7 f()-.x T 16 (_2’_§)

(x? +16)(16)-—16x(2x) 256 — 16x2

S = (# + 16)2 (* +16)°
72 = 2016(4) 25
8

2
25y —12x + 16 = 0

5
, X+ 6)(4) - 4x(2x) 24 - 452
f(x) = ( )2 2 =T 2
(x + 6) (x + 6)
24 - 16 2
’ 2 . =
f( ) 102 25
4 2
A N
5= 5502
T
25y - 2x - 16 = 0
=2 ~1 __ x—2
F(x) = =2x2 + 2x73 = ________2(—x +1)

x3

S'(x) = Owhen x = 1,and =1
Horizontal tangent at (1, 1).

©2014 Cengage Learning, All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

2

™ f(x) - x4l
£6) = (x* + 1)(22x) - Z(xz)(Zx)
(x + 1)
2x

(x* + 1)2
f'(x) = Owhen x = 0.

Horizontal tangent is at (0, 0).

5 f() = 2
( - 1)(2x) - £(1)
J() = "
X =2 x(x-2)
-1 -1

f'(x) = Owhen x = Oor x = 2.

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

76. f(x) = “\2_47
P

(x* = 7)) ~ (x ~ 4)(2)

73 - 2
@)
_ X -7-2x" + 8x
(x2 - 7)2
- X2 —8x+ 7 _ _(x—7)(x_])
(x* - 7)2 (x* - 7)2
f'(x)= Ofor x = 1,7 f(l)—% (7)= i
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k +1 x
'x)zi—l : 78.f(x)=x_1
x-=1)-(x+1 -2 , (x=-1)-x ~1
) (z )= 2 [(x) = ) 7 = 2
(x-1 (x-1) (=1 (=)
y+x=6=y=—x+3Slope Let(x, y) = (x, x/(x - 1)) be a point of tangency on the
: graph of /.
2 __
j:'—-l)z 2
x?1)2=
x-1==x2
x=-L3 f(-)=0, f(3) = 2
_0=——(x+1):>y=—lx—l
2 2
y—2=——(x—3)=>y=—%x+5

4x -5 - 1
(x-Dx+1) (x - 1)2
(4x = S)(x - 1)
4x? —10x + 4 = 0

[}
=
+

@~m%-0=0:x=%2
A3) =100 = 27(3) = 4.0y =

Two tangent lines:

y+1 =—4(x—%] = y=-4x+1
y-2=-lx-2) = y=-x+4

() = (x +2)3 - 3x(1) __6

- S (x +2)° (x +2)°
- :(x+2)5~(5x+4)(1)= 6
£t (x+ 2) (x + 27

_5x+4= 3x +2x+4=
_“”‘@+n G+ (x+2)

fand g differ by a constant.

J(x)+2

_ x{cos x —3)—(sinx - 3x)(I)  xcosx—sinx

80. f'(x) 2 = 2
, x(cos x +2) — (sin x + 2x)(1)  x cos x —sin x
g - e a 20 _xeonx

f(x)+5

I

sinx+2x sinx—3x+5x
g(x) = = .

[fand g differ by a constant.
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144 Chapter 2 Differentiation

8L (a) p'(x) = /(x)g(x) + f(*)g'(x) ' 82. (@) plx) = f(x)e(x) + f(x)g'(x)
PO = 700+ S0 =18)+ 1)1 P = 30 +10) -
® () = £/ E) - (g 0) ® o) - £ (x)f(x)g .
glx)’
: w42 -4(-1) 12 3
oo = 70 A S
83. Area = A(t) = (6t + 5\t = 6:¥2 + 52

A()

o2 4 -Z—t‘}/z 18 cm?/sec
84. V = nr’h = #(t + 2)( \/—) 2(13/2 + 2tl/2)

V() = Yy pnly 322, in’/sec
2\2 442

x2 x + 30
9 oo 40, 30
x (x + 30)
dac
(a) When x = 10: gl ~$38.13 thousand/100 components

dC

(b) When x = 15: it -$10.37 thousand/100 components

(c) When x = 20: fj—g— = —$3.80 thousand/100 components

As the order size increases, the cost per item decreases.

86. P(f) = 500[1 P 2]

50 + ¢
50 + £2)(4) — (4e)(2¢ _ 4 _ 2
P(r) = 00 50 £)(4) - (4)20) = 500 22241 _ 5909 3021
(50 + tz) (50 + 2 (50 + £)
P'(2) ~ 31.55bacteria/h
87. (a) sec x =
oS x
d, fsec 5] _d _ (cos x)(0) - (1)(-sin X) _ _sinx __lsinx
dx dx COS X (cos x) COSXCOSX COSX COSX
(b) cscx = .1
sin x
d, fosc ] = - (sm x)(0) - (t)(cos x) . cos.x o .1 . c?s X ese x oot x
dx dx sin x (sm x) sin x sin x sin x  sin x
(©) cot x = Cf)s ad
sin x
_ .2 2
d feot ] = d cos x| _ sin x(~sin x) — (cos x)(cos x) _ _sin x.+2 cosx | __ 12 s x
dx| sin x (sin x) sin® x sin? x
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Section 2.3 Product and Quotient Rules and Higher-Order Derivatives 145
g f(x) = Sec X
g(x) = csc x, [0, 27)
l(x) = g'(X)
1  sinx
, ——cscxcotx:w——l:cosx cosx——I:irﬁ—{——]:étaﬁx——l::»tanx— 1
secx tan x = csc x cot x 1 cosx cos® x
sin x  sin x
i x
T4 4
(@ h(r) = 1124 + 1332 9L f(x) = x* +2x3 - 3% — x
p(t) = 2.9t + 282 F(3) = 4x° + 6x% = 6x — 1
“(b) =000 400 f(x) =122 +12x - 6
i hif) pits
T - - ha
;.»'-’""P. 92. f(x) = 4x° - 2x° + 5x?
i 1Y 4 2
) 0 \ o f(x) = 20x* - 6x? + 10x
0 ¢ f(x) = 80x* —12x + 10
© A= 112.4¢ + 1332
2.9t + 282 93. f(x) = 4x¥?
/(%) = 622
f — 3
SR et "(x) = 3x7V? = —=
- 76 Jx
°s * 94. f(x) = x* + 3x7
A represents the average health care expenses per S(x) = 2x - 9x*
person (in thousands of dollars). 36
@ A TS 27,834 Sx)=2+36x7" =2+ =
(¢+ 98.53)2 8.41£% + 1635.6t + 79,524
X
A'(t) represents the rate of change of the average 95. f(x) = P
health care expenses per person per year ¢. f’(x) (x - 1)(1) _ x(l) _ -1
2 2
r (x-1 (x-1) .
90. () sind = :
r + h f"(.x) - 2
r+h=rcscé (x"l)3
h=rcch—r=r(csch-1)
(b) H(6) = r(-csc 6 - cot 6) )
T
H(30°) = K| =
60) = (2]

i

—3960(2 : JE) = —7920~/3 mi/rad
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96.

97.

98.

99.

100.

101.

102.

Chapter 2 Differentiation

x? o+ 3x 103.
J6) = ——
() = (x = 4)(2x +3) - (x2 + 3x)(1)
(x - 4
_ 2x% - 5x - 12 ~ x* - 3x B x* ~ 8x ~ 12
- (x—4)2 T X2 - 8x +16
R 104.
) = (x - 4)"(2x - 8) - (x* - 8x - 12)(2x - 8)
(x - 4’
(r = A(x - 4)(2x - 8) - 2x” - 8x - 12)]
- (x - 4)' 105.
(x — 4)(2x - 8) - 2(x* - 8x - 12)
) (x - )
_ 2x% ~16x+32 - 2x7 + 16x + 24
(x -4’
(x -4’
f(x) = xsinx
/(%) = xcos x + sin x 106.
f"(x) = x(-sin x) + cos x + cos x
= —xsinx +2cosx
f(x) = sec x
J'(x) = sec x tan x
J"(x) = sec x(secz x) + tan x(sec x tan x) 107.
= sec x(secz x + tan? x)
f’(x) = x2
f(x) = 2x
f(x) =2-2x"
et o 2
fm(x) = 2_\/;
1 1
79 = 5(2)"_]/ = N 108.

FO(x) = 2x + 1
f(s)(x) =2
f(s)(x) =0

F(x) = 2g(x) + h(x)
I(x) = 2g'(x) + K(x)
f’(2) = 2g'(2) + h’(2)
2(—2) + 4
=0
) = 4~ h(x)
f'(x) = ~H(x)
£12) = —h(2) = ~4
RG]
7(x) W)
, h(x)g'(x) - g(x)'(x)
) = 2
T
(- M2)g'(2) - e(H(2)
72) o0
_ )2 - B)E)
-1
- -10
() = g()h(»)
I(x) = gk (x) + h(x)g'(x)
1) = 2(2)(2) + K(2)g'(2)

= (3@ + )-2)

=14

The graph of a differentiable function f'such that
f(2) =0,/ < 0for —0 < x < 2,and /" > 0for

w would, in general, look like the graph

2<x<
below.

¥

X

g }
12 3 4

One such function is f(x) = (x - 2)°.

The graph of a differentiable function f'such that
f > 0and f' < O for all real numbers x would, in

general, look like the graph below.

v

© ©2014 Cengage Leaming. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in'whole or in part.




Section 2.3 Product and Quotient Rules and Higher-Order Derivatives 147
¥ It appears that /" is cubic, so
"\, /" would be quadratic and
, h /" would be linear.
+— A ! Lt}
e
. 114.
¥ 1t appears that / is quadratic
} \« )‘//,t so /" would be linear and 1
/ / 7 /" would be constant. / ! »
TN A DN
)
/‘ 15 v(t)=36-1,0<1<6
. a(t) = V(1) = -2t
p A v(3) = 27 misec
A\ .l
21 a(3) = -6 m/sec”
i
N The speed of the object is decreasing,
U
1 100¢
- 116. v(t) = ——
T o) 2t+15
s 2t + 15)(100) — (100¢)(2 1500
) = v( = 21900~ (10092) 1500
y (2t +15) (2t +15)
Vi N
4 (@) a(5) 1300 = = 2.4 fi/sec?
2 [2(5) +15]
L A
— , . (b) a(10) = —JEQ-—T ~ 1.2 fi/sec?
B / 3 [2(10) + 15]
o
(©) a(20) = ——ﬁoﬂ——-{ ~ 0.5 ft/sec
[2(20) + 15]"
117. = —8.25¢2
17. s(r) = -8.25¢% + 66¢ 1(520) 0 | 5 3 p )
~ (1) = S'(t) = 16.50¢ + 66
) = V(O = 1650 s(2) (ft) 0 57.75 | 99 123.75 | 132
wWf) = s'() (fe/sec) | 66 | 495 |33 | 165 |0
a(t) = v(r) (ft/sec?) | -165 | -16.5 | -16.5 | =165 | -16.5

Average velocity on:

[0, 1] is -571'—7f(")—° = 57.75

[1,2] isw = 41.25
[2. 3]s 133'75—‘99 = 24.75
[3, 4]is 321875 _ ¢ o
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148 Chapter 2 Differentiation

118. (a) . s position function
8 v velocity function
AN a acceleration function

(b) The speed of the particle is the absolute value of its velocity. So, the particle’s speed is slowing
down on the intervals (0, 4/3) and (8/3, 4)and it speeds up on the intervals (4/3,8/3) and (4, 6).

9. f(x) = " 120 f(x) = l

O(x) = n(n ~ 1)(n - 2)-- = nl
7969 = (o = o - 2 (2)) o -2 e

Note: n! = n(n -1)---3-2- 1(read “n factorial”) prn el

121 /f(x) = g(x)h(x)
@  S(x) = gx)H(x) + h(x)g'(x)

T"(x) = g(IH'(x) + g (3 (x) + h(x)g"(x) + K(x)g'(x)
= g(x)A"(x) + 2g'(x)H(x) + h(x)g"(x)
77169 = Sa)i(6) + ) + 28I + 26" (W(e) + H"() + W)
= g(x)h"(x) + 3g'(x)h"(x) + 3g"(x)H(x) + g"(x)h(x)
f (4)(x) = g(x)h(4)(x) + g'(x)A"(x) + 3g'(x)H"(x) + 3g"(x)H"(x) + 3g"(x)h"(x) + 3g" (x)H(x)

+ 8" (X (x) + g(x)n(x)
g(x)h(4)(x) + 4g'(x)n"(x) + 6g"(x)"(x) + 4g"(x)H (x) + g(4)(x)h(x)

o U=yl 00y
S o2 - 0O G e O

n(n - 1 - 2) - (2)(1) 2 GV I(x) +
MO O IR CEDe )] Y

n(n - N)(n - 2) - (2)(1) ; .
- l)(n 2 2)(1)](1 “D)k(x) + g ()n(x)

D) 4 —
o 1),g()h (=) 2 - 2)
+ (n _'1)!]!3("")(x)h'(x) + g()h(x)

Note: n! = n(n —1)---3 - 2 - 1 (read “n factorial”)

OIS

()" (x) + 2" (DA z) + -
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*'(x) + f(x)
H'(x) + f(x) + £1(x) = "(x) + 2/(x)
x"(x) + (X)) + 277(x) = 2 (x) + 3f "(x)

fl

(x) = x"sinx 127.
"(x) = x" cosx + nx"! sin x
When n = 1: f/(x) = x cos x + sin x
When n = 2: f'(x) = x* cos x + 2 sin x
When n = 3: f(x) = x* cos x + 3x% sin x 128.
When n = 4: f'(x) = x* cos x + 4x> sin x
For general n, ['(x) = x" cos x + nx""! sin x.
4. f(x) = cosﬂx = x™" cos x 129.
' x
fi(x) = =x"sinx — nx™! cos x
= —x"""(x sin x + n cos x)
X sin x + ncos x 130.
When n = 1: /'(z) = _xsinx : cos x
* 131.
, X sin x + 2cos x
When n = 2: f'(x) = —
, X sin x + 3 cos x
When n = 3: f'(x) = e
, xsin x + 4 cos x 132.
When n = 4: f'(x) = —
. 133.
X sin x + ncos x
For general n, f'(x) = — .
® 7 x"*! 134.
L N 2
TRV TS 135.
” 2.0 3 2 2 1 .
x'y' 4+ 2x°y = x S|+ 2 -—51=2-2=0
x x
y=2x—6x+10
Y =6x*-6
Y =12x
ylll - 12
_ym _ .Xy" _ zyv =12 - x(12x) _ 2(6X2 _ 6) - _24x2

Section 2.3 Product and Quotient Rules and Higher-Order Derivatives

149

y =2sinx+3

¥ = 2cos x

" = -2sin x
Y'+y=-2sinx+ (2sinx+3)=3

y = 3cosx + sinx

Y = -3sinx + cos x

y' = ~3cosx — sinx
Y +y =(-3cosx - sin x) + (3cos x + sin x) = 0
False. If y = f(x)g(x), then

4 : ,
L - ) + ()

True. y is a fourth-degree polynomial.
n
dy:Owhenn>4.
dxn
True

H(c) = f(c)g'(c) + glc)S"(c)

f(e)(0) + g(c)0)

=0
True
True
True. If v(t) = c then a(t) = V(1) = 0.
xz, X 2
f(x)-xl.xl— _ 2’ %<0
2x, x>0
1, - 4 =9
) -2x, x <0 le
" 2, x>0
/ (x) - -2, x<0

/"(0)does not exist because the left and right
0.

derivatives do not agree at x
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