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52. y() = —4.92 + 20
dy

i =58t
¥(1) = —49 + 20 = 15.1
y(1)=-98
ol 20 _
By similar triangles, s
20x — 240 = xy.

Wheny = 15.1, 20x — 240 = x(15.1)
(20 — 15.1)x = 240

_ 20
=5 A
20x — 240 = xy
de dyi, dx
T
ﬁ: =3 é:!
d 20— yd:
Sy dE. A0/49 Lo
A“_l'dr_20-15.l( 9.8) 97.96 m/sec.
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1 fx)=x2—2x+3

ﬂmw%m+gam
= i [t 807 — 2(x + Ax) + 3] — [ — 2x + 3]
= a0 Ax
= i @ 2x(8%) + (A — 26 — 2(A) +3) - (2 — 2 + 3)
e Ax
=£T02x(ax)+(ﬁ)z_z{m)zﬂru(h+m_2):2x_2
x+1
2-f(x)=x_1
At ] x|
f’(x)=££nmf___{x+ﬁ:i'f(x)=£%x+ax—‘&i =
= im (x+Ax+ Dx—=1)— (x+ Ax — 1)(x + 1)
Ax—0 Ax(x + Ax — 1)(x — 1)

e P+xAx+x—x—Ax—1)-(P+xAx—x+x+ Ax — 1)

(0, 0)

Ax—0 Ax(x + Ax— 1)(x — 1)
—2Ax =2

=2
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ik

3. (a) (b) y
T f
—§ : % ;\/ : !
1T §id
S > 0 where the slopes of tangent lines to the graph of f are positive.
4. f(x) = x/4 — x
ORI ® 76 = +{3)6 = 9721 + (4 -
1
5 A . = 5(4 — )V —x +2(4 — x)]
—2 ) ‘ _ 8—3x
. 2V4 —x
=0
o). % When x = 0, f10) = 2.
== line: =
N ] e
Xt — flx ! -
5 58384 0 14142 (d) T represents the slope of the line through
1 1o 0 1732 (x,f(x)) and (x + Ax, f(x + Ax)). As Ax— 0, this
: ; quantity approaches f“(x). That is, the numbers in the last
0.5 0.9354 0 1.8708 column approach f(0) = 2.
0.1 0.1975 0 1.9748
S. fis differentiable for all x # 1. 6. fis differentiable for all x # —3.
7. f() =2 — 32 8. f(x) = M2 — x112 9. f(x) = 2x — x°2
() =32 —6x=3xx~-2) -
AL . G ) f'(x) = %x“ll'z “+ %x_:*/z - xz:a_)‘l'l f'(x) =2+ 2x3= 2(1 + x%) i
_2A2+1) f |
R 5 v
L | N2 o
10. f(x) = = 11. g() = 3 12.. h(x) = o* ‘
ayy — &= D) = (x + 1)(1) R e O R o
A= (r — 172 sW=7"=5 e e
T
T x-1)2
B. fx) =01 -2 14. f(x) = (@ — 1)V3
flx) = %(I — 3)~1/2(=322) fx) = %(xz — 1)-2/3(2x)
3x? / 2x

2/1-2 : : T3 -1
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15. f(x) = (322 + 7)(x* — 2x + 3)
f) = (32 + 7)(2x — 2) + (& — 2x + 3)(6x)
= 2(6x> — 922 + 16x — 7)

17, f(x) = (xz + %)’

o+

19, 19 = E4E—1
_@-DEx+1) =02+ x - 1)(2%)
f,(x} = (12 = 1)1
Bl )
=R

21. f(x) = (4 — 32!

et

fi) =~ =3 Nt = s

23. y=3cos(3x+ 1)
y'= —9sin(3x + 1)

Z5. y=%csc2x

~

y’= —3csc3xcot 3x — 3 csc? 3x

= %(— csc 2x cot 2x)(2)

= —csc 2x cot 2x

_ 1 +sinx

il 1 — sinx

, _ (1 —sinx)cosx — (1 + sinx)(—cos x)
(1 — sinx)?

= 2cosx
(1 — sinx)?

26. y = csc3x + cot 3x

= —3 csc 3x(cot 3x + csc 3x)

16. f(s) = (> — 1) + 5)
£1s) = (2 = 123s2) + (2 + 5)(3)(s — 1)72(2s)
= s(s2 — 1)*73s(s2 — 1) + 5(s*> + 5)]
= s(s? — 1)/%(8s> — 35 + 25)

) 2]
18. h(6) 0=
oy L =03 = 01300 (= 1)]
g T
_ (=01 —0+30 20+1
® (10 (=0
20. f(x) =%
(o — B+ 1)(6) — (6x — 5)(2x)
)= o2+ 1P
_ 23 + 5x — 32
R

22. f(x) =9(32% — 2x)~!

18(1 — 3x)

f’(x) = —9(31‘2 = 2!)_2(6.! = 2) = m

24. y=1—cos2x + 2cos?x
y' = 2sin2x — 4cos xsinx
= 2[2 sin x cos x] — 4 sin x cos x

=0

= -;—(l — cos 2x) = sin?x

2
29. y= 3 sin®/2x — %sin""zx

y’ = sin!/2 x cos x — sin%/2 x cos x
= (cos x)~/sin x(1 — sinx)
= (cos? x)/sin x
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sec’x sec’x
s

’

y’ = sec® x(sec x tan x) — sec* x(sec x tan x)
= sec® x tan x(sec? x — 1)

= sec’ x tan’ x

32, y=xcosx— sinx

y'= —xsinx + cosx — cosx = —xsinx
~—cos(x—"1)
34, y= e
,  —(x— 1)sin(x — 1) — cos(x — 1)(1)
5 A= — )2
(x—1)

= —»(—x_l—l)z[(x — 1) sin(x — 1) + cos(x — 1)]

36. f(x) = (& + 2x — 8)?
SAx) = 4(x® + 3x — 6x — 8)
=4(x — 2)(x + 1)(x + 4)

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

37. g(x) = 2x(x + 1)71/2

Xk 2
g’(x) = (I T ]]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

¢\

-2 7

-2

31. y= —xtanx

y' = —xsec’x — tanx
sin x
FA st e
YTTR

P (x?) cos x — (sin x)(2x) _ xcosx — 2sinx

x* x

35. f()) = (¢ — 1)°
£l =ts— 1T1—2)

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

0.1

L 0

f

i
i
oo

_,/\/

38, glx) = x(x2 + 1)/2

. 22+ 1
-

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

N

-8 (]

8

-3
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39, f()=(e+ D"V + 1)V/3 = (r + 1)¥6

5
)= G

S’ does not equal zero for any x in the domain. The graph
of fhas no horizontal tangent lines.

[ —e |
-2 <

=3

41. y =tan/1 —x
p_ sVl - x
4 Rfilo—1

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

5

|

() =1- 16x?

_20 h |,
Y ﬂ
=
43. f(x) = cosT—za' 44. f(x) = x + 82
flx) = —gsin%
(.2_) . P
f 3 2 2 4
46. y=x"'+tanx 47. f(x) = cotx
y'=—x2+sec’x f(x) = —csc?x

y” = 2x73 + 2 sec x(sec x tan x)

2 S f
=— 4 2sec?xtanx
X

t
49. f'(r)=(—1_—!)2
ARy &x il
f(r)_(l_!)g
20+ 2)

f= 0=

f”= —2cscx(—cscx - cotx)

40. y = 3x(x + 2
3+ 2(x+2)

2/3x

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

7

42. y=2csc®Jx

3 3
f = ——csc? Jxcot /x
% Jx

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

=

45, y = 2x* + sin2x
y' = 4x + 2 cos 2x
y”"=4 — 4sin 2x

fR=1-==1-2=-1

= 2csc? xcotx

48. y = sin’x
y"= 2sinxcosx = sin 2x
y”=2r;,os?.x_
ox—5
50. g(x)—xz_*_l
s =3xS e 3)
s 2(68 — 152 — 18x + 5)
870x) = @+ 1P



148  Chapter 2 Differentiation

51. g(x) = xtanx
g'(x) = xsec’x + tanx

g7x) = 2sec’x(xtanx + 1)

53. 243y +y=10
2x + 30"+ 3y + 3y’ =0
30 +yy" = —(2x + 3y)

52. h(x) =xJx2—1
22— 1
x2—1

xR =3
hx) = EE: i 1)3/2

h'(x) =

5. 2+9—4x+3y=0
2+ 18y’ — 4 + 3y’ =0
36y + 1)y’ =4 — 2x

,_ (2 +3) ylm =
3k + ) 3(6y + 1)
55: yJ;—x y=16
y(%x"”’) + xM2y’ — x(%y"’ﬁy’) —yi2=9
\/;_L):: 259
( 2557 y 2%
2y —x, 2/m—y
5y 2/x
yo2mmy 2k nli-yls
2/x 2\/x_y—x Zx\/)-i—x\/.;
56. v=xX—xy+xy—» 57, xsiny = ycosx
0=x—-—xy+xy—2)° (xcos y)y” + siny = —ysinx + y’cos x
0=322—x%'— 2xy + xy’ +y— dyy’ yfxcosy — cosx) = —ysinx — siny

(2—x+4y)y' =32—2p+y
S Dty
35 x*—x+ 4y
58, cos(x +y) =x
—(1 +y)sin(x +y) =1
—y’sin(x + y) = 1 + sin(x + y)

it A= inle H 9)

A= sin(x + y)
= —cscfx + 1) — 1
60. y = (x — 2)2 ' i
y' =2(x—2)
At(2,0): y/ =0 o N
Tangent line: y = 0

Normal line: x = 2

,_ Yysinx +siny

CoOsx —xcosy

59. y=(x+3)
¥y = 3(x + 3) i A
At(=2,1): y’' =3 [/
Tangent line:y — 1 = 3(x + 2) =
Ix—y+7=0

Normal line: y — 1 = —%{x+2)
x+3y—1=0
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At (2, 4); Y= -—%

Tangent line; y — 4 = —%(x = 2)

x+2y—10=0
Normal line: y—4=2x-72)
2x—y=0
63. y=(x—2)3 4
y’z_(x_z) ]f3:___.____ - e 8
3 3¥x—2 // \
At(3,1): y’' = % e

2
Tangent line: y — 1 = g(x =3)
2x—3y—3=0
; 3
Normal line: y — 1 = -E(x —3)

3x+2y—11=90

65. f(x)=-;*x3+x"—x~l

) =22 + 2x — |

62 wt=yi-ys ”
2= 2yy'= 0 O
x =10 3 10
y _-)' /
5 : “10
At (5, 3); y’=§

. Tangent line: y — 3 =§(x-—5)
Sx=3y—-16=0
: 3
Normal line: y — 3 = —E(x =)

3x+5y—-30=0

64. y=I__—___x_2'
s = 201 = x?) — 2x¢(—2x) _ 262 +1)
R e
At (0,0): y'=2
Tangent line: y = 2x 4

Normal line: y = .—%x

@ P+ 2xr—1=—1 ) P+2x—1=2 ©x+2x—-1=0
x(x+2)=0 (x+3)x-1)=0 (x+1)2=2
x=—1+ /2

©, - 1), (-2, %)

(=3,2), (1, -

(-—1 + V2, E(I_BM)
_(—1 _ gl +32:{2!)
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66. f(x) =x*+1
fo) =2
(@) 2x= —1 (®) 2x=0 (€) 2x=1
x=-} =0 i
(-4 L )

2 Ax 42 ifx< =2
67. f(x) =4 — |x — 2| 68.f(x)=[l_4xx_x2‘ ;f;;—z

(a) Continuous at x = 2.
(b) Not differentiable at x = 2 because of the sharp turn

(a) Nonremovable discontinuity at x = —2.

(b) Not differentiable at x = — 2 because the function is

i h.
in the grap discontinuous there.

y

e

69.  y=2sinx+3cosx 70. y=w
y’=2cosx — 3sinx i s =10
y :-—Zsmx—3cosx. Sty — a0
” A .
Yy +y (2sinx + 3 cosx) + (2sinx + 3 cos x) : R
=4 xy’+y=(sinx—y) +y=sinx
71. T = 700( + 4t + 10)~!
o 14000 + 2)
@+ 4t + 10
(a) Whent =1, (b) When ¢ = 3,
. —1400(1 + 2) . —1400(3 + 2)
1At ) 18.667 deg/hr. GE el e SRR :
T'=T+4+10p 867 deg/be T T e
(c) Whent =5, (d) Whent = 10,
—1400(5 + 2 . -
(5+2) _ 3240 degfhr. e 2000032 | 694y deo i

T"=15+30 + 102

72. v=J2gh= 2032k =8k

dv 4

dh~ Jh
dv 4
(a) When h = 9.-3;; = 3ft/sec.

dv

T 2 ft/sec.

(b} When h = 4,

= {100 + 40 + 10)2

73. F=200/T

F/T) = L‘/';

(a) When T = 4, F’(4) = 50 vibrations/sec/Ib.
(b) When T = 9, F/(9) = 33} vibrations/sec/Ib.
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74.

76

1.

78.

3= = 16!‘2 + SO
First ball:

=162+ 100 =0

100 10 :

L= % 2.5 seconds to hit ground
Second ball:

—-16/ +75=10

2= % = —5{ = 2.165 seconds to hit ground

Since the second ball was released one second after the
first ball, the first ball will hit the ground first. The second
ball will hit the ground 3.165 — 2.5 = 0.665 second later.

s(t) = — 1622 + 14,400 = 0

75. Assume that the stone is thrown from an initial height of
5o = 0. Thus, the position equation is s = — 16 + vt.

The maximum value of s occurs when ds/dr = 0 and thus
AEAL,
T =32t +vy=0
—3t= — Vo
¥
32

This means that the maximum height is

=L el VoY ()
5= 16(32) + v, " r7e

If 5 is to attain a value of 49, then

2 — 49

64

vo = 3136

vo = 56 ft/sec

1672 = 14,400
t = 30 sec
Since 600 mph = g mi/sec, in 30 seconds the bomb will move horizontally (é] (30) = 5 miles.
@ (c) Ball reaches maximum height when x = 25.
15+ (d] i, 0.02x%
o y'=1-—0.04x
54 )”(0) =
T T y'(10) = 0.6
20 40 &0
y'(25) =0
Total horizontal distance: 50
y1(30) = —0.2
(b) 0 =x — 0.02x2
y(50) = —
0= x(x - 36) implies x = 50. (e) ¥1(25) =
y=+x
? = 2 units/sec
dy 1 dx . adx ), opdy
di 2 frdt  dt = 2/xg =4V
(a) Whenx = l, éx = 2./2 units/sec.
2 dr
dx ;
(b) Whenx = 1,— s = 4 units/sec.

(c) Whenx = 4, % = 8 units/sec.
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79. y=x .
/
L=x+y t

80.

i, s

It 2 units/sec

2=y +

dL _ . 5 dy
A— =@ + )

dL _ 4 +2ydy 4P +2  (4x+2)Jx
dt 2L dt L L

2

e LI 1)2 1Y /3 di
{a}Whenx—z,L— ()+( )—2anddr

V2

@+ 2)(1/v2) _

L = 4—\'/_§unitsfscc
J3/2 J6a, 2 ,

(b) Whenx = 1,L = J(1)2 + (1) = \/iandi—f' = @+ 20) = 3./2 units/sec.

e _ dL _ (16 +2)(2) _ 18 _ 185
(€) Whenx = 4, L = J(@)? + (2> = 2-/5 and T o units/sec.

2l

i)

( *128
i anl

2hs.

&
Bl

3 32
(a)y—x—vozxzux(] ——-Vuzx)
=0tk =0orz =22
=0ifx=0orx =

Projectile strikes the ground when x = v,2/32.

Projectile reaches its maximum height at x = v(,z)' 64.

(one-half the distance)

64
By t=l=ry
Yo

oo, o 64 Vi)*
Whenx—64.y =1 ve\64 =0
(d) vy = 70 ft/sec
SRR O ) N
Range: x = B 153.125 ft
Yo' _ (100

Maximum height: y = = 38.28 ft

128 128

32 32
= — —--x?‘ o _—— -

> © y==x T x(l vozx) 0

when x = 0 and x = x,2/32. Therefore, the range is

x = v3%/32. When the initial velocity is doubled the range

is
(v v
T B2 g

X

or four times the initial range. From part (a), the maxi-
mum height occurs when x = v,2/64. The maximum

height is
(Bﬁ) =3<ﬁ_2("_t>’)’:1’95_1’£_ﬁ
Nea) “ 64~ y2\64) ~ 64 128 128

If the initial velocity is doubled, the maximum height is

{5 -5 - 45)

or four times the original maximum height.

o et e L B e o



