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1L f(x) = (23 — 4) 2. f@=E@-—2x+1DK-1)
f(x) = 3(6x2) = 2x2 ) =02 —2x+ DGR + (@ - 1)2x - 2)
f0)=0 = 38%x~10 25— 1PGE +x+ 1)
=(x— 1)%(5x2 + 2x + 2)
f()=0

3. fx)=(x* - 3x)(22 + 3x + 9)
fix) = (0 = 3x)(dx + 3) + (2% + 3x + 5)(3x2 — 3)
=10+ 1203 — 3x2 — 18x — 15

F10) =—15
4. f(x)=iti 5. f(x) =xcosx 6. )"(x)=§i|:c—Jr
£ = (= 1)) = (x+ V() (%) = (@)(—sinx) + (cos x)(1) g  Qeos ) — Gin ()
(F=1)" = cosx — xsinx flo = e
2 X=1 %=1 f(l")=£_7_7 ﬂ _ XCOSX — sinx
Ge— 12 4 2 4\ 2 - &
— 2, [\ _ (w/6(/3/2) ~ (1/2)
= TG-1p =g =7 f(s)‘ 73/36
V3 2 _ _ 33718
f{z}-—m—‘ﬂ i
_3(/3r-6
11.2
Function Rewrite rivativ Simplify
% =x2-;2x y=x+2,x#0 y'=1 y' =1
/
S.y—4’7j:2 y=4V%x>0 Y =212 y’=%
9.y= % y =-%x‘3 yh= =qa P —%
4 4: 8
%= 1 6
11y=3x7 3 y=§(312._5) y=—(6x) )=?X
l2.y=l::_:24 y=x-—2,x¢~? y =1 y' =1
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Ix —2
13, () = 32—
i (Bx—3)3)— (3x =2)2)
Hir= (2x — 3)2
. =H
T —8)
3—2% =2
e
g _ 0B =1D(=2-2) = (3 - 2x —3)()
fx) = @)
2t —dx+2  2x—= 1)
= 62— 1) T (2 - 12
2
=(x—+—l—)3,x#i
_x+]
17. f(-l)_ \/;
ff(x) s \/;(l) = (X = 1)[].,‘((2\/;)]
: x
x—1
=T

Alternate solution:

x+1

flx) = = RV R Y

’ =l -If2_1~3,fz
fx) 2-‘ 2Jr

1 1
=2 20

_ =i
T 2532

19. h(s) = (s* — 22 =356 — 4s* + 4
h'(s) = 6s% — 1252 = 65%(s* — 2)

r+1
& hm_ﬂ+2:+2

A = B+ 2+2)(1)—(e+ 12+ 2)
)= (2 + 21+ 2)%

=P =2
(2 + 21+ 2)?

0, f) =53 E2
f,(x):(x?— ]](3x3+(2:(]§z+3x+2)(2x)
X -6 —dx—3
(x> —1)?
2 x=1
i f(x):x‘[i_xﬂ]:f[xﬂ]
v ol 1) = 0c— 1) x—1
f(x}_xd[ (x + 1) ]+[x+l](4xj)
3 2x2 4+ x—2
=2r|: 1) ]

18. flx) = ‘%_r(\/; i 3) = Y312 + 3)
fx) = xl;s(%x—uz) + (2 3}(%{2;3)

5
T + —2/3
X X
6

5 1
T 6xl/6 L 23

Alternate solution:

fe) = ¥x(Vx+3)

= x5/6 4+ 341/3
flx) = 2 i g, o8
6

5
Sentan .

20, h) = (2= 1Y = = 28+ 1
h(x) =43 —dx = dx(x? — 1)

I(Xz—l]=r‘—x
x+3 x+3

) . (X + 3)(3}(2 — I) = {x3’ — x]
) = — L

T (v +3)2

2. f(x) =
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23, f(x) = (B + dx)(x — S)(x + 1)

F&) =92+ 4)(x = 5)x + 1) + 32 + 4x)((x + 1) + 3x® + 4)(x — 5)(1)
= (92 + 4)(x2 — 4x — 5) + 3x* + 3x3 + 4x2 + 4x + 3x% — 152 + 4x2 — 20x
= Ox* — 36x> — 41x2 — 16x — 20 + 6x* — 12x3 + 8x2 — 16x
= 15x% — 48x3 — 33x2 — 32x — 20

4. fx) =0 -2+ D2 +x+1)
FO=@Q-DE+DE+x+ 1)+ @ -2 +x+1) + (- 002+ 1)(2x + 1)

=@ -DE*+2+ 22 +x+ 1)+ (2 - )23 + 22+ 20) + (2 — )23 + 2+ 2 + 1)

=2+ +383 -1+ 2 -2+ S+ B - —x

= 62° + 4 — 32 — |

25.f(x)=ﬁi§ zﬁ'ﬂx}__'zzzxz
s . _ —4xe?
—{12_52)2 _(62_4_12)2

27. f(1) = sint

f(t) = cost + 2tsint

28. f(8) = (60 + 1)cos @

f(6) = (6 + 1)(—sin 6) + (cos 6)(1)

= t(tcost + 2sin¢) =cos@—(0+ 1)sin 6
29. f(r) = <L 30. () = =2
qpy _ —Lsint—cost  rsint+ cost sy _ XCOSX — sinx
f(!) - tz . 12 f(x) =3 .r2
31. f(x) = —x +tanx 32. y=x+cotx 33. g(t) = Vt + 4sect
(x) = —1 + sec2x = tan? ’=1 - esc?x = —cot? '
fx) sec’x = tan®x ¥ csc cot’x )= %r”z e
1
=2—\/;+4secrtanr
34. h(s) = } ~ 10csc s 35. y=Sxcscx 36, y=2X
¥ = —5xcscxcotx + Scscx

1
h'(s) = == + 10cscscot s
§ .

= 5cscx(—xcotx + 1)

= 5cscx(l — xcotx)

,_ XSecxtanx — sec x

a 22

_ secx(xtanx — 1)
2
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37. y=—cscx—sinx

cscxcotx — cosx

cos x(csc? x — 1)
cos x cot? x

39, y = x?sinx + 2xcosx

Zeosx + 2xsinx — 2xsinx + 2 cosx

x2

cosx + 2cosx

41. f(x) = x*tan x

38. y=xsinx + cosx

y'=xcosx + sinx — sinx = xcos x

40. f(x) = sinxcos x

f(x)

sin x(—sin x) + cos x(cos x)

cos 2x

42. h(6) = Ssech + tan @

f(x) = x*sec’x + 2xtanx h'(6) = 5sec Btan 8 + sec? 8
= x{xsec?x + 2tanx) = sec (5 tan § + sec 6)
x+1 o 3) 3
. gl = - i =———| +x+
8. g =(S)e-9) w10 = (S22 o+ 2+ 1)
’ 2x2 4B | y A2+ =2
g'lx) = W (form of answer may vary) ) =2 @+ 1) (form of answer may vary)
___ ¢ __sing
8 07 T & D~ T
(6) = ] = s'{n 0+ Bcos (form of answer may vary) 71(0) = 1 _ _cos 0—1
(sin@ — 1)2 cos#—1 (1 — cos 6)?
(form of answer may vary)
+
47. o= 1+ cscx
1 —cscx
, (1 = escx)(—cscxcotx) = (I + cscx)(cse x cot x) _ —2cscxcotx
= (1 — escx)? (1 — cscx)?

—22)(v3) _
B A

19-

48. f(x) = tanx cotx = 1

flx)=0
f)=0 B
9. h(t) = &f’
. Hsecttan 1) — (sec£)(1)

h (f) = P2
_sect{rtant — 1)
e B

W sec mr{mtan 7 — 1) et

Tt T

50. f(x) = sin x(sinx + cos x)

)

sin x(cos x — sin x) + (sinx + cos x)cos x

sin x cos x — sin x + sin x cos x + cos? x

sin 2x + cos 2x

A{ T oL L
f(4) sm2+c052 1



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

101

51 (@) () = 2. (2.2)
o _fe= DAY - X1 =1
=% "1F ~G=IF

& i) "l —
f(z)"(z_ 1)2_

—1 = slopeat (2, 2).

Tangentline: y — 2= —-1(x - 2)=y=—x + 4

52. (a) f(x) = (x— 1)(x* —2), (0,2)
A==+ (2=-2)(1)=32-2x—2
f(0) = —2 = slopeat (0, 2).

Tangentline: y — 2= —2x=y=—2x +2

53. (@) flx)=(*—3x+ 1)(x+2), (1,-3)
) = (3 —3x+ 1)(1) + (x + 2)(3x*> — 3)
=4 + 6> —6x— 5
f(1) = —1 = slopeat (1, —3).

Tangentline: y +3=—-1{x—1)=y=—-x—-2

S_x=1 (1
s4. @ /0 =21, (23)

G- G-DO) _ 2
(x+1)p (x + 1)?

)

2= % = slope at (2, %)

ey — L= 2 =21
Tangent line: y — 3 g(x 2)=>y 555
55. () f(x) = tanx, (% 1)

fx) = sec?x

'E = = E

f(4) 2 slopcat(4.[).

Tangent line:

™
¥ ]—-2(.:. 4)

™
yl—?_x2

dy—2y—mw+2=0

(b)

(b)

(b)

(b)

(b)

T

-3 ==

-3.14

.

314
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56. (a) f(x) = secux, (g, 2)

f'(x) = sec xtan x
f’(-;:) =2./3 = slope at (%, 2).
Tangent line:
y— 2= 2\/5(.7( = g)

6J§x—3y+6—2~/§'rr=0

57. f(x) = ;‘Tl

ity — &= 1)2x) — (1)
f{x) = (x == 1)2

=% xx=2)
- 1 G

f(x) =0whenx = Qorx = 2.

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

59. f(x) = 2g(x) + h(x)
f&) = 2¢°(x) + h'(x)
f2) =2¢'(2) + h'(2)

=2(-2)+4
=0

61. 1(x) = %

h(x)g(x) — glx)h'(x)

SO ="
v h(2)g’(2) — g(2)h(2)
@)= Q)P
(=12 - (3)9)
e
=-10

63. f(x) = x"sinx
f(x) = x"cosx + nx""'sinx
= x"!(xcosx + nsinx)
Whenn = 1: f(x) = xcos x + sinx.
When n = 2: f(x) = x(x cos x + 2 sin x).
When n = 3: f(x) = x*(xcos x + 3 sinx).

When n = 4: f(x) = x¥*(xcos x + 4 sinx).

For general n, f/(x) = x"~! (x cos x + nsinx).

(b) 8

=314 314

x2

S W=z

g o B2 - 02)(2%)
f) = G2+ 1?2 TN

f(x) = 0whenx = 0.

Horizontal tangent is at (0, 0).

60. f(x) =4 — hix)
f) = —h'lx)
f(2)=-n'2) = -4

62. f(x) = g(x)h(x)
J00) = gh'(x) + hix)g'(x)
F2) = g(2)h"(2) + h(2)g"(2)
=(3)@) + (-1)(-2)
=14
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_cosx . 1 200 x
64. f(x) = o =X "cosx 65. C= 100(—12 +x+30)' 1 €x
fx) = —x""sinx — nx™"" cos x dc ( 400 30 )
== E00 s e
= —x " xsinx + ncosx) dx x - (x+30)
- dCc
_ xsinx + ncosx (a) Whenx = 10: — = —§38.13.
ot b R dx
il
inx + (b) When x = 15: 2€ = _§1037
Whenn = 1: f(x) = _M‘ Yl =l
dC
_ xsinx + 2cos x (c) When x = 20: e —$3.80.

Whenn = 2: f(x) = 3

xsinx + 3 cosx

Whenn = 3: fix) = — =

xsinx + 4 cos x

Whenn = 4: f'(x) = 3
_xsinx + ncosx

For general n, f(x) = prES

k

66. P—?
dap _ k.
v~ V2

41
67. P(1) = 500[] HioEe rz]

P = soo| S

P’(2) = 31.55 per hour

68. flx) = secx
g(x) = cscx, [0,2m)
f) =g

(50 + #)(4) — (4:)(2:)] _ 500[

Govap] = 2]

1 sinx
sec x tan x COSX COSX
secxtanx = —cscxcotx = —m = — | = -
csc x cot x cos x
sinx sinx
sin® x ”
—-=-"l=w@n'x=-1l=tanx= —1
cos”® x 5
e 3o T
4’ 4

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

50~r3]

(50 + £2)?

-1 =
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69. (2  secx=——

cos x
d _d[ 1 ] _(cosx)(0) = (1)(=sinx) _ sinx 1 sinx _
dx[sec x] = E[cos x] B (cos x)? T COSXCOSX COSX COSX st
(b) cscx = L,
sin x
d _d[ 1] (sinx)(0) = (1)(cosx) _ cosx 1  cosx :
dx[csc x] = dx[sin x] (sin x)? = TSnxsinx sz simnx | Coorcobx
(c) cotx = C?SX
sin x
d _ d[cosx] _ sinx(—sinx) — (cosx)(cosx) _ sin*x + cos?x _ k. 5
dx[COt Al = dx[ sin x] - (sin x)? - sinZx = Tantx . oOF
70. The graph of a differentiable function f such that f > 0 and f* < 0 for all real ¥
numbers x would in general look like the graph at the right.
|

2,231,291 + 110,636:
e 1 R 1000 — 141

(a) Using a symbolic differentiation utility, or the
quotient rule,

e 70,937,037
2(7r — 500)%"
500
f2)=0 i 5
WP
One such function is f(x) = (x — 2)2 \ i L

1]

(b) The graph of T is getting more and more positive.
That means that the tax burden per capita is
increasing at a greater and greater rate.

(c) T(20) = 6172 dollars

73, fx) = 4232 ‘ 74, f(x) = x“_ix—_l =x+2- i
flx) = 62
o 1
FO=1+3
) =312 = i\/— x
W =-%
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X
75. f(x) = ﬁ
o eI — a1} . =]
FRO="%"TF G-y
2
flx) = G=1p
77. f(x) = 3sinx
f(x) = 3 cos x
f1x) = —3sinx
79. fix) =22 80.
fx) = 2x
82. f@(x) = 2x + 1 83.
f{S)(x) =72
f{ﬁ}(x] =0

85. f(x) = g(x)h(x)
@ fx) = g)h’(x) + hx)g(x)

76.

78.

£16) =2 - 2!

) =2 = %

It appears that fis cubic; so f*
would be quadratic and f” would
be linear.

f"(0) = g(h"x) + g'(h'(x) + h(x)g"x) + h'(x)g"(x)
= gh"x) + 28" (x)h"(x) + h(x)g"x)

f7(x) = gh"(x) + g’ (Dh"(x) + 28" ()h"1x) + 2¢")h'(x) + h(x)g"(x) + h'(x)g"(x)
= glx)h"(x) + 3g(x)h"(x) + 3g"(x)h'(x) + g (x)h(x)

f=x+22
e =1-%
1 =22
flx) = secx

f(x) = secxtanx
f"x) = sec x(sec? x) + tan x(sec x tan x)

= sec x(sec? x + tan?x)

81. () =2/

FOR) = @12 =

X

/3

constant.

fOL) = g)hD(x) + g h"(x) + 3g'(Dh"(x) + 3g"x)h"(x) + 3g h"(x) + 3g”()h’(x)

+ g"(x)h'(x) + g (x)h(x)

= g(hD(x) + g (x)h"(x) + 6g"(x)h"(x) + 4g "(X)h(x) + g (x)h(x)

—CONTINUED—

It appears that f is quadratic; so f*
would be linear and f” would be



n(n — D(n = 2) - - - (2)(1)

+

[ = D - 2)--- 2(1)]O

= g(h"(x) + (—'1—),8 =1z +

(n

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

al
2!(n — 2)!

b o g IR + gIHG)

8" ) + gh)

g )R~ D(x) + -

86. (@ f(x)=x" ) flx) =%
fr(x) =nln—1)@n-2)---(2)(1) = n! '
_ =0 = e —2)--- (2)(1)
f(l!)(x) = xn-l-]
—1)"n!
=t xn+l
Note: n! = n(n — 1)--+-3 + 2 - 1 (read “n factorial.”)
87. v(1) =36 — 2, 0<t<6 (‘)—2r+15
at) = — i) (2t + 15)(100) — (1000)(2)
v(3) = 27 m/sec (2t + 15)2
a(3) = —6 m/sec _ _ 1500
o ) (2t + 15)2
The speed of the object is decreasing, but the rate of the
decrease is increasing. _ 1500 5
(a) a(5) = ———[2(5) T ISE 2.4 ft/sec
_ 1500 - 2
® a(10) = Froe ~ 12 ft/sec
1500
(c) a(20) = WI—S]E = (.5 ft/sec?
89. s(r) = —8.25 + 661 Average velocity on:
vit) = —16.50t + 66
© 0,111 220 = 5775,
a(t) = —16.50 =i
- 5T75
i(sec) 0 1 2 3 P (1, 2)is = —7— = 41.25.
s(r) (fr) 0 5775 | 99 123.75 | 132 [2, 3]s 123 BB _ o 75'
v(t) = s(t) (ft/sec) 66 49.5 33 16.5 0 =2 T
a(t) = v'(1) (ft/sec?) —-16.5 | —16.5 —16.5 | —16.5 —16.5 = :
[3,4] s w = 825.
4-3
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90. s= -2 +271+6
(a) v(1) = —-gzr + 27 ft/sec (b —*2571 + 27 = 0 when 1 = 5 seconds.
alf) = & = —5.4ft/sec? s(5) = 73.5 feet
(c) On earth, a = —32 ft/sec’
3 (z) %
91. f(x) = cosx f 3) =83 =3
. W WO
fix) = —sinx f’(g)— sing = =3

B ab W



