31.

33.

34.

35.

0= tim L4210

ZINCHD

N

tc ] by [-1.5, 1.5]

The cosine function could be the derivative of the sine
function. The values of fhe cosing are p¢sitive where the
sine is increasing, zero where the 'sine hps horizontal
tangents, and negative fvhere sine is dedreasing.

f(0+h) f© | =0 [k

h—0t h h—0t h

h~)0+

= lim

o0+ \/_

parallel at each
Two such paral
They are graphed below.

\

[—4, 4] by [-5, 20]
The parabolas are “everywhere equidistant,” as long as
the distance between them is always measured along

a verticgl line —
36. True. f'(x) =2x + 1

37.

38.

and the right hand derivative at x=0is 1. f"(0) does not
exist.

False. Let f(x) = ~—. The left hand derivative at x =0 is —1

¢. = lim [0S

4-3(x+h)—(4+3x)
=lim

f(X+h) f(x)

39.A. f'(x)=
_ 1.2
:liml 3(x+h) (1-3x7)
h—0 h
. —6xh—3h?
=lim————
h—0 h h—0
—6(1)=—
40.B. lim 0- 1+h) —(0-1
h—0~ h
2
- fim 2—-2h+h —limA=0
h—0~ h h—0
ALc. fim 2OFM=D=20)~D
h—0t h
= lim 2—h=2
h—0t h
@) )= i TS0

Section 3.1

=lim6x+h=—-6x

_ 2
_ 1m(x+h) {v g 2

h—0 h
=1lim(2x+h)=Px
h—0

h—0

h

The right-hand derivative does hot exist.
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(b) $ince the functiof needs to be confintious,-u 2 \
assume that a + .
lim SA+m A _ lim 3-(pph)-2 \
h—0~ h h—0~ h
= lim (1) £ -1 [—4.?,4.?]*;:3.]‘3.1]
=0 5 (d) You can use Trace to hglp see that the value of Y1 is 0
lim Sa+p—f _ lim a(lfh)”+b(+h) -2 for every x < 0 and is 1 for every x > 0. It appears to be
h h—0~ h 0
_ iy @2ah+ah’ +b+bh—2 the graph of f(x)={1’
T o0~ h
. 24h+ah® +bh+(a+b-2) 47.(a
= lim
h—0~ h
= lim (Ra+ah+b) \
h—0~
=2a+ \
Thgrefore, 2a + b =—1. Supstituting 2 — a for b gives
2a(+ (2—a)=-1,s0 a=-B. (X% 47 by [-3.3]
Then b =2 —a=2-(-3)[=5. The values are (b) See exarsize 46.
a=-3and b =>5. (c)
40. True. See Theorem 1.
41. False. The function f(x) = |x| is continuous at x = 0 but is
not differentiable at x = 0. \
42.B. [-4.7,4.71 b\[-3, 5]
. fla+h) - fa—h) (d) NDER (Y1, x, \0.1) =-0.1, NDER(Y1, 2/0) = 0.9995,
43. A. %ILI})T NDER (Y1, x, oY) =2.

_1.001-1 - 3/0.999-1
B 0.002

fm==1=0

1
48] (a) Note that —x < sinl < x, for &ll x, so lim (x sin) =0
X x—0 X

x=0.

200+ h)+1—(2(0)+1) 1
44.B. lim in——
Jim. n FO+m)- o) i, =0
b -
2 h h
=lim—=2
h—0 h

2 102
lim(0+h) +1-(0"+1)

45.C. o A 1 and 1 an infinite number of tim
W2 = 0 (that is, for / in any open interyal containing 0).
= ;11133)7 =0 , because the limit in part (c) does\not exist.
46. (a)‘ L Sm(;lz)_ 0
)= 8(0) _ b
h
\ As ndted in part (a), the limit of this a:
x apprbaches zero is 0, so g’(0)=0.
[-47,
)Y Section 3.8 Rules for Differentiation
ou can

1 (x> =2)x"

=x+x?-2x1'-2
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50. If the radius of a sphere is changed by a very small amount
Ar, the change in the volume can fe thought of a} a very
thin layer with an area given by t

a thickness

surface area, B7rr?, and
given by Ar. Therefoye, the change ip the

_ m(0)c’(0) - c(0)m’(0)
dx\m [m(0))*

= (6310)= (2306) =~—0.201 dollars per year. Each

member’s shdre of the cost is decreasing by approximately
20 cents per Year.

53. False. 7 is a constant so di(ﬂ) =0.
x

7, 1 . .
54. True. f'(x) = —— ls never zero, so there are no horizontal
X

tangents.
55.B. i(uv) = u@+v@
dx dx  dx
=)D+ EDHA3)
=-1

56.D. f(x)=x—l
X

f’(x)=1+i2
X
2

x3

s7.p 4+
dx\ x? -1

_ (x=1D—=(x+1

(x-1)°
-2

g

Frx)=-
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58.B. f(x)=(x>=D(x2+1)
x==x1

59. (a) It is insignificant in the limiting cas¢-and can be
as zero (and removed from the expfession).

(b) It was “rgjected” because it is incgmparably small
than th¢/other terms: v du and u d¢v.
© —@v) = v@+ u@ This is gquivalent to the pyoduct
dx dx dx
rul¢ given in the text.

(d) Bgcause dx is “infinitely gall,” and this could be
thought of as dividing by zero.

2. A. Since % gives the slope:
X

1-2 1
m1=7=
—1-1 2 N
1
my=——=-2
m

ﬂ_i4x—3
Tdx dx 2x+1
_4Qx+1)-2(4x-3)

2x-1)?2
- 10
(2x—1)?
d

dy 4 2
4. —~=—(x"-4
@ dx dx(x )

3.C

=4x2>-8x=0
x=0, i\/z

(b) x=1  y=O*-401)>
y=-3
y=m(x—x)+y,
y=—4x-1)-3

y=—4x+1
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4. Continued

1 1
(C) mz——T—Z
y=—(x-1)-3
Nt

Section 3.4 Velocity and Other
Change (pp. 127-140)

2. Rings of equal area suggesythat the tree adds approXimately
ith access

make the wood eacHf year, this is how most trees actually [-8, 20] by [-3, 5]
grow.

3. Since change in area is constant, so also is 3 . %ﬁ
' <

If we denote this latter constant by k, we have
k

change in radius

= r, which means that r varies inversely

as the change in the radius. In other words, the change in [—8,20] by [3, 5]
radius must get smaller when r gets bigger, and vice- . (x5 ¥5)
Exploration 2 Modeling Horizonta
1. The particle reverses direction at about 7 > \
t=2.06.
. Xt

For (x,, y,) and (x, y;), the particle is moving to the right
when the x-coordinate of the graph (velocity) is positive,
moving to the left when the x-coordinate of the graph
(velocity) is negative, and is stopped w!
x-coordinate of the graph (velocity) is0. For (x,, y,).the
particle is moving to the right when the y-coordinate of the
graph (velocity) is positive¢moving to the left when the
y-coordinate of the (velocity) is negative, and is
stopped when the”y-coordinate of the graph (velocity) is 0.

T=0 /
l=0 =g

2. When the traceélrsor is moving to the right the particlex
moving to the kight, and when the cursor is movi
left the particle is moving to the left. Again
particle reverses direction at about 7 =

. Let tMin = 0 and Max = 10.

2. Since the rock achieves a maxim eight of 400 feet,
set yMax to be slightly greaterthan 400, for example
yMax = 420.
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33. Note that “downward velocity” is positive when McCarthy
is falling downward. His downward velocity increases
steadily until the parachute opens, and then decreases to a

34.

tant downward velocity. One possible sketch:

cons
2
E%
o
>
o
s
=3
f=}
3
o
)
Time
4
(a) aV_af4 3\ —fanr
dr dr\ 3
When r=2, ? 47r(2)2 =167 cubjc feet of volume
r

per foot of radiug.

(b) The increase in

e volume is
4 3 4 3 A
575(2.2) ~3 (2)” =11.092 culjic feet.

35. Let v, be the exitvelocity of a partjcle of lava. Then

36.
37.

s(1)

Yo
64

about 348.712 ft/sec. Mulfiplying by

we

By

=t — 161 fEet, so the velocity is

——=1900 gives v, = £348/712. The exit velocity was

3600 sec 1 mi
1h 5280 ft©
lent to about 237.758 mi/h.

estintating the slopg,of the velocity graph at that point.

find that this is equi

The motion can be sirfulated in parametric/mode using

xX,(f) =28 — 132 + 2t — 5 and y,(t) =2 in [[-6, 8] by [-3, 51.

(a)

(b)

It begins at the point (-5, 2) moving il the positive
direction. Aftér a little more than one/second, it has
moved a bit past (6, 2) and it turns back in the negative
direction fgr approximately 2 seconds. At the end of that
time, it is siear (=2, 2) and it turns pack again in the
positive direction. After that, it cgntinues moving in the
positivg/ direction indefinitely, speeding up as it goes.

The pdrticle speeds up when ifs speed is increasing,
which occurs during the appfoximate intervals
<t<2.167 and t = 3/180. It slows down

dufing the approximate iftervals 0 <7< 1.153 and
2167 <1< 3.180. One pvay to determine the endpoints
these intervals is to/use a grapher to find the
fmums for the speed, INDER x(7)
using function mode in the window [0, 5] by [0, 10].

>
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(c) The particle changes direction at # = 1.153 sec and at
t = 3.180 sec.

(d) The particle is at rest “instantaneously” at # = 1.153 sec
and at r = 3.180 sec.

(e) The velocity st out positive but dgereasing, it
becomes negafive, then starts to inCrease, and becomes
positive agajfi and continues to increpse.

The speed fs decreasing, reaches O gt 7 = 1.15 sec, then
increases/until £ = 2.17 sec, decregses until £ = 3.18 sec
when itfs 0 again, and then incrgases after that.

38. (a) Splving 160 = 49012 givgst = i%. It took % of a second.

160 cm

()

9. Since profit = re¥enue — cost, the Sum and Difference Rule

sec = 280 cm/sec.

The average velocj

d d
= —(revenue) — — (cost), where x is the
) dx( ) dx( )

number of yinits produced. This means that marginal
40. False. It is the absolute value of the velocity.

41. True. The acceleration is the first derivative of the velocity
which, in turn, is the second derivative of the position

function.
poc d¥=2_ (x+4H20-("-2)
T dx x+4 x+4
2
;oo X +8x-2
fo= x+4
Frop=CY +8ED-2_
(-+4
43.D. V(x)=x’ ~
ﬂ=3x2 C
dx
44.E. @=i(2+7z—r2)
dr dr
v(t)=7-2t<0
7<2t
7
—<t
2
4>z
2
45.C. v(t)=7-2t=0
7=2t
7
t=—
2
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38. Observe the pattern:

d .
——CosXx =—sinx
d.

X

39. Observe the pattern:

d .
——sinx = cosx
dx

Continuing the pattg¢rn, we see that

n

P sinx = cosx when n = 4k +1 for Any whole number k.
X

725

Since 725 =4()81) + 1, jj si

= COS X.
72.
5

40. The line is tgngent to the graph/of y = sin x at (0, 0). Since
¥'(0) = cos (0) = 1, the line hag slope 1 and its equation
isy=ux.

41. (a) Using y = x, sin (0.12)

(b) sinf0.12) = 0.1197122; The approximation is within
0.0003 of the actual/value.

0.12.

d d
42. —sin2x = —(2sinxcos x)
dx dx

= Zi(sinxcos )
dx

i [(cos x)(cos x) f- (sin x) (sin x)]
dx

d d
= [(cos x)a(co )+ (cos x)a(cos x):l -

43. icos 2x
dx

(sin x) + (sin x) a4 (sin x):|
dx

= 2(cos x)(—sin x)— 2(sin x) (cos x)
=—4sinlx cos x
=—2(2sin x cos x)

S P Es

44. True. The derivative is positive at ¢ = %Tn

45. False. The velocity is negative and the speed is positive

b
atr= =,
4

46. A. y=sinx+cosx
dy d .
——=—=cosx—sinx
dx, dx

y(r)=sinmw+cosmw=—1

y'(m)=cosm—sinmw =-1
y=—l(x—m)—-1
y=—-x+m-1

47. B. See 46.
m2 :—i:—izl
m -1
y=x-m)-1

. AT

48.C. y=xsinx
y’ =sinx+xcosx
y” = cosx+cosx — xsinx
=—xsinx+2cosx

ds d
49.C. v(t) = —=—(3+sint
v(t) & dt( sint)
v(t)=cost=0
T
t==
2
50. (a)

A\

, 360] by [-0.01, 0.p2]

... T .. .
The limit is —— bgcause this is the cpnversion factor

r changing frony dggrees to radiang.
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63. Continued 68. No, this does not contradict the Chain Rule. The Chain
Rule statesthat if two functions are differentiable at the

Acceleration: s”(¢) = 4
dt

(N1+41)?
1 d
-2 S k4
B 2\/l+4t)dl( &

tangent at x = 1, or the graph of y = («) has a horizontal

4 ~_tangent atu = g(1)
125 70. False. See example 8.
71. False. It is +1.

2.8 Y- iLan(4x)
dx dx

64. Acceleration/= ﬂ =
dt

y=tanu u=4x

dy > du

—=sec’u —=4

65. Note that this Exercise coficerns itself with the slowing du dx
down caused by the earth’s agafosphere, not the acceleration dy

AN
caused by gravity. i 4sec”(4x)

. k
Given: v_ﬁ 73.C. ﬂ=icosz(x3 +x%)
dx dx
— 2 _ .3 2
Acceleration = _gpds (Zv)(v) = (v)(jv) dy =cos u d“ =Xt
s s
D _ dsinucosu A 332 4 2x
d k du dx
? =-2(3x% +2x) cos (3x% +2x) sin(3x? + 2x)
X
@
4.8 D_dt
dx dy
dt
dy_ i(—1+sint)
dt dt
= cost
& _ i(t —cost)
Thus, thg acceleration is invergely proportional to s dt dt
o d g p =1+sint
66. Accelefation = & = ) fdf)dv_ Ff(x) dy
dt dx dt dr _ cost
dy 1+sint
67 (KL) dr
g dy _cosO
dx 1+sin0

t=0
x(0)=0-cosO0=—-1
y(0)=-1+sin0=-1
y=lx-(=D+()=x
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75. B. See problem 74. For h=0.3:

ﬂ_ cost
dx 1+sint
cost=0

T
r=—
2

76.For h=1:

I7aNN/aN
LN

(=2, 3.5] by [-3, 3]
For h=0.5: 78. (a) Let f(x)=|x

/\ .
AT ﬁ LIvE
v V/ )

[-2, 3.5] by [+3, 3]
For h=0.2:

A
\V

s

1—2Z3| by [-5.4]
Forh=03; —
N
/Y

[42.3] by [-5, 5]
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Quick Quiz Sections 3.4-3.6
1. B. y=sin4u u=23x

& =4sin’ ucosu @23
du dx

b =12sin’ (3x)cos (3x)
dx

G

2.A. y =cosx+tanx

y = —sinx+sec’x

y” =—cosx +2sec? x tan x

3.C. x=3sint  y=2cost
dy
dy _ dr
dx dx
dt

ﬂ:i(Zcost):—Zsint
dr dt

@=1(3sint)=3czost
dr dt

dy —2sint 2
—= =—"tant.
dx  3cost 3

4. (a) s(0)=—(0)>+(0)+2
s(0)=2
0,2)

®) 2 +1+2>0
(t+D(=1+2)>0

—1<t<%butt<0 not real

0§z<l
2
1
r>—
(c) 5
dS d 2
d) vi)=—=—(-t"+t+2
@ v(») & dt( )
=-2t+1
dv d
e) a(f)=—=—(2t+1
(©) a(r) o dt( )
=-2
1
®) r=—

Section 3.7 Implicjt Differentiation
(pp. 157-164)

Exploration 1

Unexpected Derivative

this equation defines two
1. The two lines are

[-4.7,4.7] by [-3.1, 3.1]

. d .
line, @ _ 1. The condition
dx

lines are paralle¥to the line

s surprising because it dges not

t there are no inconsistengies.

5. At eagh point (x, y) on eith

y # x is true because b
y = x. The derivativ
depend on x or y,

Quick Review 3.7

Z

[-6, 6] by [-4. 4]
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55. Continued Substituting —2y/£3 in the original equation, we have:
(c) The equation x3 + y3 /9xy is not affected by xy+2x—y=0
interchanging x and y, so its graph is symmetric about (2y=3)fy+2(-2y-3)-y=0
the line y = x and w¢ may find the desiredpgint by _2y2 -8y—-6=0
interchanging the ¥-value and the y-value in/the answer 2(y+1)(y+3)=0

Finally, we find the desired normals to the curve, which are
the lines of slope

y=-26-3)-3ory=—-2x+3.
58. x=y2
d
P (X)—dx(Y)

3
(Wb _ o1

2b 2

il

Since the given point (1,1) had x = 1, we choose x = 3 and
s0 y=—(3)+ 2 =—1. The desired point is (3, —1). The twd/ normals at (b2

57. xy+2x—y=0 they have slopes %1,

d d d d
E(X}’)"'E(zx)—a()’)—a(o) =2y

normals are perpendicular whena = —.
—— 4

the line 2x + y = (/is —2, we wish to find 59. False.

- i d d
normal has slope/-2, that is, where the d (xy2 =2
dx dx
y2 +1+ ZXyQ =0
dx

dy -l-y -1-1 _
dx  2xy 2 11
2

Since the slope
points where t

60. True. By the power rule.
y=("

ﬂ:i(x)l/szlxm: 1
dx dx 3 3x%3
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ha =—sin x + 3, whichAS always between
2 and 4. Thus fis differentiable/t every point on the
interval (—eo, o0) and f'(x) is fever zero on this interval,
so fhas a differentiable inyerse by Theorem J.
(b) f(0)=cos 0+3(0)=1,
f(0) =—sin0+3=
(c) Since the graph of/y = f (x) includes the point (0, 1) and
the slope of thegraph is 3 at this point/the graph of

y= f_l(x) 11l include (1, 0) and th¢€ slope will be % R

Thus, /' (1)=0 and (Y1)

30.

35. True. By definition of the Function.

36. False. The domain is all real numbers.

37.E. isin_1 X
dx 2

(a) All reals
T _ X
b) |-=, =gin~! ==
()|: 5 y=sin" x u=>
T siny = @—l
(c) At the'points x = k?’ ere k is an odd integer. = dx 2
. d
—siny=—ux
dx Y dx
dy
cosy—=1
Y dx
d_ 1
dx cosy
sinlu= L du
dx 1—u? dx
4ty L 1
sin” u=
X X 2
1-=
2
1
4—x*

38.D. L an! (3x)
dx

du
—tany=—u —=
du du dx
dy
2
sec” y—=1
ydu
ﬂ_ 1
dx seczy
_ 1
1+(tany)2
_ L
1+u? dx
3

'+
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y=sec_1u u=x2
i(secy)ziu du=2x
du
dy
secytany—=1
y ydu
dy 1

40.C. L (2x)
dx

See problem 38.
u=2x
du_,
dx
1 du_ 2
1+u® dx 1+4x7
T
1+41)> 5
b3
41. (a) y=—
@y 5

n
(b) y==3

(¢) None,/since

42.(a) y=
(b) )

(¢) None, since

43.(a) y =§

45.

Section 3.8 145

(a) None, since sin”! x {s undefined for x > 1.

1

(b) None, since sin" x [is undefined for jk < —1.

o =tan”! x, B=col

_ _ T
So tan™! x +cot™ =a+ﬁ=5.

the adjacent side is

Cis equal to tan”!
sides are one unit f0ng.

But the sum of these three angles is the “straight angle,”
which has measure 7 radians.
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200(=1)1+¢€ )2 %(1 +&5)

=200(=1X1+€e> )2 (> X-1)
200&>
5—t )2

C(l+e

200574

P4)y=——
@ R

(© P'(5)= =50
53, A _p0df L
dt dr\ 2
:20124/1 0
=202y mn2) L] -
( )(n2) 140

-1/70

gramis/day.

d 1 d
54. (a) —In(kx)=——
(a) i n(kx) o dx

x-coordinates, thére will be points (x, In x) on the graph
of y = Inx witlyarbitrarily large y-coordinates.

points (x, e*) on tffe graph of y = ¢” with arbitrarily large

57. False. Itis In (2)2".

58. False. It is 2¢%*.
150

4—,
+e*!

=3

59.B. P(0)= |

60.D. x+3>0
x>-3
61. A. y=log,,(2x-3)
L du
uln a dx

ilo u=
dx &a

a=10
u=2x-3

, 2
Y = A
(2x-3)In 10
62.E. y=2""
u " du
—a"=a"Ina—
dx dx
a=2
u=1-x
du _
dx
y'=2"In2) (-1
Y(@=-2"h®
In (2)
’ 2 —
y(2) >

-1

63. (a) The graph y, is a horizontal line at y = a.
(b) The graph of y, is alwggs gMorizqntal line.
a 2 3 5

4
Y3 |0.693147/]1.098613 }/386295 1.609439

1.098612 £1.386294 | 1.609438

Therefore, at any giyen value of x, thege two curves will
have perpendiculay/tangent lines.
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the origin and has slope

. Lo x
— /its equation is y = —.
e

(b)/The graph of y = In x li¢s below the graph of the line

y= 2 forall positivé x # e. Therefore, lryx < z
e

for all positive x
(c) Multiplying By e, elnx < x or Inx7 < x.

(d) Exponenfiating both sides of In £¢ < x, we have

e*, orx® <e* forall pghsitive x # e.

(e) Letx = 7 to see that 7°< e” . [Therefore, ¢” is bigger.

Quick Quiz Sections 3.7-3.9

The tangent/ine is y = 3.

(c) The tangeyt line is vertical where 2y —x* = 0, which

L X . .
impliex=0ory= BN There ig/no point on the curve

Chapter 3 Review 151

2 2 2
wheresz.Ify:x—,thenx R B T s
2 2 2

Then the only solution to this equation is x = 3/—24.

Chapter 3 Review Exercises e @
(pp. 181-184)

1 dv_d x5—1x2+lx =5x4—lx+l
dx dx 8 4 4 4 <

2. ﬂ=i(3—7x3+3x7)=—21x2+21x6
dx dx

3. ﬂ=i(2sinxcosx)
dx dx

=2(sin x)i(cos x)+2(cos x)i(sin X)
dx dx

=-2sin® x+2cos x
Alternate solution:

% = %(ZSinxcosx) = jfxsin 2x = (cos2x)(2)
=2co0s2x
a D —d2ukl _Qr=D)Q)=Qu—H) 4
4 dx dx2x-1 (2x_1)2 (2)6—1)2
5. 4 4 s (1= 21) = —sin (1= 26)(=2) = 2sin(1- 21)
dt dt

ds d 2 2 2 d 2 2 2 2
6. —=—cot| — [=—csc”| — || — |==csc”| — || =
dr dt t t)dr\ ¢t t 2

. dy:d(\/— 1 J d( V2 41412y

Loyp 15 1 1

_m_zxs/z
8.* f(xxl2x+) (x)( \/_

_x+(Q2x+1) _ 3x+l1
Vx4l A2x+1

)(2)+(VZX+ (D)

9.% %sec(l+39) sec(1+30) tan (1+36)3)
=3sec(1+36) tan(1+36)
10. ﬂ=itan2(3—92)
de  de
d
=2tan(3-6°)—tan(3— 6°
( )de ( )
=2tan(3—6°) sec> (3—6%)(-20)
=—40tan(3—6°) sec> (3—6%)
11. ﬂ=i(x2 csc5x)
dx dx

= (x2 )(—cscSxcot5x)(5)+(cscS5x)(2x)
=—5x2 csc5xcot5x +2xcsc5x


Default User
Pencil

Default User
Pencil

Default User
Pencil

Default User
Pencil

Default User
Pencil

Default User
Pencil


152 Chapter 3 Review

12.

13.

14.

15.

16.

17.

18. —

19.

20. —

21

22,

d 1

Ey El nVx = fdxf \/; 2\/— ,x>0

dy d 1 e
d—izaln(ne-‘) de( )= e

% = %(xe’”) =)D+ (e D=—xe " +e "

dy _d ey d 1

df)):=£(em ’ )=a(eleI )= (ex)—e

ﬂ = iln (sinx) = Li(sin xX)= c?sx = cot x, for values

dx dx sinx dx sin x
of x in the intervals (kzr, (k+ 1)), where k is even.

dr d 1 d -1
—ln(cos x)= —Cos X
dx dx cos  x dx

1 | 1
cos™! x[ 1-x? ) cos™' xv1—x2
dr_d 1 d
- 4 92y =
6= a9 @)= 0% In2 dé

20 2
6’2 6hn2

ds d 1 1
o s

t>7

ds

(8 =8 (1n8)f( )=-8"In8
dt dt

. Use logarithmic differentiation.

ylenx

Iny=In(x
Iny=(nx)(nx)
d d 5
—In :— n
2y (l x)
ldy 21nxilnx
y dx

dy _2ylnx

lnx)

dx X
dy _ 2x""% Inx
dx X

dy _d (2x)2°

dx - E \/)c2 +1
N %[(2@2" ]— 2x)2*
x2+1

Va2 +1 [(2x)(2x)(ln 2)+ (2*)(2)]— (2x)(2%)

)%\/x2 +1

1

t—-7)In5’

2Wx? +1

(2x)

w241

(74D (2%) 2x In2+2)—2x7 (2Y)

(X2 + 1)3/2

_@- 292+ IxIn2+1)—x%]

(X2 + 1)3/2

229 In2+x7 +xIn2+1-x%)

(x2 + ])3/2

(2429 (24 xIn2+1)

Alternate solution, using logarithmic differentiation:

23.

24.

25.

26.

(X2 + 1)3/2

e
\/x2 +1
Iny=(2x)+In(2*)—Invx?+1

1
Iny=In2+Ilnx+x an—Eln(xz-kl)

i1ny= i[1nz+1mc+1nz—11n(x2 +1)]
dx 2

ydx

-2
2241

dx
dy (2x)2

@ +In2—
dx m( x2+1)

dy d £ ptan lx:emnflxitan—l :€
dx  dx dx 1+x
ﬂ=—sin71 1-u?
du dx
=%di =
V1= (W1=u?)? ¢
1 1
= (=2u) “
\/72 1-u? ‘u‘ 1-u?

1
Q: d(tsecl t—zlnt)

=() +ec (D) -
(r)

1
G

= i[(l +1%) cot™ 21
dt

=1+ - !
B 1+ (21)>

2+42¢2
- 5 +2tcot 2t
1+4¢

dy
dt

J(z) +(cot™ 2¢) (21)
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27.

28.

29.

Q:i(100371 z—\ll—zz)
dz dz

1 1
=@| = [+ os™ XD - ——=(22)
( l—zz] N
= tcos T g b
V1-22 J1-22

=cos™! z

ﬂzdi(lex—lcsc*‘ Jx)
X

dx
- (2@)[_\/;(\/1;)2_1J[2\1/;]
+(2csc”! \/;)(1]

24x—1
__ x—1 +csc4\/;
W) Vx-1 Jx-1
-1

lcsc\/;

X x—1
d
E icsc’] (secx)
dx dx

S S
_[ secx\/sec2x—1]dx (secx)
1
- gsecxtanx
‘secx‘\/tanz x—1

sec x tan x
‘secxtanx‘
1 sinx

CosX cosx _ _ SIMX
1 sinx ‘sinx‘

COS X COSX
b4
-1, 0<x<m, xiz

l, m<x<2m, x;t%r

Alternate method:

y 3
On the domamOSxSZﬂ:,x;t%,x;é%,we may

rewrite the function as follows:
y= csc_l(sec X)

4 -1
=——sec (secx
) (secx)

T _
= E —cos ™ (cosx)

E—x, 0<x<m, x¢ﬁ
b3 3
——(r—x), w<x<2m, x#—
2 2
z—x, 0<x<m, x;tﬁ
2 2
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dy -1, 0<x<m, «x# r
Therefore, — = %77:
* 1, T<x<2m, x#—

Note that the derivative exists at 0 and 27 only because
these are the endpoints of the given domain; the two-sided

derivative of y = csc™! (sec x) does not exist at these points.

0. dr:d( 1+sin9)2

d6 dOB\1-cosb

_ 2( 1+sin0) (1—cos€)(cos0)—(1+sin0)(sin0))
1—-cos@ (1-cos9)?

22(1+sin9) cosO—cosze—sinO—sinZGJ
1-cos® (1-cos)*

:2[1+sinﬂj cos@—sin@—l)
1—cos8 (1-cos6)?

31. Since y=In x? is defined for all
1 2x 2
Bl W R — s
dx— x2 dx X2 x
differentiable for all x # 0.
32. Since y = sin x — x cos x is defined for all real x and

? =cosx — (x)(—sin x) — (cos x)(1) = x sin x, the function is
X

differentiable for all real x.

1-
33. Since y= /1—"2 is defined for all x <1 and
+x

dy 1 1+ x>)(=D)=(1-x)(2x)
dx 2\/1—x (1+x%)?
1+x2
x2—-2x—-1

=——— "~ , which is defined only forx <1,
W x(1+x2)"

the function is differentiable for all x <1.

34. Since y= 2x—7)" (x+5) = 2" ki 57 is defined for all
o
o7 g D (2x—7)(1)—(x2+5)(2) 7
2 dx 2x=7) 2x-7)

the function is differentiable for all x # z
35. Use implicit differentiation.
xy+2x+3y=1
D+ Lo+ Lan="w
xl%+(y)(l)+2+3%: 0

(x+3)ﬂ:—(y+2)
dx

ﬂ__y+2
dx x+3
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36. Use implicit differentiation.

40. Y =1-=
5 4/5+10y6/5 5 X
d o, d d(2
d o 45 6/5 “ L0 | P et
(5 )+ — (10y )= (15) dx(y ) dx() dx(xj
4x7 4 12y”5 ;il =0 2y’ ==
X
dy 41 ,_ 2 1
A 12" 3m)” YR Ty
37. Using implicit differentiation. ”=i e
fo=1 )
1
d d -
L w="qa ( ’y)
&= g s )2 dx
1 dy ’
X—+(y)(1)]= - [ X))+ (X 2x)]
2ny|: dx (xzy)z
xﬂ+y=0 — 1 |: xz)(l]+2xy:|
dx 2.\2 2
d (x7y) X7y
y__Y 1 (1
dx X =——| -T2
Alternate method: Xy zy
38. Use implicit differentiation. =— 1+42ny
2 X vy
d )21+1x 41. y3+y=2cosx
7-)} =
dx dx x+1 i(y3)+i(y):i(2005x)
5, dy _ G D)= (D) de " dx dx
Vi (x+1)7? 3y°y +y =-2sinx
dy _ 1 (3y2 +1)y’=-2sinx
E_Zy(x-kl)z ,__ 2sinx
3y2+1
39. x3+y3=1 , d[ 25inx)
=z
—(x i — (y )——() A
- 3 0 By  +1)(2cosx)—(2sinx) (6yy”)
+ = =
Y=o (G2 +17
y=-= (3y* +1)(2cosx) — (12 sinx)
dy 2 _ 2sinx
w_d|_x 3y* +1
dx y2 =
020 -2 G+ D"
B f Sl (3y +1)? cosx+12ysm X
. ) Gy + 1)’
x
(y2x2x)—(x2x2y)(—2]
_= y
= ;i
2xy3+2x4
= 7}}5
_ 2x(x3+y3)
. 2x
S

since x> + y3 =l
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42. P+

=4

d 1/3 d 1/3 d

— +—

Ir (x™) I )= I
=0

—(4)

Loon, 1
3 3

72/3 ’

,__x_2/3 . X 2/3
y y—2/3 x

,,_i - X 2/3
) dx X

-3,
Y I I il 6).0)
3\ x xz

y

X

2 _ _ -
=—§x”3y U3 S323 _ 2y

_ 2 313 +2 3,23
3
43. y=2x"-3x-1,
V' =6x% =3,
¥ =12x,
y(4) =12, and the rest are all zero.

4

X
4. y=—
Y=o
” ﬁ
y 6’
2
X
6 ” — ,
YT
RO
y(s) =1, and the rest are all zero.
dy _d
45. Do T ox=  _(0x-2)=
dx  dx

2\/x —2x
Atx=3, we haveyzs/32 —203) =3

and dy _3-1
de [32 o3 \/—
(a) Tangent: y=%(x—3)+\/§ oryz%x—\/g

\/x —2x

(b) Normal: y=—§(x—3)+\/§ ory:—\/zgx+5\2/5

ERRERONE

Chapter 3 Review

46. %: %(4+cotx—2cscx)

=—csc? x+2cscxcotx

b4
At x= 5’ we have

y=4+c0t%—2030%=4+0—2=2and

dy

——est T iaese FeotE = —142(1)(0)=—1.
dx 2 22

(a) Tangent: y=—1(x—72r)+2 0ry=—x+%+2

(b) Normal: y=—1(x—72r)+2 0ry=x—%+2

47. Use implicit differentiation.

x2+2y2—9
d
?(x )+ (2 )—*(9)
2x+4yﬂ20
dx
H_ 2x__x

dx 4y_ 2y

Slope at (1, 2): ———=—

1 1 9
a) Tangent: y=——(x—-1)+2 ———x+=
(a) Tangent: y 4(x )+2ory PR

(b) Normal: y=4(x—1)+2o0ry=4x-2
48. Use implicit differentiation.
X+ \/E =6
d d d
—(x)+— =%
0+ ()= (6)
1 dy
+ (x)()ﬂy)(l)} =
ZJE[ dx
X by
2\/7 dx \/>
dy 2\/7( y J

dx X

/ 121 5
Slope at (4, 1): -2 _Z_=_
pe at (4, : 4 4 2 4 4

(a) Tangent: y:—%(x—4)+l or y=—§x+6

4 4
b) Normal: y=——(x—-4)+1 =" y_=
(b) y 5()c )+1lory 5x 5

155
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49.

50.

51.

52.

dy
dy _ qr _ —2sint
dx dl " 2cost
dt

=—tant

At tz%r, we havex=2sin%r=\/5,

3 dy RY/4
=200$—=—\/§, and —=—-tan—=1.
Y 4 dx 4

The equation of the tangent line is

y=1(x—\/§)+(—\/§), ory=x—2\/§.

dy
ﬂzﬂzﬂz—ﬂcot[
dx dx —3sint 3
dt
At 1—3—ﬂ we have x = 3c053—7z ﬂ,
4 4 2
. 3n dy 4 3m_4
=4sin" =22, and L = —Zcot T2 =,
y @m4 an i 3 13

The equation of the tangent line is

y=4[ 3\/—]+2\/§ ory—fx+4\/—

3

@
dy 4 Ssec’t _Ssect 5
dx dx 3secrtansr 3tant 3sins
dt

At t= %,we have x = 3sec%= 2\/3,

1
yesun o3 g 510

6 3 " (n)
3sin| —
6

The equation of the tangent line is
( —2\/—)+i ory_—x 5(3.

Q
@_ﬂ_ 1+ cost
dx dx  —sint

dt
Atz:—ﬁ,wehavexzcos _r =—2,
4 4 2
AN AR
y=——+sin| —— [=———-—, and
4 4 2
1+Cos(—ﬂ) 1+£
@ Y2

o) T

The equation of the tangent line is

y=(\/5+1)[x—\/§]—ﬂ—2, or

y= (1+\/§)x—\/5—1—%.
This is approximately y = 2.414x —3.200.
53. (a)

[-1, 3] by [-1, 5/3]
(b) Yes, because both of the one-sided limits as x — 1 are
equal to f(1)=1.

(¢) No, because the left-hand derivative at x =1is +1 and
the right-hand derivative at x =11is — 1.

54. (a) The function is continuous for all values of m, because
the right-hand limit as x — 0 is equal to f(0)=0 for

any value of m.
(b) The left-hand derivative at x = 0 is 2cos(2e0) = 2, and

the right-hand derivative at x = 0 is m, so in order for
the function to be differentiable at x =0, m must

be 2.
55.(a) Forall x #0 (b) Atx=0
(¢) Nowhere
56. (a) For all x (b) Nowhere
(¢) Nowhere

57. Note that lim f(x)= lim (2x—3)=-3and
x—0" x—0"
lim f(x)= lim (x—3)=-3. Since these values agree with
x—0" x—0"

f(0), the function is continuous at x = 0. On the other hand,

oon )2, =1<x<0 . .
f (x)—{L 0<cx<a * 5 the derivative is undefined at

x=0.
(a) [-1,0) U (0, 4] (b) Atx=0
(¢) Nowhere in its domain
58. Note that the function is undefined at x = 0.
(@ [2,00U(0,2]  (b) Nowhere

(¢) Nowhere in its domain

59.
y
2k
/\O__O ) =f/(X)
& I I I :I), X
- O————o
2F
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