Sheet #355: Review Rules of Differentiation
Test Review for Chapter 3.1 — 3.5 (in Hughes Hallett) from Chapters 2.3, 2.4 and 5.4 in Larson

Questions 2.3

124 (CH 75 Differentiation
N By
y DR

Exercises 1~6, use the Product*Rule to differentiate the

Exerclses 7—1‘1& the Quotient Rule to differentiate the - @J(x)

- () =bo a1
OPTIow kL

SECTION 2.3

91 f) - (1 —;—-—)

2 .f (x) =

3 = (6x + 5>

4. gls) = V54 = )

. g(x) - Gmn 31 h(s) = (:3 - 2)2
2_ —_
x = 3

242 3B f) =G +4)x—-5x+ 1)
. 8. 80) =3—= 36, () = (2 — D2+ e +x+ 1)
2 2
10. h(s) = J_s 3. flx) = x——2 i iz, ¢ is a constant
) s— 1.
5
12. £1) = cos t 38. flx) = ;5:% c is a constant
In Exercises 1318, find £(x) and £ ). In ﬁercises 39-54, find the derivative of the trigonometric
function.
Punction Yalue of ¢ = BN £) = *sin+ 40. f(6) = (0 + 1) cos 0
lJ.f(x)=(x3—3x)(2x2+3x+5) c=0 41 f(r) cos t 42.f()_§19_x
4. f) = (2~ 2x+ Dx3 - 1) c=1 h : x
15)/ () = — 4 I 43.f(x)=~x+tanx 4.y =x+ cotx
. -3
. 45, g0 = ¥t + 8sect 46. h(s)=l—'10cscs
16. = =2
_16. flx) P c 31 = sing) I
—a . 2cosx -y x

18. f(x) = %"- .

Quotient Rule (see Example 6).

(x) = xcosx ‘ §

In Exercises 1924, complete the table w

49. y = —cscx — sinx
51, f(x) = x?tanx
@y = 2xsinx + x?cos x

tiate the function.

it using the . In Exercises 55-58, use a computer algebra system to differen-

30. f(x) = Ix(Vx + 3)

32. h(x) = (x® - 1)

-5
x x+1

34. g() =

50, y =xsinx + cosx
52. f(x) = sinx cos x
54. h(0) = 50sec 0 + ftan

Function Rewrite x+1
s5. 5 = (F-L)ax - 9)

x2+ 2x

Boy="75— —x—
: 24+ x+

a3 56. f(x) = ( popra )(x x+1)

20y = : .
& 57. g(6) = L 58. f(6) = _sind

7 - 89 1-sin6 " 1—cos @

2Ly =—5
3x .

4 - In Exercises 59—62, evaluate the derivative of the function at the
2.y= Se2 indicated point. Use a graphing utility to verify your result.
23, y= 4x3/2 Function Paint

Y x 1+ cscx T

2 _ oo U

24‘y=3x7. 3 S 1 —cscx (6’ 3)
60. f(x) = tanx cot x (1, 1)
In Exercises 25-38, find the derivative of the algebraic function. 61, A() = ¢ (,,, __1_)
‘ 1r
/ _3-2x—x? x3 + 3x+2
d 25. f) = x2 —1 26. f(x) = 1 62. f(x) = sin x{sin x + cos x) (g, ])

Page 1 0of 8



Sheet #355: Review Rules of Differentiation
Answers 2.3

A50 Answers to Odd-Numbered Exercises

99. (a) R(v) = 0.167v - 0.02
() B(v) = 0.00612 — 0.024v + 0.460

() T(v) = 0.006v? + 0.143v + 0440
(@ =
B
R
o } 100
°
(&) T'(v) = 0.012v + 0.143

T'(40) = 0.623
T(80) = 1.103
T/(100) = 1.343
6 Stopbing distance increases at an increasing rate.
101. 8 square meters per meter change in s
103. —$1.91, -$1.93

105. (a) The rate of change of gallons of gasoline sold when. the
price is $1.479

(b) In general; the rate of change when p = 1:479 should be
negative,

107. y=2x> - 3x + 1 109.
1l. a=4%b=~5 113, Proof

Section 2.3 (puge 124)

=-9y=-ix-%

T2+ 4

3,2/3

q—x2
(x2 + 1)

9 1 — 83 11 x€0s8x — 2 sin x

T 333 + 1)? * x3
13, f(x) = ( — 3x)(4x +3) + (¥ + 3x + 5)(3x% - 3)

=10 + 120> — 32 — 18x — 15
f10) = =15

15. fx) = -xz(—;§~——‘*’;’)*;“

1L.22°-32+x—1) 3

5. x*(3cosx — xsinx)

17 fx) = cosx — xsinx

‘49. csc.x cotx — €oS x = _cos xcoflx

1
) =3 f(”’) Sy
Function Rewrite Dlﬁ'eremuzte Simplify
19.y=xz+'bf y=-l-(x2+?.x)- y’=1(2x+2) y’=-2-m
3 3 3 3
=1 L3 S s
21.y——3x3 y=3x Y=~ y'= e
4x3/2 2
23, y= —— =4 l‘/2, '= zx"-‘l/z ':-—-’
y BT y X ¥ y Jx
x>0 .
x>0 :
2 B-DC2-20-G -2 2
{2 - 172 T+
12 2 +6x—-3
TGy e

.3

VH2) - (2x+ 5}2—\‘7;

2x—5 -
: 22— 2+ 3
? (o3 - e AT
31. 65%(s® - 2) 33.. 20— 3

35. ¥+ 4[(x~5) -1+ (x+ 1)+ 1]
+ [(x = 5)(x + 1)](93:2 + 4)
= 15x% — 48 — 33x2 — 32x — 20

|
(12 ) - P+ ) 2) _ _ 4x? (
(2~ (- )
3. ffrcosr + 2sing) 4L «fii“—’—t—tﬁ‘-’i—' (
43, —1 + sec’x = tan’x 413/4+8sect[ant i
. - : i
47. 6 cos’x + 6sinx 65mx_ ( 1 + tan xsec x —tan’x)
4cos?x

= %secx(tanx— sec x).

51 x{xsec?x '+ 2tan
53. 2xcosx + 2sinx — x2sinx + 2x00s x T
= 4xcosx + {2 — x})sinx Zt eyt

x+1 (x+2)(H)— (x+ 1)(1)]

58, ( )(2) + (2x — 5)[ ¥ 27
- 22+ 8x— 1
(x+ 22
o 1 —sin@+ 6cos @ ,_ —2cscxcotx N

0 (1 — sin )2 59 yr= 1 —cscx)?’ 4/3

wy _ Secittant—1) 1
61. h'(y) ==

63. @ y=-x-2 65. Q) y=—x+4
(b L) ®) 6
-10 /‘ 10
) T[T v
-10 -3

(b) - | |

T -4

69. (0,0), (2,4) 71. f(x) + 2 = g(x)

73.n=1,f()=xcosx + sinx ‘
n="2f(x)=x?*cos x + 2xsinx ' |
n—3,ff(x)—x3co_sx+3x sin x ' ‘

n=4fx) = x*cosx+ 4x3sinx ‘,

fix) =x" cos x + nx"~ sinx
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Sheet #355: Review Rules of Differentiation

o We conclude this section witl

SECTION 2, The Chain Rule 133
2.) 2.4q

a summary of the differentiation rules studied so
far. To become skilled at differentiation, you should memorize each rule.

2. Sum or Differgnce Rule:

LRy

STRNEIRE As an aid to memorization, note that the cofunctions (cosine, cotan-
gent, and cosecant) require a negative sign as part of their derivatives.

2.9

ereises 1-6, complete the table using Example 2 as an;odel; —) @ y=Y%T+4 16. gl) = a2 —2x ¥ 1
k> = /() u=gl)  y=fl L my=2¥a-2 18 f(9) = =342~ 0x
f, ,_‘ = (6x - 5)‘ “ 19. y = e 1 2 20. s(l) = m
2R -1 : . ‘
T == Ly e
-1 mm | 1 l
] R — B T
5 = ¢s¢3x: -] C 25. f(x) = x*(x — 2)* 26. f(x) = x(3x — 9)?
oy = cos = N e 27,y = xJ/1 - x? 28. y = 3x2/16 — 22
| y'= T By =
xercises 7-34, find the derivative of the function. T+ 4
x+ 52 2 \2
R - (2x - 7 8. y=(23+ 1) 31 glx) = (::ZL”) 32, h(r) = (t3t+ 2)
L g(x) = 3(4 — 9x)* 10. y = 3(4 — x?)° » 1 =2y 3x2 — 2\3
() = (9 - %2 12. f(1) = (9r + 23 S ( 1+ v) 34. glx) = <2x + 3)
O = JT=1 4. g(0) = /5= 3%
BN
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Sheet #355: Review Rules of Differentiation

5 kil square centimeters second
"ok q per

1. (a) ~$38.13 (b) —$1037 (c) —$3.80
The costs decrease with increasing order size.
9. 31.55 bacteria perhour 81 Preof. 83

2
T -1
13. Answers will vary. For example: (x — 2)?

87. —3sinx 89. 2x 91.

01. v(3) = 27 meters per second
a(3) = —6 meters per second per second

The speed of the object is decreasing, but the rate of that

decrease is increasing.
03. (a) 2.4 fusec®? (b) 1.2 fsec?
105. (a) f(x) = g(h"(x) + 28 (X)h"(x) + g"(x)h(x)
fr(x) = gh™(x) + 3g"(*(x) +

3g"(0)h"(x) + g"(x)h(x)
FOR) = ghDx) +4g/h"(x) + 68" W)h"(x) +
48" (0h'(x) + g (x)h(x)

) F90) = ) + T WA ) +

n!
2in — 2)!
T ) + g
107. (a) P,(x) = ——‘?—(;c -~ %’) + %
, 1 2 /3 w\ 1
P = (== 5) - F-3) 3

SR

(c) 0.5 fi/sec?

g7 D) + -+ -+

109.
113.

Answers to Odd-Numbéred Exercises

T——
2.4 o
® 'P\Z'P i
Sl
2 \
_2> X
(c) P,

(d) P, and P, become less accurate as you move farther from

x=a.
False: dy/dx = f(x)g (x) + g(x)f'(x) 111, True
True 115, f(x) = 2|x|; f(0) does not exist.

Section 24 (page 133)

7.

11

13.

15.

17.

19,

25,
217.

29.

31.

3s.

.y =(6x - 5*
Ly = Va2 -1
.y =csc3x

y = flgx)) y = )
y=ut
y=Ju
u=cscx y=u?
9. —108(4 — 9x)?
4x
R
1
2J1—1
6x

%‘4 — )= 20) = —t

21 —2(¢ -~ 3)73(1) = —

u = gx)
u=6x—235

u=x—1

6(2x — 7)?
20— @yin(-20) =

21— (-1 = -

%(9; + 4)23(18x) =

-
(e —3p

[P —

(x -2y
1

" T2k + 2)2

40— 2%(1)] + (& — 2)42x) = 2x(x — 2°Gx - 2)

’(%)(1 - R)(=20) + (1~ 2)2(1) = 1»1_ —Ziz

(2 + Y1) - x(1/2)(x + 1)7VY2(2x) 1

R+1 T2+ 1)
—2x + 5){x? +-10x — 2) -9(2v — 1)?
o +2p (v + 1)

y
-1 - .

2J/x(x2 + 1)?

33.

)

The zero of y’ corresponds to the point on the graph

37.

function where the tangent line is horizontal.

312 + 3t — 2)
(2 + 2t — 1)32

4

i 2
\j{ 8
-5 et vt

f 3

-2

of the

The zéros of g (f) ¢correspond to the points on the graph of the

function where the tangent line is horizontal.
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Sheet #355: Review Rules of Differentiation

134 Differentiation \-/

CHAPTER 2

2.9 b

®

~ . In Exercises 35-44, use a computer algebra system to find tpe . In Exercises 67-74, evaluate the derivative of the function at the

derivative of the function. Then use the utility to graph the
function and its derivative on the same set of coordinate axes.
Describe the behavior of the function that corresponds to any
zeros of the graph of the derivative.

Funcripn

67. s()= /12 +2t+8

J ya 68. y =33 + 4x
35.),:;/5:’1 3. y = /le 8. y .3x3
w | 0. 109 = 57
3. 8) = === 38 fl)=Vx(2 -
. Vt ++12t 1 » 70. f(x) = ___(x2 _} T
¥.y= /> 4. y=(2—-9)/¥2 NI
7. f(t) = ———
[ -1
41, s(t)=—2—(—2~—:?———1~+—1- 22, gx)=VIx=-1+/x+1 +1
72 fl) = =
48 y_cosmc+1 44, y=x2tant 2x—3
I : S x 73. y = 37 — sec}(2%)

1
In Exercises 45 and 46, find the slope.of the tangent line to the Ta y=_+ Jeosx
sine function at the origin. Compare this value with the number
of complete cycles in the interval [0, 2#]. What can you conclude . In Exercises 75-78, (a)
about the slope of the sine function sin ax at the origin?

45, (a) v b ¥

24 y=siny

y=sinx results.
; ! ) /\ ) Function
-/ VAV @f(x) = /322
-2 970 16 f0) = /xT¥5

s =sin2x pAeT AL
o A |
78. f(x) = tan?x

(b) ¥ '_‘)

= (9)5() = 267 — 1
- @f(x) = sin x?

In Exercises 37-66, Tind tiye derivative of the fometion.

._7 y = cos 3x 48. y = sinmx -Getting at the Concept
. 49, g(x) = 3tan 4x " 50. h(x) = secx?
'—? 51.) y = sin(mx)? 52. y = cos(l — 2x)*
ﬁ h(x) = sin 2x cos 2x 54. g(6) = sec(%6) ran(l6)
55. f(x) = C.le ¥ 56. g(v) = cos v website www.mathgraphs.com.
sin x cscv
57, y = 4sec’x ‘ . 58, y=2tan’x
"3 f(o) = 1sin220 60. g(r) = 5cos? mt
61. f() = 3 secX(mt — 1) 62. h(r) = 2 cotX(mt + 2)
63. y=Jx+ % sin{2x)? 64.y= 3x = 5'cos(mx)?
\J y=sin(cosx) 66. y = sin¥x + Ysinx

80. f(x) = —

82, flx) = sec?wrx

In Exercises 83—86, the graphs of a function f and its deriv-
ative f’ are shown. Label the graphs as f or f” and write a
short paragraph stating the criteria used in making the
selection. To print an enlarged copy.of the graph, go to thp

indicated point. Use a graphing utility to verify your result.

Point

2.4
(2.2

()
(3
©,-2)

23)

0, 36)

52

find an equation of the tangent line t
the graph of f at the indicated point, (b) use a graphing utilit,
to graph the function and its tangent line at the point, and ¢¢)
use the derivative feature of a graphing utility to confirm you

Point
(3,5)
(27 2)
(m,0)

)

In Exercises 79-82, find the second derivative of the functiom.

1
~2
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Sheet #355: Review Rules of Differentiation

Answers to Odd-Numbered Exercises

A52
x+ ‘1 :
3. 2x(x +xl) , k\"h .
j\ (,__
2

&

iy :
The zero of s'(f) corresponds -to the point on-the graph. of :the
function where the tangent line is horizontal.

A

‘_

-3

¥

A

7xsin wx + cos wx + 1

x2

43. -

o

The zeros of 'y’ correspond to the points on the graph of the
function where the tangent lines are horizontal. -
(b) 2; The slope of sin ax at the origin is a.

45. (a) 1
47. —3sin3x 49. 12 sec? 4x 51. 272 x cos(mx)?
—_1 — v
53. 2cos(dr) 55, Lo X
sin® x
57. 8 sec? xtanx = 8—3’—;‘35 59, sin.28cos 26 = = sin 46
cos 2
67 sin(mt — 1)
—— 2.
cos}(mt — 1) 25 2f e
+
65. —sin x cos(cos x) 67. s/(t) = t'-"\/———-!-————Z—'Hi%-S’%
/| = _9x2 — 9 /] —— _5.._ —
0. fW=mogp s U=
73. y’ = —6sec?(2x) tan{2x),0 '

77. @) 2x—y—27wr=0
®)

75. @) 9x — Sy —2=0

b) —— :
\ /,

/

-3

79. 12(5x% — 1)(x* —

-5

-2

8T 2fcos x¥ — 2x¥ sin x2)

1y

The zeros of f’ correspond te the pomts where the graph of f has

horizontal tangents.

Q'II L@ |

“The zéros of f’ correspond to the |
points where the graph of f has}
horizontal tangents:

8s.

P

87. The rate of change of g will be.three times as fast as the rate o}
change of f. |

$9. (a) 24  (b) Not possible because g (#(5)) is not known. |
(3  (d) 162

91. (a)..1.461 . (b) — 1016

93. 0.2 radian, 1.45 radians per second 95. 0.04224

97. (3 x = —1.6377 + 193112 - 051 — |-

hel :
(c} ‘Because x, the number of units produced in * hours, is nd

-alinear function, and therefore the cost with respect to-tim
L'wne!

®) % = —294.667 + 2317.2t — 30

t is not linear.
99.-(a) f'{x)= Bcos fx -
f(x) = — B?sin Bx
f"(x) = —B*cos Bx
F®(x) = B*sin Bx -
() f(x) + Bf(x) = —Bsin fx + B2sinfx =0
(©) T(x) = (— 1)} f*sin Bx
f(z""”(x) = (—1)k+! BZk—l cos Bx

105. 3 i

2(2x — 3)

e -3 "7

101. (a) 0 (b) % 103. Proof

~167. -|x|smx+| lcv;)sx x#90

1109: (a) Pilx) = '%r(x -1)+r

Py(x) = —?(x - 12+ —275(x -1 41

© Py allvrehy ]

(d) P, and P, become less a
rate as you move farther

o

113. True ;‘

2

®)

x = 1.

3

111. False.y’' = —%(1 - x)"12

1 - 3%y

I

30 |
WY o1
|

{

2y —x

X

Section 2.5 (page 142)
L -=

: s 2
' y x

g B -3 -2
4xy — 3x2

€08 x
" 45sin 2y
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Sheet #355: Review Rules of Differentiation

/
348 CHAPTER 5

In Exercises 39-58, Tnd the derivative of the function.

S (%)) = e a0. f(x) = €'~
41, y = g~ %2 2. y=e"
-y 43) y = V= 4. y =x%*

45. g() = (e + €)? 46. g(s) = e7¥/7

, ‘e
47. y = In(e) 4s,y=1n(1 ‘)

1 —e*
e+
49. y = In(l + %) 50. y = ln———-z—‘—
2 eX — e *
@y_e‘+e"’-‘ S 2

53. y = x%* — 2xe* + 2¢*
§5. f(x) = e *Inx
57. y = e*(sinx + cos x)

4.y =xef —
56. f(x) = e’Inx
58. y=T1ne"

In Exercises 59 and 60, use implicit differentiation to find dy/dx.

59, xe¥ — 10x +.3y =0
60. e¥ + x2 — y2 =10

In Exercises 61 and 62, find the second derivative of the
function.

> @) =G+ 20e>

62. g(x) = Vx+ e“lnx

In Exercises 63 and 64, show that the function y = f(x) is a
solution of the differential equation..
63. y = e*(cos ~/2x + sin +/2x)
y'—2y'+3y=0
64. y = ¢*(3 cos 2x — 4 sin 2x)
Yy —=2y'+5y=0

. In Exercises 65-72, find the extrema and the points of inflection
(if any exist) of the function. Use a graphing utility to graph the
function and confirm your results.

65. f(x) = ete
2
66. f(x) = g
2
67. glx) = . e~ =222

68. g(x) = J12_77é~(x—3V/2

69. f(x) = x2e™*

70. f(x) = ke~

L og(®) =1+ 24+ De’
72. fx) = -2 + ¥(4 — )

" 73. Area Find the area of the largest rectanglé that can-be inscribed
under the curve y = ¢ " in the first and second quadrants..

Logarithmic, Exponential, and Other Transcendental Functions

2 @ \\

- 74. Area Perform the following steps to find the maximum
of the rectangle shown in the figure. 3
(a) Solve for c in the equation f(c) = f(c + x). ]

(b) Use the result in part (a) to write the area A as a functiong

x. [Hint: A = xf(c)]

{c} Use a graphing ufility to graph the -area function. Use

graph to approximate the dimensions of the rectang]

maximum area. Determine the maximum area.

(d) Use a graphing utility to graph the expression for ¢ f
in part (a). Use the graph to approximate

lim c.
2—00

"Use diis result to describe the changes in dimensions 1
position of the réctangle for 0 < x < oo.

lim-¢ and

x—0"

() =10xe™

€ 1 c#*x 4 5 6
75. Verify that the function
L . -
Y =TT ae-ilb" a>0,b>0,L>0

increases at a maximum rate when y = L/2.

BB 76. Find the point on the graph of y = e~ where the normal line}
the curve passes through the origin. (Use Newton’s Methodi
the root-finding capabilities of a graphing utility.) ‘

. 77. Find, to three decimal places, the value.of x such that

e =x.

(Use Newton’s Method or the root-finding capabilities of
graphing wility.) - B
M s Depreciation  The value V of an item ¢ years after it§
purchased is
V =15,000e70%¢  .0<r<10.
(a) Use a graphing utility to graph the function.
(b) Find the rate of change of V with respect to + when ¢
-and't="5. ]
(c) Use a graphing utility to graph the tangent line to the funill
tion whent = land r = 5.
B 79. Writing Consider the fanction

S} =

SR

1+ elx’
(a) Use a graphing utility to graph f.

(b) Write a shiort paragraph explaining why the graph has§
horizontal asymptote. at y = 1. and why- the- function hagj
nonremovable discontinuity at x = 0.
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Answers to Odd-Numbered Exercises A81

NG

8. - 8332 85.600 87 (g7 /1)) ="; ! 4
+1 T+
89. (f+9) () ="~
91. Let y =f(x) be one-to-one. Solve for x as a function of y. hy £
Interchange x and y to gety = f~'(x). Let the domain of f~! be N
the range of f. Verify that f(f~'(x)) = x and f~'(f(x)) = x. F 2 46
Example; f(x) = x° 1
y=x ‘ 3. 3
y=¥x T
[0 =¥Ya B 1
93, Answers will vary. Example: y = x* — 2x° -1
95. Many x-values yield the same y-value. lggc fx) = lim g(x) = %3
For example, f(m) = 0 = f(0). 35. 27182805 < e 37. (a3 (b) -3
. . 2n —- V7w . . ev*
The graph is not continuous at x = s where n is an 39, 2% 41 2x — 1)e~2+2 43—
integer. B
97. Proof 99. Proof ) 45. e~ + &) — ™) 47. 2x 49, li"]:zx
101. False. Let f(x) = x2 103. Tnie
—2(e* — e7¥) 1
_Jx 0<xs1 - 51—~ 53, x2e* 55. “(——lnx)
105. No. Let f(x) = [1 —x lxs2 107. V17 @+ e7)? x%e e\~
) Ix 10 — e | —ax
Section 5'4 (page 347) 57. 2e*cosx 59. o 13 61. 3(6x + 5)8
L lmi=0 3, 0631 =9 5 x=4 63. y"—2y'+3y=0
7. x = 2.485 9. x=0 1L x =~ 0511 e"[—cos 2x—sinv/2x — 2/2 sinv/2x + 22 cos\/ix] -
13. x~7389 15. x~ 10389  17. x = 5.389 2"~ V2 sin/Zx + /2 cos/2x + cos</Bx + sin/2x] +
19. v 2L . » 3e*[cosv/2x + sinv/2 ] :
=0
0=0

65.

Relative minimum: (0, 1)

U

23. (a) : 7 T (b) g/f " ’ 0(0‘ 1) 3
-2 'é< 4

-5 ] 7 \ e

B

Relative maximum: (2, L)

27
ot S b q ( e—o.s) ( £—05
Translation 2 anils Reflection in the x-axis . Points of inflection: { 1, —==}, {3, —F=
to the right ) and a vertical shrink ' 2/ L
(© 7 i
\ 5 o b v,z—x)
q ¢—0.5 / ¢—0.5
(‘ ﬁ) (’ 7—27) .
) - /
-1 ]
o 4
Reflection in the y-axis and °
a translation 3 units upward . o
25.c 2.d 27.a 28.b \ - s
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