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X+ 1
X—1

2. f(x) =

X+Ax+1 x+1

v o T+ AX) = (X)L X+Ax—-1 x-—1
) = Alirpo AX B A|>I<rpo Ax

— lim X+ Ax+1Dx—-1) — x+ Ax—-Dx+ 1)

T Ax-0 M+ Ax — 1)(x — 1)

_ (+xAX+Xx—Xx—Ax—1) — (® + XAX — X+ X+ Ax — 1)
AX-0 AX(X + Ax — D)(x — 1)

im —2Ax _ -2 -2
A0 AX(X + AX — 1)(x — 1)

2
4. f(x) X 6. fisdifferentiable for all x # —3.

A X A= D=1~ (x= 12

lim f(x + Ax) — f(x)
Ax-0 AX

2 2

X+ Ax X
lim —
Ax-0 AX

lim 2X — (2x + 2Ax)
Ax-0  AX(X + AX)x

— lim 2
ax-0 AX(X + AX)X

f(x) =

lim =2 _ 2
Ax-0 (X + AX)x X2

8. f(x) = X+ A+ 2, ifx < -2 10. Using the limit defintion, you obtain h'(x) = E,
' 1—-4x—x3 ifx= -2 8
(& Nonremovable discontinuity at x = —2. Atx = —2,h(-2) = g —4-2) = %7

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

y

1

AN i\ :

X

12. (a) Using the limit definition, f'(x) = ()(7721)2 (b) 4
Y
Atx = 0,f(0) = —2. Thetangent lineis _6ﬂ \ e
y—2=-2(x—-0) —

y=-2x+2
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(o — i 10 = f(2) 16. y
14. f(2)—)|(|£2 2
1 1
—limX +1 3
N xlﬂz X—2
—lim XL
x-2 (X — 2)(x + 1)3
—lim—— =1
Txe2(x+1)3° 9
18 y=-12 20. g(x) = x2 22. f(t) = —8t5
y'=0 g’(x) = 12x1 f(t) = —4ot*
2
24. g(s) = 4s* — 58 26. f(x) = x¥/2 — x~ V2 28. h(x) = g2
g(s) = 168* — 10s 1 1 X+ 1
f(x) = Sx V2 + x32="—= (= —4 s —4
0 =7 2 2x3/2 h'x) =-—35x*=3a
30. gla) =4cosa + 6 32, gla) = 55’% — 2a
g(a) = —4sina
, 5cosa
9'(e) = —3 2
3. s= 162 + g
First ball:
—16t> + 100 =0
100 10 .
t= ./ 64 2.5 seconds to hit ground
Second ball:
—-16t2+ 75=0
t2 = % = ST‘/é ~ 2.165 seconds to hit ground

36.

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) = —16t2 + 14,400 = 0
16t2 = 14,400
t = 30sec

Since 600 mph = ¢ mi/sec, in 30 seconds the bomb will move horizontally (%)(30) = 5 miles.
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38.

&’ v2 2
[ .
‘ %0
1
2o [
@ y=x v02X x<1 V02x>
— 0ifx = Oorx ="
=0ifx=00rx=—.
Projectile strikes the ground when x = v2/32.
Projectile reaches its maximum height at x = v,,2/64.
(one-half the distance)
32 32
(© y:x—ﬁx2:x<l—ﬁx>:0

Nea

1) % -4

0 0

when x = 0 and x = x,2/32. Therefore, the range is
X = V42/32. When the initial velocity is doubled the
rangeis

_ (2w Av?

32 32

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

(vﬁ)fv& 32<L<)2>2,Lt)2 Vo' Vo©
_ ) -

64 V2 64 128 128

If theinitial velocity is doubled, the maximum
height is

64 128 128

or four times the original maximum height.

40. (@) y = 0.14x2 — 4.43x + 584

(©

, 64
(b) y =177

_Y ,ﬂch)_
Whenx—64,y—1 v02<64 =0.

(d) vy = 70ft/sec

V¢ (702
Range: x = 2 3 153.125 ft
. o VE (702
Maximum height: y = 8 128 38.28 ft

50

(b) =20

0 60
0

(d) If x = 65,y ~ 362 feet.

(e) Asthe speed increases, the stopping distance increases at an increasing rate.
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42, gx) = (x® = 3x)(x + 2
g’x) = —-3x(1) + x+ 2(3x% -3
=x3—-3X+3x+6x2—3x—6

=43+ 6x2—6x— 6

46. f(x) =

X+ 1
x—1

rig - S0 = b+ )

=2
S (x—1p
50. f(x) = 9(3x2 — 2x)1

18(1 — 3x)

P = —93¢ = 2072(6x = 2) = 55—

54, y = 2x — X2tan X
y' =2 — x?sec?x — 2xtanx

58. v(t) =36 —-t30<t<6
att) =vi(t)= -2t
v(4) = 36 — 16 = 20m/sec
a(4) = —8m/sec

62. h(t) = 4sint — 5cost
h’(t) = 4cost + 5sint
h”(t) = —4sint + 5cost

66. f(x) = (@ — 113
F(x) = %(x2 —1)-23(2)

> S
30¢ — 173

44. f(t) = t3cost
f/(t) = t3(—sint) + cost(3t?)

= —t3sint + 3t2cost

8109 = 5
(e €+ 1)(6) — (6x — 5)(2X)
P60 = 0e T 12
_2(3+ 5x — 3
(X2 + 1)2
52 y— sin x

X2

_ (¥ cosx — (sinx)(2x) _ xcosx — 2sinx

’

x* x3
1+ sinx
6. Y= 1 "gnx
, (1 —=sinx)cosx — (1 + sinx)(—cosx)
y (1 — sinx)?
_ 2 cos X
(1 — sinx)?

60. f(x) = 12x1/4
f/(x) = 3x~¥/4

” -9 _ -9
(%) = 2 X 7= 4x7/4

_ (10 — cosx)
y= X

Xy + cosx = 10
Xy'+y—sinx=0
Xy’ =s8nx—y
Xy’ +y=(snx—y) +y=sinx

68. f(x) = (xz + %)5

f(x) = 5(x2 + %)4(2x - %)
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72. y=1- X+ 2
70. h(6) = (1_7"0)3 y 00S 2% + 2 Cos X
y’ = 2sin2x — 4 cosxsinx
h’(g) = (107 _(16[3(;)6_ )%~ 1] = 2[2sinxcosx] — 4sin X cosx
=0
:(1— 01 — 0+30): 20+ 1
(1-0° 1-01
7
74. y = csc3x + cot 3x 76. y:secx_sec‘Sx

7 5

y’ = —3csc 3xcot 3x — 3 ¢csc? 3X
y’ = sach x(sec x tan x) — sec* x(sec X tan x)

—3csc 3x(cot 3x + csc 3X)
= sec® xtan x(sec?x — 1)

= sec® x tan®x
10 = 0 y=
3(x2 + 1)M2 — 3X%(X2 + 1)-12(2x) y = -(x-1) Sin(x( —_1)1)—2 cos(x — 1)(1)
¥ = X2+ 1 "
3(x2 + 1) — 3x2 = & } l)2[(x — 1) sin(x — 1) + cos(x — 1)]
ST e R
_ 3
T (x2+ 1)32
82. f(X) =[(x—2(x+ 4] = (X2 + 2x — 8)? 100
f/(x) = 403 + 3x2 — 6x — 8) \K\f//f
=4x—2)(x+ D(x + 4) -7 / J 5

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

84. g(x) = x(x@ + 1)1/2 86. y= /3x(x + 2)3
2+ 1 ,_ 3+ 2X(7x + 2)
9’ = Jei1 2./3x

y’ does not equal zero for any x in the domain.

" does not equal zero for any value of x. The graph of
g b, y orep g The graph has no horizontal tangent lines.

has no horizontal tangent lines.
75

N A

-25
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88. y=2csc®(Vx) 10
y = _ 3 e Jxeot /% y
VX y
-1 8
The zero of y’ corresponds to the .-'/-
point on the graph of y where the 4

tangent line is horizontal.

6x —5
— yv—1 — qn2 =
90. y=x1+tanx 92. y=sin2x 94. 9 =57
P2 P o g
y X~2 + sec? x y’ = 2s8inXcosx = sin 2x 0 - 2—3%2 + 5x + 3)
y” = 2x~3 + 2 sec x(sec x tan x) y” = 2c0s2x 9 (x+ 1)
2 o 2(6x — 152 — 18x + 5)
—%+Zseczxtanx 9"(x) = 02 + 1)3
9. h(x) =x/%—1 98. v= .2gh= /2(32h=8h
2 -1 dav 4
h(X) = —— —_— =
* -1 d Uh
iy — X2 —3) _gdv_4
h(x) = o2 — 122 (@ Whenh =9, ah = 3ft/sec.
(b) Whenh=4,%=2ft/sec.
100 X2+ 9?2 —-4x+3y=0 102. V=33 — Xy + xy — y?
2x + 18yy’ — 4+ 3y'=0 0=x3— Xy +xy— 2y
36y + 1y’ =4 - 2x 0=3C—xy —2xy + xy’ +y— dyy’
y = 4 —2x (C—x+4dy)y =3¢—-—2xy +y
3(6y + 1) B2y +y
y X2 — X+ 4y
104. cos(x +y) = x 1060 X —y>=16 10
—(L+y)sn(x +y) =1 - 2)y'=0 \““h%
—y’snix+y =1+sinXx+y) y = X 10 / \ 10
. 1+sinx+y) y
Y = T hnix ) 5 10
At (5, 3): y’zé

—cse(x+1) —1

Tangent line y — 3 = g(x - 5)
5x — 3y — 16 = 0
. 3
Normal liney — 3 = —g(x - 5)
3x+5y—-—30=0

108. Surfacearea = A = 6x?, x length of edge.
& _
dt
da dx

—_— = —_— = = 2
p 12x pm 12(4.5)(5) = 270 cm?/sec

5
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110. tan 0 = X
a0 _ 3(27) rad/min 1’
dt '
do dx —
2ol 27} - B2
% 0( dt) dt
dx
i (tan? 0 + 1)(6m) = 67(X2 + 1)
When x = % d—)t( = 677(% + 1) = %T km/min = 4507 km/hr.

Problem Solving for Chapter 2

Let (a, @) and (b, —b? + 2b — 5) be the points of tangency.
Fory=x%y’ =2xandfory = —x2+ 2x — 5,y' = —2x + 2.

Thus,2a= —-2b+ 20 a+ b= 1 ora= 1 - b. Furthermore, the slope of the common

tangent lineis
@—(-bP+20-5 (1-b2+b—20+5_
a—b = 1-b_-b =-d+2
1-2b+b2+b2-2b+5
O T =-2b+2

0 20> —4b + 6 = 4b> — 6b + 2

O20—2b—-4=0

O b-b-2=0

O b-2(b+1)=0

b=2 -1

Forb =2,a=1— b= —1and the points of tangency are (—1, 1), (2, —5). The tangent line has slope — 2:
y—1=-2x=1) 0 y=-2x—-1

Forb = —1,a = 1— b = 2 and the points of tangency are (2, 4) and (— 1, —8). The tangent line has slope 4:
y—4=4x—-2)0 y=4x— 4.

4. (@ y=x3y = 2x Slope = 4at (2, 4).
Tangent liney — 4 = 4(x — 2)
y=4x-—4
(b) Slope of normal line: —;1,.
Normal line'y — 4 = —3(x — 2)
y=—x+5
y=-X+3=x20 & +x-18=00 4x+ 9(x—2) =0
X = 2, —2. Second intersection point: (3, %)
(c) Tangent line:y = 0

Normal line: x = 0

—CONTINUED—
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4. —CONTINUED—

(d) Let (a,a?),a # 0, be apoint on the parabolay = x2. Tangent line at (a, a?) isy = 2a(x — a) + a2 Normal line at (a, ) is

1 . . . .
y = _Za(x — a) + a2 To find points of intersection, solve

1
2 — _ + 2
X 2a(x a) + a
1 1
2+7:2+,
X 2aX a 2
X2+ix+i:a2+;+i
2a°  16&? 2 16&?

o &l

o a)
X+ —=zxla+

4a 4a
x+i:a+i[l x = a (Point of tangency)
4a 4a gency
1 1 1 282+ 1
”ﬁ“(“@)m X= 8" % " o
2 +
The normal lineintersectsasecond timeat x = — 2a2a 1.

6. f(x) = a+ bcoscx

f/(x) = —bcsincx
At(0,1):a+b=1 Equation 1
T 3\, cm) _ 3 .
At (Z’ 5)' a+ bcos( 4> =5 Equation 2
. (cm .
fbcsm<7) =1 Equation 3
. . cmr 3 cr 1
From Equation 1, a = 1 — b. Equation 2 becomes (1 — b) + bcos(;) =3 O —b+ bcosz =5
From Equation 3, b = -1 . Thus L + -1 cos(c—ﬂ) = 1
csin(c—w cén(c—w> csn(c—w> 4 2
4 4 4
1- cos(c—w) = 1csin(C—W)
4 2 4
. . 1 cm c .
Graphing the equation g(c) = >csin (T) + cos <T) — 1, you see that many values of ¢ will work.
oo po L. _3 _3_1
Oneanswer:c = 2,b = >a=3 O f(x) = > 2cost
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8. (@ b =x¥a—-x);ab>0

V2= x3(ab2— X)
U@ - x) V3@ — x

(c) Differentiating implicitly.
2b2%yy’= 3x¥a — x) — x3= 3ax? — 4x3

. (3ax2 — 4x3) ~0
2b?%y
0O 3ax2 = 4x3
3a = 4x
_3a
4
3a\3 3a 27a3(1
2,2 — [ 22 _oa) =
b (4) (a 4> 64 (4"“)
,  27at _ 3/
Y= sz~ YT * 16
. {3a 3./3a%\ (3a 73\@a2)
Two points: <4, 160 )(4 160
dy 1 dx
= x1/3 = =232
10. (@ y=x¥30 o 3x p
_; —2/3%
1= 3(8) dt
EX = 12cm/sec

db 1 dx dy
= /X2 xveii] &= =2 + v ox 2 =
(b) D= x2+y?[ o 2(x +y)<2x o + 2ydt>

O dy
_a a
812+ 21 _ 9B _ 49
64 + 4 J6s /17 '
&
=Yy 2,00 _ “dt “dt
(c) tan 0 XD%CO ™ vz
=]
2
[]
8
From the triangle, sec 6 = % Hence% _8(1)— 212 _-—16

68\ 68
64(@)

(b) a determines the x-intercept on the right: (a, 0).

b affects the height.

—4
= Erad/sec
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im E(x + Ax) — E(x)

12. B0 = Jim N
i
- tim,E00(*4 )
- e ym, S
But, E°0) = Jim E(AX)A; E(O) _ lim, E(AZ)X— 1,

Thus, E’(x) = E(X)E’(0) = E(x) existsfor all x.

For example: E(x) = e*.
27
14. (@) v(t) = _ft + 27 ft/sec
at) = —gft/sec2
5
27

(b) v(t) = —%t+27=0D €t=27D t = 5 seconds

S5) = —%(5)2 + 27(5) + 6 = 73,5 feet

(c) The acceleration due to gravity on Earth is greater in
magnitude than that on the moon.



