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g _[(201)° —1.0]-7 _ 0.120601 '
T 2.01-2 0.01 [
= 12.0601
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e.  mMmy, = lim¥——mm—
"0 " my,. = lim -——f(l+h)—f(1)
g+’ -1-@ - tan = 10 p
h—0 h | N B
-3 1
2,3 2 = lim 2h_2_ i, 23R _
_ fim (2R ORT R B2+ 6+ A7) ho0 B ko0 B ka0 202+
h—>0 h h—0 h |
=12 -1
4
2
9. f(x)=x"-1 y_l=_l(x_1)
m = lim f(C“"h)—f(C) 2 4
BT 0 h .
12. =—
O () e I i I =3
= 2 hz 2 gy = lim L&D SO _ !
- Iimc +2Ch+h -1-c*+1 lan‘ h—0 h h—0 h
h=0 h hL 1
= lim £l = lim —=-1
=,!irr:)i(2iif-h—)=2c ho0 b ho0h—1
- +1=-1(x-0)y=-x~1
At x=-2, my, =4 Y ( )y
x=-1, mygp = -2 13. a.  1601%)-16(0%) =16 ft
x=l,mm=2
X=2,man =4 b. 16(2%)-1601%) =48 ft
€ Ve = 14464 =80 ft/sec
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& v 163007 -16(3)° _0.9616
T 3.01-3 0.01

=96.16 fi/s

e. f)=16%v=32c
v=132(3) =96 fUs

3+)-2r+1
3-2

14, a. V,. = =5 m/sec

. [(2.003)2 +1]- (22 +1) _ 0.012009
b. \avc = =
2.003-2 0.003

=4.003 m/sec

_ i L@t h) - f(@)

15. a. v
h—0 h
. JAa+h)+1-V2a+1
= lim
h—0 h
_]im~/2a+2h+l—\/2a+l
h—0 h
_“m(J2a+2h+1—J2a+1)(ﬁa+2h+1+Jza+1)
h—0 h(\2a+2h+1+\2a+1)
. 2h
= lim
h=0 h(\V2a+2h+1+2a +1)
2 1
= = ft/s
V2a+1+V2a+1 J2a+!1
b, ——m— =Ll
2a+1 2
2a+1=2
3
2a+l=4; a==
a+ a 2

The object reaches a velocity of % ft/s when ¢

16. f(t)= —12 +41
- g et h)? +4(c + h)) - (~c* + 4¢)

h—0 h

2 2ch-ht +dc+4h+c? —4c

h—0 h

m h(-2c-h+4) -
h—>0 h
—2c+4=0whenc=2

The particle comes to a momentary stop at
=2,

v

-2c+4

17. a. [%(2.01)2+1]—B(2)’-+|]=o.02005 g
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C.

Vaye =
=4+h

2+h-2 h

f@)=1 +1
e i L2 =)
h—0 h
i [(2+h)? +1]-(2%2 +1)
h—0 h
ah+h?

= lim

= lim(4+h)=4
h-0 h—0

0.02005
ave =5 01-2

=2.005 g/hr

l12+1
2
[%(2+h)2+1]-[%22+1]
r=lim -~ 2
h—0 h
) 2+2h+%h"‘+1—2—]
= lim
h—0 h
h(2+1h
= ]img
h—0 h
Att=2,r=2

JS@)=

=2
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18.

20,

21.

22,
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a.  1000(3)% -1000(2)? = 5000

1000(2.5)* ~1000(2)> _ 2250

b. = 4500
25-2 0.5
c.  f(r)=1000s>
2 2
+ _ pim 1000(2+)” ~1000(2)
h—=0 h
 jiry 2000+ 40004 + 100042 — 4000
h—0 h
_ iy 14000 +10008) _ o
h—>0

R(c+h)- R(c)

19.

MR = lim
h—=0 h
_ i [0:4(c+h) - 0.001(c + 1)2]-(0.4¢c - 0.001c?)
h—0 h
= [ 0:4c+04h 0.001c® —0.002ch —0.0014% —0.4¢ +0.001c>
h=0 h
- fim H0-4-0.002¢ ~0.001h) _( \ o hon
h—0 h

When n =10, MR = 0.38; when n = 100, MR =0.2

21+ h)% - 2(1)2

a=lim
h=0 h
. 2+4h+20% -2
=lm—
h—0 h
_ lim PG +2h) _,
h—=0 h
r = lim 2R =)
h—0 h
- lim [120(c + k)2 = 2(c + k)’ ]~ (120c? - 2¢%)
h—0 h
_ |im 7(240c ~ 6% +120h ~ 6ch - 24%)
h—0 h
= 240c - 6¢2
When 1= 10, r = 240(10) - 6(10)* = 1800
£ =20, r =240(20) - 6(20)* = 2400
1 =40, r = 240(40) - 6(40)> = 0
100-800 175
—— = 2~ 29.167
e 24-0 6

29,167 gal/hr
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24,

25.

53_3 o8

a. dy,.=——="—=49 g/cm
we 5.3 2 4
3
b. f(x)=x
3 43
d = lim M
h—0 h
_ 2742Th+9K% + K> =27
= lim
h—o0 h
9 2
= lim hQ2Q7+%h+h7) =27 glem
h=0 h
At 8o'clock, r= M =-75

6-10
75,000 gal/hr

a. The elevator reached the seventh floor at time
t =80. The average velocity is
Vag =(84-0)/80=1.05 feet per second

b. The slope of the line is approximately
60-12
55-15
approximately 1.2 feet per second.

=1.2. The velocity is

¢. The building averages 84/7=12 feet from
floor to floor. Since the velocity is zero for
two intervals between time 0 and time 85, the
elevator stopped twice. The heights are
approximately 12 and 60. Thus, the elevator
stopped at floors | and 5.

a. A tangent line at 1 =91 has slope
approximately (63-48)/(91-61)=0.5. The

normal high temperature increases at the rate
of 0.5 degree F per day.
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b. A tangent line at 1 =191has approximate
slope (90-88)/30~0.067. The normal

high temperature increases at the rate of
0.067 degree per day.

c. There is a time in January, about January 15,
when the rate of change is zero. There is also
a time in July, about July 15, when the rate of
change is zero.

d. The greatest rate of increase occurs around
day 61, that is, some time in March. The
greatest rate of decrease occurs between day
301 and 331, that is, sometime in November.

26. The slope of the tangent line at r =19301is
approximately (10—3.5)/(1980-1919) = 0.107..
The rate of growth in 1930 is approximately
0.107 million, or 107,000, persons per year. In
1990, the tangent line has approximate slope
(24-16)/(20000 - 1980) = 0.4 . Thus, the rate of
growth in 1990 is 0.4 million, or 400,000,
persons per year. The approximate percentage
growth in 1930 is 0.107/6 = 0.018 and in 1990 it
is approximately 0.4/20=0.02.

27. Inboth (a) and (b), the tangent line is always
positive. In (a) the tangent line becomes steeper
and steeper as ¢ increases; thus, the velocity is
increasing. In (b) the tangent line becomes flatter
and flatter as ¢ increases; thus, the velocity is
decreasing.

28. _f(t):%t3 +1
S(c+h)-f(c)

current = lim

h—0 h
3 1.3
] [‘;-(C-}-h) +(c+h)]—(§c +c)
= lim
h—0 h
h(c® +ch+1h?+1
= lim ( 3 )=c2+1
h—0 h
When ¢ = 3, the current =10
2 +1=20
c2=19
c=19=44

A 20-amp fuse will blow atr = 4.4 s.

3.2 Concepts Review

Sle+h)—f(c) f()-S(c)

h t—-c¢

1.

Sx+h)- f(x)
h

2.
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29.

30.

31.

32.

33.

34.

3.

A=nr2, r=2t
A=4m2

2 2
rate = lim 4n(3+h) -4n(3)
h—=0 h

h(24m + 4mh)

= lim =24n km?/day

h—0

3.3
rate:-l.” “m M:Eﬂ
k-0 h 48

= i7r inch? /sec
16

y=fx)=x>-2x"+1

a. Mygy=7 b. myu,=0

€. My =-1 d. myu,=17.92
y=f(x)=sin)csin2 2x

a. myy=-1125 b. my, = -1.0315

c. Man=0 d. ™Muan =1.1891

s=f(t)=t+tcoszt

Att=3,v=28I18

3

Atr=1.6,v=4.277

continuous; f(x) =|x|

Section 3.1
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Problem Set 3.2

S.

98

f(1+h) S

. (=
_ 2 2
- lim (l+h) | = lim 2h+h
h—0 h -0 A

= lim (2+4)=2
h—=0

f(.-+h) /2

9. fi(x)=14

10. f(x)=

@)=
lim [2(2+h)] —[2(2)]
h—0 h
2
o lim SO (164 4h) = 16
-0 h A0
3+ 3
3= f( 1) J3)
2
lim [(3+h) —(3+h)]—(3 -3)
h—0 h
2
= tim 2 im(s+h)=5
h—0 A h—0
4+h 4
1 3-(3+h)
o lim ATy 3G,
h-0 h A0 A h—>03(3+h)
1
"9
§'(x) = lim s(x+h)-s(x)
- h
lim [2x+h)+1]-(2x+1)
h—0 h
= lim % =2
h—0 h
0 h
lim [a(x+h)+ B]-(ax+ B)
h—>0 h
ah
= lim—=a
h—0 h
r(x) = lim r(x+h)-r(x)
— h
i [3(x+h)? +4]- Bx* +4)
h—0 h
2
= im 3 i 6x+3k) = 6x
h—0 h h=0
Section 3.2

12, g'(x)=

f(X+/l) J(x)

8. f'(x)=
lm[(.r+lx) +(x+h)+l]—(x2+x+l)
h—0 h
. 2
wlim 2R i @x k1) = 2041
h—0 h h—0

Sl - f(x)
=0

h

[a(x+h)? +b(x+h)+c]—(ax® +bx+c)

= lim
h=0 h
. h+ah? .
= lim M = limQax+ah+b)
h—0 h h—=0
=2ax+b

f(x+’1) f(x)
4
= lim (x+h) -x
h—0 h
4k 1620 + 4k x+ h?
= lim
h—0 h

= lim (4):3 +6hx? + 4R x + 113) =4x°
h—>0

TMIWﬂHMfm

i [(x+h)® +2x+ )2 +1]- (2> +2x2 +1)
h—0 h

 im 3h? +3h%x+ b + dhx+ 2h°
h—0 h

= lim 3x2 +3hx + A% +4x+2h) = 3x% +4x
h—0

g(X+ h)—g(x)

0 h

im [(x+h)4 +(x+h)?]-(x* +x7)
h—0 h

 im ahx® +6h2x2 + a3 x + h* + 2hx + b?
h—0 h

= lim (4x° +6hx® +4h2x+ b3 +2x +h)
h—0

=4x> +2x
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13. h(x)= gimwx_)

-0 h

. ( 2 2) ]
= lim - =
h-0{\x+h x) h

. -2h 1 . -2
= lim -— = lim
h=0| x(x+h) h| hoox(x+h)
2

- b
X

4. S'(x)= lim SEEM = S()
h—0 h

. | I )1
= lim -— =
h—)OI:(Xi—h-I-] x+l] /1]

= lim _—h—.l
h—-0f (x+1D(x+h+1) h
-1 1

= lim =-
h=0 (x+1)(x+h+1)  (x+1)?

G(x+h)-G(x)
h

) 2(x+h)-1 2x—l)l
= lim - -

h—0 x+h-4 x—4 ] h

’ 252 4 2hc-9x—8h+4—(2x° + 2hx-9x—h+4) 1
= lim . —
h—0 (x+h-4)x-4) h

17. G'(x)= lim
h-0

. -7 7
= lim =-
h>0(x+h-4)(x-4)  (x-4)%

18. G'(x)= i &) = G()
h—=0 h

im Fx+h)-F(x)

-0 h

15. F'(x)=1
h

. 6 6 1
= lim - —
=0\ (x+h)* +1 x“+1) K

b [ 6(x +1)—6(x* + 2hx + 42 +1) 1
h=0 (2 +1)(x? +2hx+ A7 41y h
[ —12hx - 642 1

= lim 3 3 3 .—
h=0[ (x° +1)(x° +2hx+h* +1) h

. —12x-6h 12x
= hm 2 2 B == L) 9
h=0 (x° +1¥x“ +2hx+h* +1) (x*+1)°

16. F'(x) = lim Flrh)-Fx)
h—>0 h

. '(x+h-1 x—l)l
= lim Sy
h—0| x+hn+l x+1) h

o [ hreho1- P e boho)) 1
=20 (x+h+1)(x+1) h
[ 2h 1 2

= lim —|=
h—0| (x+h+1)(x+1) h] (x+1)?

} . [ ~7h 1]
=lm| ——m—mm—m—m———
h—0| (x+h-4)x-4) h

h—0 h—0
. —2h%x—2hx? 1
= lim > > > o
h=0| (x? + 2hx+h? -x-h)(x*-x) h
. —2hx-2x*
= lim 3 = 3
h=0(x“ +2hx+h™ - x-h)(x* - x)
—2.\'2 2

T -? (-1
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. 2(x+h) 2 V1| . [ @x+2R)(x® —x)=2x(x® +2xh+h% —x—h) |
= lim - -—| = lim —
(x+h)? —(x+h) x*-x)h (x* +2hx + h? — x = h)(x* - x) h
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glx+h)—g(x)

19. g'(x)= lim
h—0 h
_ SBGe+r)-x

= llm —_—

h—0 h
—lim (V3x+ 3k = 3x)(\3x+ 3k +/3x)

k=0 h(\3x+3h +/3x)

3h 3 3

= lim = lim =——
h>0 h(3x+3h +3x) h-0Bx+3h+3x  2¥3x

g(x+h)—g(x)

20. g'(x) = lim
&' h—0 h

I RE
=i _ |- =
h'-’f})_(,b(ﬁh) Js_x] h]
[ BB 1
h—0]  \9x(x+h) A
— i | /3% = B+ 3R)Bx +B3x+3h) 1
B0 Jox(x+h)(V3x+3x+3k)  h
= lim =3k = -3 - 1
10 h\Ox(x+h)(Bx +3x+3k) 3x-23x  2x3x

H(x+h)- H(x)
h

=liml:[ 3 3 ]l]
—o\\Jx+h-2 x-2) h

. [3~/x—2—3\fx+h—2 1}
= lim —

2. H'(x)=lim
h—0

h—>0| J(x+h-2)(x-2) h

_ 3Wr=-2-Vx+h-2)x=2+Jx+h-2)
h—0 hJ(x+h-2)(x-2)(Vx-2+Vx+h-2)

. —3h
= lim
h=0 h{(x = 2)\Nx +h =2 +(x+ h—2)x-2]
) 3
= lim
o0 (x—2x+h=2+(x+h-2)x-2
3 3

T T aa-2vr-2 20—

22, H'(x)= 1imw
h—0

h
C Jarr+a-Jxt+a
= lim
h—0 h
(\/x2+2hx+h2+4—\/x2+4)(\/x2+2hx+h2+4+\/;2+4)
= lim
h=0 h( x% +2hx + k2 +4+\/x2+4]
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. 2hx + h?
= lim

h"oh(\/xz +2hx +h? +4+\jx2 +4)

. 2x+h
= lim
h—0 \/x2 +2hx+h2 +4+\/):2 +4
2x X

PN NN

23. f'(x)=lim SO-fx)
t—Xx

t—x

2 2
= lim (t°=-3)—(x“-3x)

t—x {-Xx
2.2 _
=limt x“ —(3t-3x)
t—»x t—x
= lim (-x)(t+x)-3(t—x)
1—x r—x
- =B +xa=3) lim(t+x —3)
t—x t—x t—x
=2x-3

24, f(x)=tim LO=S&)

—x {—Xx

3 (3
= lim (7 +51)—(x” +5x)
1—5x [

P es-5x
=llm———-—
t—>x 1—Xx
2 2 _
=lim(t )t +ex+x°)+5(-x)

{—>x 1-Xx

=1

t—x 1—x

= lim@® +tx+x% +5)=3x2 +5
1—=x

2 2
N (3 (21 5
lm( x)(t° +ex+x°+5)

25. f'(x)=lim f(—’z:-;fﬁl

1—x

- i (-5 )5

. x—5t—tx+5x
= him
1—-x (1 =5)x—-5)t—x)

=5(t-x) . -5
= lim =lim
tox (-5 (x=-5)(t-x) r=x(-5)x-35)
5
T (x-5)?
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26.

27.

28.

29.

30.

31

32,

33.

34.

35.

36

37

38.

f'(x) = lim f(t)_f(x)
—=x -X

(222 L)

2 |
= lim =lim—=-—
t—x xt(t—x) 1ox xt x2

f(x)=2x> atx=5
f(xy=x"+2xatx=3
f(x)=x2 atx=2
f(xy=x>+xatx=3
f(x)=x" atx

f(x):x3 atx
f(t)=—f att

fy)=sinyaty
fix)=cosxatx

. fly=tantat?

CSO=-S @)=

1)~ % F(0) =3

g-)=2g(H=0

. , 1
g(4)=—2:g(6)=—3
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39,

40.

41.

42,

43,

102

I I

fx

}

-5

£gx)

FR

"}
' T 1771
o0
-

Sk

s f@=3@)=3
£(0.5) = 1.8 (0.5~ 0.6

b. 2.9—1.9=0.5
2.5-05

¢. x=35

d. x=3,5

e. x=135

f. x=0

g. xz—0.7% and 5<x<7

The derivative fails to exist at the corners of the
graph; that is, at 1 =10,15,55,60,80 . The
derivative exists at all other points on the interval
(0,85).

v
2
1 Onmmmmmm—— Omammy0
ool L | lob | éml
30 60 90 7

The derivative is 0 at approximately ¢ =15 and

t =201. The greatest rate of increase occurs at
about ¢ = 61 and it is about 0.5 degree F per day.
The greatest rate of decrease occurs at about

t =320and it is about 0.5 degree F per day. The
derivative is positive on (15,201) and negative on
(0,15) and (201,365).

Section 3.2

44.

46.

47,

B 365

-

182

-1

The slope of a tangent line for the dashed
function is zero when x is approximately 0.3 or
1.9. The solid function is zero at both of these
points. The graph indicates that the solid
function is negative when the dashed function
has a tangent line with a negative slope and
positive when the dashed function has a tangent
line with a positive slope. Thus, the solid
function is the derivative of the dashed function.

The short-dash function has a tangent line with
zero slope at about x = 2.1, where the solid
function is zero. The solid function has a tangent
line with zero slope at about x=0.4. 1.2 and 3.5.
The long-dash function is zero at these points.
The graph shows that the solid function is
positive (negative) when the slope of the tangent
line of the short-dash function is positive
(negative). Also, the long-dash function is
positive (negative) when the slope of the tangent
line of the solid function is positive (negative).
Thus, the short-dash function is f; the solid
function is f'= g, and the dash functionis g'.

Note that since x = 0 + x, f{x) = f{0 + x) = f0)f(x),
hence f{0) = 1.
fl(a) = lim f(a+h)_f(a)
h—0 h
i L@ - £(a)

h—0 h

—f(a) hm Sf(h )
= f(a)f (0)

f'(a) exists since f'(0) exists.

PAORFAV]

i
=/@ hl—)n}) h

If fis differentiable everywhere, then it is

continuous everywhere, so
lim f(x)= lim (mx+b)=2m+b=f(2)=4
27 x—>2"

and b=4-2m.
For fto be differentiable everywhere,

f2)= _j_"ﬂ_zf_(_)_ must exist.
2
lim f(x)‘f(z) = lim x -4 = lim (x+2)=4
x—=2t x-2 x=2% X~ x=2%
lim S -1@) _ lim mx+b-4
x—2" x= xm2” X2
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mx+4-2m-4 m(x-2) _ 50. Say f{-x) =—f(x). Then

- xl_l)n;— x-2 - I]_l)n;‘ x=2 i f'(—I) = lim f(_x+ h) - f(_x)
Thus m=4and b=4-2(4)=—4 h— h
| i TGS S - )
48. fi(x)=lim S+ = [+ () - fe=) h—-0 h h=0 h
ST e 24 e SLEREDIZ S
_ “m[f(.r+h)~f(x)+f(x—h)—f(x)] = —II:TO ~h = f'(x) so f'(x) is
h—0 2h —2h an even function if f{x) is an odd function.
1 SeAR oS0 1 L Sl - S () Say fi-x) = fix). Then
T 2450 h 2 -h>0 ~h f'(-x)= lim SEx+h) - f(-x)
h—>0 h
P R . = lim &= =)
RO TACERC)! Jim —=—
For the converse, let f(x) =|x| Then = lim SIx+ (=M= () _ —fx) so (%)
N L e B i ~h-0 h
[0 = :‘_‘"&)T = ,!_UR)T =0 is an odd function if f{x) is an even function.
but f'(0) does not exist. 51. 15
i0
oo i 0= S(x0) - //
49. f(xo)—(gToTa so =) _5-\1 VA
: (0= (%) s
—x Y= lim =220l 15
S(=xp) "’T‘o I~ (oxg) et
_ e S - S(=x0)
-"l":l‘o '+ a. 0<x<§ b. O<x<-§-
a. Iffis an odd function, ¢. A function f{x) decreases as x increases when
fv(_x0)= hm f(l)_[_f(_x())] f (I) <O'
1--x0 1+Xg 52
. 1
i L0 S50) *N2.SN
t=>-x0 1 +Xxg s - : -
Letu=~t. As t = —xp. u—> xg and so -0.5 \/
-1
fl(_xo)': im f(_u)"’f(XO) -1.5
u—rx(Q “u+Xx -2
= lim —f(u)+f(xo)= lim S~ f(x)] a. mT<x<6.8 b. 7<x<6.8
uoxy —(u—xp) u-sxg  —(u-xp)
) _ ¢. A function f{x) increases as x increases when
= tim LS oy F()>0.

u-xy U—Xg

b. Iffisan even function,
oz tim L0 0)

1—-xQ 1 +Xxg

.Letu=-t, as

above. then f'(-xg) = lim GO RPAC!)]

u=xQ —U+ Xy

= lim M_f(_xo)=_ lim S) - f(xg)

u-xy —(1—xp) u-xg - Xg

=—f(x¢)=-m.
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3.3 Concepts Review

1.

3.

4.

the derivative of the second; second:

S(x)g (x)+g(x) f'(x)
denominator; denominator; square of the
g(x)f'(x) - f(x)g'(x)

g2 (%)

denominator;

nx™ e o™l

kL(f): L() + L(g). D,

Problem Set 3.3

1.

2.

3.

10.

11.

12.

104

D,(2x*)=2D,(x*)=2-2x=4x
D,(3x>)=3D,(x*) =3-3x? = 9x?
D(m)y=nD(x)=mn-1=n

D, (x*) = =D, (x*) = ©-3x® = 3mx®

D, (2x7%)=2D,(x %) =2(=2x73) = —4x~3

D.(-3x Y =-3D, (x*) = 3(4x?) =12x73
X X

=

D, (E) =nD, (x'l) = n(—lx'z) =—m 2

=

R
N

J =aD, (x’a) = a(—3x‘4) =-3ax*

R Nu|p

w

x4

s

D, (’00) =100D, (x~3) =100(-5x75)
X

500
T 6

X

=-500x7% =

D, (3_") = 37“ Dy (x%) = 37“(-5{6)

4x°
__15a ¢ _ l5a
4 4x°

Do (x2+2x)= D, (x?)+ 2D, (x) =2x+2
X

D,(3x* + %) =3D,.(x*)+ D ()
=3(4x3)+3x% = 1223 +3x2

Section 3.3

13.

14.

15.

16.

17.

18.

19.

20.

21.

Dx(.r4 +x0+x2 +x+1)
= D (x*)+ D (22) + Dy (x*) + D, (x)+ D, (1)

=4x° +3x? %2x+l

D,(3x* -2x% -5x* 4 x4 %)
=3D,(x*)-2D,(x*)- 5D, (x?)

+ 1D, (x)+ D, (7°)
=3(4x%)-2(3x%) - 5(2x) + (1) + 0
=12x° - 6x2 ~10x+ 7

D (e -2x° - 5x72)
= 1D, (x") - 2D, (x*) - 5D, (x2)
= n(7x%)- 2(5x%) - 5(-2x7%)

=7nx® —10x* +10x73

2 —10)

Dx(x]2 +5x7° - nx
= Dy (x'2)+5D,(x"%) - nD, (x7'7)
=12x" +5(=2x3) = n(=10x"1)

=12x"' -10x73 + 107!

D

X

(%+X_4) =3D,(x )+ D, (x7)
X

=3(=3x"H)+(4dx7) = -% —4x73
X

D (2x % +x"y=2D (x %)+ D, (x"})

2~6x"T)+(-1x2)=-12x"T - x2

2 1

D, (—-—2) =2D,(x ) - D (x7?)

X x

22 3 2 2
2-Ix")-(-2x7)=-=+—=-
x2 x3

3 1

D, [_—_) = 3Dx(x_3) "Dx(x_4)

PR

4
3357 - ()= -2 S
X X

D, (l+2x) = le(x'l)+2Dx(x)
2x 2

1 2 1
—Ix)+2()=-—+2
)20 =
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2. b (2-3)-206)-0, ) 27. D[(2 +2)(5 +1)]

, 3 3 , = (x2+2)D, (X +1)+ (2 + 1)D, (x +2)
-2
=3¢ )—0=—37 =(x2 +2)3x%)+ (x> +1)(2x)
=3x* +6x% +2x% +2x
23, Dy[x(x* + 1] = x D (x% +1)+(x? +1)D (%) =5x% +6x%+2x

= x(2x)+ (x> + (1) =3x% +1
28. D [(x* - 1)(x% +1))]

24. D [3x(x* -1)] =3xD,(x* - 1)+ (x> -1)D, (3x) =x* -y, (2 + 1)+ (2 + 1D, (x* - 1)
=3x(3x%) +(2* -1)3) = 12x° - 3 = (x* - 1x)+ (2 + 1)(ax3)

) =2x° — 2x+4x° +4x% = 6x° +4x° — 2x
25. D, [(2x+1)]

= (2x+1)D, 2x+1)+2x+1)D,(2x+1)
= 2x+ 1))+ 2x+1)(2) =8x+4

26. D,[(-3x+2)%]
=(3x+2)D(-3x+2)+(-3x+2)D, (-3x+2)
=(3x+2)(-3)+(-3x+2)(-3)=18x-12

29. D [(x* +17)(x* -3x+1)]
= (P +17)D (x> =3x+1)+ (x> = 3x+1)D, (x2 +17)
= +17)3x% = 3)+ (> = 3x +1)(2x)
=3x* +48x% - 51+ 2x% —6x2 +2x
=5x* +42x% +2x-51

30. D [(x* + 200 +2x2 + )] =(x* +2x)D, (2 +2x% + 1)+ (=2 + 2x2 + 1)D, (x* + 2x)
= (x* +20)(3x% +4x)+ (x> + 2x2 +1)(4x> +2)

=7x8 +12x° +12x3 #1252 42

31. D (5x* - 7)(3x? = 2x+1)] = (5x* - T)D, (3x% = 2x + 1)+ (3x* — 2x+ YD, (5x> - 7)
= (5x2 = 7)(6x—2)+(3x* - 2x +1)(10x)
=60x" -30x> —32x+14

32, D[(3x® +20)(x* —3x+1)] = 3x% + 20D, (x* —3x+1)+ (x* - 3x+1)D, (3x? +2x)
= (3x% +2x)(4x° =3)+ (x* = 3x+1)(6x+2)
=18x° +10x* —27x% —6x+2

- D[ 1 )z(3x2+1)ox(1)-(1)o,(3x2+1)
32 +1 (3x% +1)2
_ (32 +1)(0)—(6x) _ 6x
T G2 3241y
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2 (522 - 1)D,(2) - (D, (5x2 - 1)
34. D, =
[5x2 - 1) (5x% - 1)?
_ G -10)-2(10x) _ 20x

5

(5x% - 1)? (5x% =1)?

1 (4x% =3x+9)D, (1) - (1)D, (4x* - 3x +9)
35. D|— = 2 :
4x° -3x+9 (4x° -3x+ 9)2
_(4x% -3x+9)(0)-(8x-3)  8x-3
(4x* —3x+9)? (4x* -3x+9)?
—8x+3
(4x% -3x+9)?

%. D ( 4 ):(2x3-3x)DX(4)—(4)Dx(2x3—3x)
La2xd —ax (2x° —3x)?
_ (2% =3x)(0) - 4(6x2 -3)  —24x% +12
- 253 —3x)? @28 -3x)?

D (x—l):(x+l)Dx(x—l)—(x-l)Dx(x+l)
\x+1 (x+1)2
CxDD-(x-DD) 2
B (x+1)2 T (x+1)?

18, Dx(2x—1] _(x=1)D,2x-1)~(2x-1)D,(x~1)
x-1 (x=1)?
_x-D@)-@x-1m

(x-1) Cx-1)?

30, Dx[zxz —1J _Gx+5)D, (222 -1)-(2x ~)D, (35 +5)

3x+5 (3x+5)?
_ (Bx+5)(4x) - (2x% ~1)(3)

- (Bx+5)?

_6x% +20x+3

© (3x+5)?

40.

D ( 5x—4 ] _ B2 +1)D(5x=4) = (5x-4)D, (3% +1)
3x? +1 (3x% +1)?

_Bx2+1)(5) - (5x - 4)(6x)

- Gx% +1)>

_ =15x2 +24x+5

T X2 +1)?
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AL Dx[zx2 —3x+lJ _ 2x+1)D, (227 ~3x +1)= 25 - 3x4 DD, (2x+1)
2x+1 (2x+1)2
_ (x+1)(4x-3)- (2x2 —3x+1)2)
B (2x+1)°
_4x?+4x-5
T (2x+1)?

5x242x-6) (Bx=1)D,(5x> +2x—6)—(5x* +2x-6)D,(3x-1)
42. D, = -
3x-1 Bx-1)°
_ Bx—I)10x+2) - (5x% +2x - 6)(3)
(3x-1)?
_15x2—-10x+16
(3x-1)°

43.

b [xz—x+1] (2D (2 —x+1)= (2 —x+)D, (3} +1)
; -
x°+1

_ (2 +1)2x-1)—(x® —x+1)(2x)
(x% +1)?
x2 -1

B ()c2 + l)2

Dx{"z —2x+5J _ (P +2x-3)D, (x? ~2x+5) - (- 2x+ 5D, (x> +2x-3)
x*+2x-3 (x? +2x-3)?

(2 +2x-3)(2x-2) ~ (3% ~2x+5)(2x +2)

- (2 +2x-3)

_ 4x? —16x-4

(12 +2x-3)?

45. a. (f-gY(0)=f(0)g'(0)+£(0)f(0)
=4(5) + (-3)(-1)=23

b. (f+g)(0)=/'(0)+g'(0)=-1+5=4

. (f/gy(©)=EQLO-0g©®)

g2(0)
_3n-4) 17
(-3 9

46. a. (f-2Y®)=f(3)-g()=2-(-10)=12

b. (f-2)3)=s0B3)g'3)+g(3)f ()
= 7(=10) + 6(2) =58

S3)e'3)-gB3) )

c (g/fY®)=

Fac)
_7(-10)-6(2) __82
B (7)? 49
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47.

48.

49,

50.

51.

x=0and x=

D [f () = DLf(x)f(%)]
= f()DL[f()])+ f)DLLf (x)]
=2- f(x)-D,f(x)

D [f ()g(x)h(x)] = [ (x) D[ (x)A(x)]+ g(x)h(x)D, f(x)

= [(x)[g(x)Dyh(x) + h(x) D, g (x)]+ g(x)H(x) Dy f (x)

= f(X)g(x)Deh(x) + f(x)h(x) Dy g(x) + g(x)A(x)Dy f (x)

D (x} -2x+2)=2x-2
Atx=1:my, =2(1)-2
Tangent line: y=1

1
D =
! (xz +4)

(x> +4)D, (1) - (1)D, (x* +4)

(x2 +4)?
_ (x* +4)(0) - (2x) 2
(x* +4)? (x? +4)?
L o2 2
Atx=1: Myan —-m——g

1 2
Tangent line: y——=—-—(x-1
g Y-y 25( )

2 7

D (x*-x¥) =32 —2x

The tangent line is horizontal when m,, = 0:
Myn = 3x2-2x=0

x(3x-2)=0

ulw

4
(0 0) and (5 —2—7)

52. D, (%4\ +x2 J-x2+2x—l

108

Myan =x*+2x-1=1

x2+2x—2=0

-2 JA-3()-2) _=212

2 2
=-1-43,-1+43
x:—]+\/_

( +J’——J’J( l—\/§,§+\/§)

Section 3.3

53.

54.

55.

56.

y=100/x° =100x>
y'=-500x"°

Set y' equal to -1, the negative reciprocal of

the slope of the line y = x. Solving for x gives

x=1500"6 =~ +2.817
y =+100(500)7/¢ = £0.563

The points are (2.817,0.563) and
(-2.817,-0.563).

Proof #1:

D, [f(x)-g(x)] = D, [f(x)+(~Dg(x)]
=D, [f(0)]+ D, [(-Dg(x)]
=D, f(x)-D,g(x)

Proof #2:

Let F(x)= f(x)-g(x). Then

[f (x+h)-g(x+h)]-[f(x)- g(x)]

F'(x)=

h
_ “m[f(ﬁh)—f(x) _ g(x+h>—g(x)]
h=-»0 h h
=/(x)-g'()

a. D, (=162 +40r +100) = =32t + 40
v==32(2) +40 = 24 fu/s

b. v=-32t+40=0
)
t=%s

D, (4.50% +21) =91 +2
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57. myy =D (4x-x2)=4-2x
The line through (2.5) and (xg. yp) has slope
Yo =3

—Zx()2 +8x9-8= —x02 +4x5 -5
x02 —dxy+3=0
(xo —3Xx -1)=0
xo=1, =3
Atxg=1: yp=4()-(1)* =3
an =4-2(0) =2
Tangent line:y~3=2(x—1):y=2x+1
At xp =31y =4(3)-(3)* =3
Mian = 4-2(3) = 2
Tangent line: y-3=-2(x-3):y=-2x+9

58, D,(x?)=2x
The line through (4, 15) and (xg.yp) has slope

Yoo 2 lf(ro yp) is on the curve y = x2 , then
2
XO -15
Myn =2 =__x0—4 .

2.\’02 —8xp = x02 -15
x> —8xg +15=0

(xo —3)(% -5)=0

At xg=3:y,=(3)* =9

She should shut off the engines at (3, 9). (At
xo =5 she would not go to (4, 15) since she is

moving left to right.)

59. D,(7-x%)=-2x
The line through (4, 0) and (xg, yp) has

slope —=——— %0 0 . If the fly is at (xg,yp) when the
T-xy" -0
spider sees it, then my,, = -2xp = —xo—.
X0 — 4

-2x02 +8xg =7—Jc02
on - &0+7=0

3.4 Concepts Review

sin{x + h) — sin(x)
h

1.

2. 0;1

instructor's Resource Manual

60.

61.

(x0 =Nxo-1)=0
At X0 =1:y0 =6

d=J(4-1)2 +(0-6)
=6.7

They are 6.7 units apart when they see each
other.

=9+36 =45 =35

P(a. b)is (a,l). D .y= _LZ so the slope of
a X

. . 1 .
the tangent line at P is ——-. The tangent line is
a2

yot=-t(x-a)ory= ——(x 2a) which
a a

has x-intercept (2a 0).

d(0,P)= / +— . d(P,A)= }(a 2a)? +—
}az +— = d(0, P) so AOP is an isosceles
a

triangle. The height of AOP is a while the base,
—_— 1
OA has length 24, so the area is '2- Qa)(a)= Q.

4
The watermelon has volume 5 nr3; the volume

of the rind is

3
3 3 10 750

At the end of the fifth week » =10, so

Dy =22 221 0y 22227 L340 e
250 250 5

per cm of radius growth. Since the radius is

growing 2 cm per week, the volume of the rind is

growing at the rate of >42n (2) = 681 cm’® per

week.

3. cos x; —sinx

4,

n 1
cos—=—;
3 2
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Problem Set 3.4
1. Dy(2 sinx+ 3 cos x) =2 Dy(sin x) + 3 Dy(cos x)
=2cosx-3sinx

2. D, (sin2 x) = sinx Dy (sin x) +sin x D, (sin x)
=ginx cosx + sin x cos x = 2 sin x cos x = sin 2x

3. D,(sin® x+cos® x) = D, (1) =0

4. D.(1- cos? x) = Dx(sin2 x)
=sinx D (sinx)+sinx D, (sinx)
=sin x cos x + sin x cos x
=2 sin x cos x = sin 2x

s. D,(secx)=Dx[ ! )
cosx

_ cosx D, (1)-(1)D,(cos x)

0052 X

sinx 1  sinx
= = . =secxtanx
COSZ x COSx COSx

6. Dx(cscx)sz( ,1 J
sinx
_ sinx D, (1) - (1) D, (sin x)

sin2 X

—-cosx -1 cosx
= =——.-——=-—cscxcotx
2 sinx sinx

sin“ x

7. D,(tanx)=D, ( s‘"‘)
cosx
_ cosx D, (sinx)—sinx D, (cos x)
cos® x

cos x+sin? x 1 2
= =———=sec’ x

COS2 X COos™ x

Xcosx+sin x)

12. Dx( 5
x“+1

8. D (cotx)=D, (c?sx)
sinx

_ sinx D (cosx)-cosxD,(sinx)

sin? x
_ —sin® x-cos? x _ —(sin2 x+cos? x)
sin® x sin? x
=-——= ~csc? x
sin® x
sinx+cosx
9, D|———
cosx
_ cosx D (sin x+cos.x)—(sin x +cos x)D, (cos x)
cos® x

2 x—sin Xcosx)

_ cosx(cos x—sinx)—(-sin
cos? x
cos? x+sin’ x 1 2
= 5 =———=sec’ x
cos‘ x cos” x
sin x+cosx
10. D | ——
tan x
_ tanx D, (sin x +cos x) — (sin x + cos x) D _(tan x)
tan® x
_ tanx(cosx —sinx) — sec? x(sinx +cosx)
tan? x
. sinx  sinx 1 sin’ x
=|sinx-— -—- + e
COSX COS° X COSX cos™ x
. 2 . 2
. sin"x  sinx 1 cos" x
=|sinx- —_— —
COSX COS°x cosx J{sin“x
2
cos“ x 1 cosx
= —Cosx—————
SiInX  sin“ x

sinx
2 _ 2 2
11. D, (x°cosx)=x"D,(cosx)+cosx D, (x")

= —x2 sinx + 2xcosx

_ (X" +1)D,(xcos x +sin x) — (xcos x +sinx)D, (x* +1)

x*+1)°

_ (Jc2 +1)(~xsinx+cosx+cosx) —2x(xcosx+sinx) _—x"sinx—3xsinx+2cosx

(x® +1)?
13, y= tan’ x = (tan x)(tan x)
y'=(tan .1:)(sec2 x)+(tan x)(sec? x)

=2tanxsec’ x

110 Section 3.4

(x2 +1)?
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14, y= sec® x = (sec? x)(secx) 20, y= tan’ x = (tan x)(tan x)

y'= (sec2 x)sec xtan x +(sec J:)(sec2 x)' y'=(tan x)(sec2 x)+(tan x)(sec2 x)
=sec3xtanx+secx(secxsecxtanx =2tanxsec2x
+secxsecxtanx) Now, sec? x is never 0, but tanx =Qat

= sec? xtan x + 2sec’ xtan x x = km where k is an integer.

=3sec’ xtan x 21, y=9sinxcosx
15. Dy(cos x) = —sin x y' =9[sin x(—sin x) + cos x(cos x))
Atx=1: my, = -sinl = -0.8415 =9[sin2)c—cos2 .\']

y=-cos I =0.5403

Tangent line: y — 0.5403 = —0.8415(x - 1) = 9[—005 2]

The tangent line is horizontal when y' =0 or, in

16. D (cotx)= —csc x this case, where cos2x = 0. This occurs when

Atx= n My, = -2 x= %+k% where k is an integer.

y=1

- 22. f(x)=x-sinx
Tangent line: y—1 =—2(x—z) ['(x)=1-cosx
f(x)=0 when cosx =1;ie. when x=2kz

17. D, (30cos2t) = 30D, (cos’ ¢ —sin® 1) where k is an integer.

=30[cos¢ D, (cost)+cost D, (cost) — D,(sin2 1)] iﬂi;l:_ 2 when x = (2k+1)z where k is an

= 30{-2sint cost —sin¢D, (sint) - sintD,(sin )]

=30{-2sinfcost —2sintcos!] 23. The curves intersect when /2 sinx =2 cosx,

=—60 sin 2 sinx=cosxatx=%for0<x<-72£.

s b1
At t ==:;-60sin| 2-— |=-60 ft/s
4 ( 4) Dx(ﬁsinx)=\/_2_cosx; 2cos§=l

The seat is moving to the left at the rate of 60 fvs.

i i D,(\/iCOSX):— 2sinx; — 25in£=—[
18. The coordinates of the seat at time ¢ are 3

(20 cos £, 20 sin ¢). 1(-1) = -1 so the curves intersect at right angles.
24, v= D,(2sint) = 2cos!

At =0:v=2cm/s
=(17.32, 10) (=7:v=0cmss

a. (20cos%.205in%)=(10\/§,10)

b. D{20sin)=20cos! t=r:v=-2cm/s

Att =%:rate = 20cos% = 10«/5

=~ 17.32 ft/s
¢. The fastest rate 20 cos 7 can obtain is
20 ft/s.
19. y=tanx
y'= sec’ x

When y=0,y=1tan0=0 and y'=sec20=l.
The tangent line at x=0is y=x.
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28S.

27.

sin{x + h)2 —sinx?
h

Dx(sinxz) = lim
h—0

. sin(x2 +2xh+h’ }—sin x*
= lim
h—0 h
= lim sin x* cos(2xh+ h*) +cos x* sin(2xh + h*) = sin x? lim sin x2[cos(2xh + h%) - 1]+ cos x* sin(2xh + h?)
h=+0 h h—0 h
. . 5 cos(2xh+h?)-1 2 sin{2xh + h?)
= hm2x+Ah)|sinx”™ —m—m——————+ fe——| = sin x2 - 2= 2
h—0 [ 2cht b STht i 2x(sinx” -0+cosx” -1) = 2xcos x
. . sin(5(x+ h))—sin5: — —
26. D, (sin5x) = llm}) sin(3(x+ ;)) Snox = OA2 cosésin%+%n0A2 sin? L
11— 1 Z
s el o —
= lim Sin(3x + 3h) - sin 3¢ =04 sin L(cosi +lnsin Lj
h—>0 h 2 2 2 2
= lim sin Sxcos5h+cos5xsinSh-sinSx D_ cos%
h—0 h E ——: [
. . . _CO0s5h-1 sin5h cos3+3 TSy
= lim|sinSx——+cosSx——
h—0 h h . ]
cosSh—1 sinSh m == -
= lim [5Sin51’ib—_—+5C055.\' - 1-0* 1+0
h—0 Sh 5 i 2 cos(t/2)
=0+5cos5x-1=5cos5x "“_E“ m T .
e - cos(1/2)+35m(t/2)
sin xp = sin 2xg 0
sin xg = 2sin Xy oS X =—”=O
1 0+—=
cosxg = 3 [if sinxg # 0] 2
T 29. fix)=xsinx
Xg = g
D, (sin x) = cos x, D,(sin 2x) = 2cos 2x, so at xg. Al
the tangent lines to y = sin x and y = sin 2x have A
1
slopes of m = B and m, = 2(—%) =-],
respectively. From Problem 40 of Section 2.3,
tan @ = —2 " where @is the angle between
L+ mymy
—i-4 -3 .
the tangent lines. tanf = 1—2 = _l_2 -3, b. fix) =0 has 6 solutions on [,67]
1+(§)(-1) 7 S'(x) =0 has 5 solutions on [7,67]

112

so @ =~ —1.25. The curves intersect at an angle of

1.25 radians.
1 38 =0asint
2 2

1 — t — =2 1t
D=—0Acos—-AB =04 cos—sin—
2 2 2 2
E = D + area (semi-circle)
PR —_\
=04 cosisini+ln(l AB)
2 2 2 2

Section 3.4

c. flx)=xsinxis a counterexample.

d. The maximum value of | f(x)- f'(x)| on
(7.67] is about 24.93.

30. xg=1.95
S[(xg)=-124
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3.5 Concepts Review
1. Du: f'(g(thg'(t)
2. D,w,G'(H(s)H'(s)
3. (SRS

4. 2x cos(x2 );6(2x + 1)2

Problem Set 3.5

1. y=u15 andu=1+x
D,y=D,y Dyu
= (15u")(1)
=15(1+x)"

2. y=u5 andu=7+x
Dyy=D,y-Dyu
= (5u'X1)
=5(7+x)°

3. y=u5 andu=3-2x
D,y=D,y-Dyu
= (5u*)=2) = -103-2x)*

4. y= u' and u=4+2x°
ny = Duy'Dxu
= (7ub)(4x) = 28x(4+ 2x%)®

5. y= u'and u=x*-2x% +3x+1
D,y =D,y-Dyu
= (1 1'0)3x2 - 4x+3)
= 11(3x2 —4x+3)(x* - 252 +3x+1)'°

6. y=u'0l andu=x" —5x° +mx+1

ny = Duy'Dx“
= (101! ®)(5x* —15x% + )

=101(5x* ~15x% +m)(x® - 5x° + mx + 1)1

7. y=u]“ andu = x> —2x% +3x+1

D,y=D,y-Du
= (111'19)3x% - 4x+3)

= 111(3x2 - 4x+3)(x* - 2x% +3x+ )0
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10.

11,

12.

13.

14.

15.

y =u" andu=x*-x+1
D,y=D,y-Dyu
= (Tu"¥)2x-1)
= 72x-Dx2 -x+1)78

y= u andu=x+3
Dyy=D,y:Dyu
5

= (=5u8)(1) = -5(x+3)° = - ——
(x+3)

y= u? andu=3x* +x-3
D,y=D,y-Dyu
= (-9~ '0)6x+1)
= —9(6x+1)(3x> +x-3)71°
_9(6x+1)

(3):2 +Xx— 3)10

y=sin u and u=x*+x

Dyy=D,y-Dyu
=(cos u)(2x + 1)
= (2x+1)cos(x? +x)

y=cosuand u =3x%-2x
Dyy=D,y-Diu

= (—sin u)(6x - 2)

= «(6x—2)sin(3x* - 2x)

y=u3 and w =cosx
Dyy=D,y:Dyu
= (3u2)(—sin x)

= -3sin xcos® x

y=u4,u=sinv, and v =3x?
D,y=D,y-Dyu-Dv

= (41 Y(cos v)(6x)

= 24xsin’ (3):2 ) cos(3x2)

y=u3 andu=x‘H

x-1
D,y=D,y-Dyu
x=-DD (x+) - (x+1)D,(x-1)
(x-1)?

=3(x+1)2 -2 ) __6(x+1)?
x=1) | (x-1) (x-n*

- au?)!

Section 3.5
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x_z =(-—31(.4).(x-n)Dx(x_z)_(x-z)Dx(x—n)
X-T (_\-_n)2

=_3(x—2J“‘ @-m) __ (-m)

x-n) (x-m?  (x-2)

16. y=1f3 and u =

Dyyv=D,y-Du

2
+(2-m)

3x2

17. y=coswuand u=
x+2

e 20 a2 .
Dy=D,y-Du =(-sinu) (x+2)D, 3x7) - (Bx")De(x +2)

(x+ 2)2
B (B € ) (2 B €0 ) N S g L O
x+2 (x+2)? (x+2)2  lx+2
x2
18. y =i u= cosv, and v = —
-X

(1-0)D, (x*) - (x*)D, (1- %)
(1-x)?

2 2 2 2 2 2
= _3cos? x sinl (1—x)(2x)—(7x =D _ -32x-x )cosz X ainl X
1-x 1-x (1-x)? {1-x)? 1-x 1-x

19. D [(3x-22(3-x*)*1=(3x-2)2D, (3-x2)? +(3-x*)*D, (3x-2)?
= (3x-22(2)3-x*)(=2x)+ 3 - x})?(2)(3x - 2)(3)
=203x-2)3 - xH)[(3x - 2)(=2x) + 3 - x2)(3)] = 2(3x—2)(3—x*)(9 + 4x - 9x?)

D,y=D,y-Dyu-Dyv =(3u’)(-sinv)

20. D,[(2-3x3)*(x" +3)*1=(2-3x1)* D, (x" +3)’ +(x” +3)° D, (2-3x%)*
=(2-32)0)x7 +3)2(7x8)+ (27 +3)3(@)(2-3x2 )P (-6x) =3x(3x% - 23 (x” +3)2(29x7 -14x° +24)

1L D l:(x+l)2J=(3x—4)Dx(x+l)2—(x+1)2Dx(3x—4) _ Bx-4Q)x+ (1) - (x+1)*(3) _ 3x* -8x-11

3x-4 (3x-4)? (3x-4)° (3x-4)?
_(x+1)3x-11)
T @Bx-a)?
2 D [ 2x-3 ] _ (2 +4)2D, (2x-3) - (2x-3)D, (x> + 2)*
(e +4)? (x2 +4)
(P +4)2(2)-(2x-3)2)(x2 +4)(2x) _ —6x2 +12x+8
- (x2 +4)* T2 +a)

3 2
2. D,(3’-2-J =3(3f—2] (t+5)D,Gr-2)=Gr- 2D, +5)
{+5 t+5 (,+5)2
=3[3’"2]2 (+5)3)-(3r-2)1) _513-2)°
43 (1 +5)? t+5)°

D s2-9| (s +4)Dy(s? =9) - (s> ~9)D; (s +4) _ (s +4)(25) — (s = 9)(1) _ s2+85+9
* (s +4)? (s +4)2 (s +4)2
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27.

28.

29.

30.

31.

32.

33.

34.

o |G- 2P ) _+5)D G- -(r- 2’ D, (1+5) _ (1+5)3)B -2 3) -3 -2’ ()
I r+5 (t+5)? (t+5)

_(61+47)3 - 2)°
(t+5)*

Dy (sin3 6)=3 sin? Bcos@

D ( sinx )3 _ 3[ sinx )2 (cos 2x) D, (sin x) - (sin x) D, (cos 2x)

X
cos2x cos2x c052 2x

N2 o . L3
_3( sin x ) cosxcos2x+2sinxsin2x _ 3sin? xcos xcos 2x +6sin’ xsin 2x
cos 2x cos? 2x cos* 2x

_ 3(sin2 x)(cos xcos 2x + 2sin xsin 2x)

cos? 2x

Dy[sint tan(: +1)] = sin¢ D, [tan(s? +1)] + tan(t? +1)D, (sin?)

= (sinn)[sec2 (12 + 1)](2¢) + tan(r? + ) cost = 2tsinssec? (£ +1) +cost tan(t? +1)

241) (x+2)D, (x* +1) - (x* + D, (x +2)
x+2 (x+2)?

f(x= 3(

2
_of # 2t rax-x2 -1 3(xP+ )P +4x-1)
x+2

(x+2)? (x+2)*
£'(3)=9.6

G'(1)=(2+9P D2 -* +(2 -2)* D,(1? +9)® = (2 +9P(@)(12 -2} 20+ (2 -2 3)(? +9)2 (21)

=20(712 +30)(¢% +9)% (1% - 2)°
G'(1) = -7400

F'(1) =[cos(t? +31 +1)](2t +3) = (2 +3)cos(t® +3t+1)
F'(1)=5cos5=1.4183

g'(s) = (cos ns) Dy (sin2 mis)+ (sin2 ns)D; (coss) = (cos ns)(2sin ns)(cos ns)(w) + (sin2 7s)(—sin ns )(7)

= nsin ns[2 cos? ms — sin? 7is]
(-
€12
D,([sin“'(x2 +3x)]= 4sin® (x2 +3x)D, sin(x2 +3x) = 4si1131(Jc2 +3x) cos()c2 +3)c)DI(x2 +3x)

= 4sin> (% +3x)cos(x® +3x)(2x +3) =4(2x+3)sin’ (x* +3x)cos(x* +3x)

D,[cos’ (4t —19)] = 5cos* (41 - 19)D, cos(41 —19) = Scos* (41 — 19)[-sin(4¢ —19)1D, (41 - 19)
= —5cos® (41— 19)sin(4r — 19)(4) = -20cos* (41 —19)sin(4r - 19)

. D, [sin3 (cost)]=3 sin® (cost)D, sin(cost) =3 sin? (cost)cos(cost)D,(cost)

=3sin? (cost)cos(cost)(—sint) = —3sint sin,2 {cost)cos(cost)
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36. D, cos4(u+l) =4cos3(u—+l-)Du cos[“—”) =4cos3(u+]) —-sin ﬂ D, ﬂ
u-1 u-1 u-1 u-1 u-1 u—1
u+l)sin(u+1J(u—l)Du(u+l)—(u+l)Du(u—1) __ 8 Cos;(u+l]. (u+1)

sin
(u-1)>° (u-1)> u—1

= —4cos’ (

u—1 u-—1 u—1

37. Dy [cos4 (sin 6* )= 4cos3(sin a? )Dy cos(sin 6> y =4 cos3(sin 6> J-sin(sin o’ )1Dg(sin 6’ )
= —4cos’ (sin 02)sin(sin 0? )(cosO2 YDy (02) = -80cos” (sin 6? )sin(sin 0> )(cos o’ )

38. D [xsin?(2x)]= x D, sin? (2x) +sin? (2x)D,x = x[25in(2x)D, sin(2x)] +sin? (2x)(1)
= x[2sin(2x) cos(2x) D, (2x)]+sin?(2x) = x{4sin(2x)cos(2x)]+sin?(2x) = 2xsin(4x)+sin2(2x)

39. D, {sin[cos(sin 2x)]} = cos[cos(sin 2x)]D, cos(sin 2x) = cos[cos(sin 2x)][-sin(sin 2x)]D, (sin 2x)
= —cos[cos(sin 2x)]sin(sin 2x)(cos 2x}D, (2x) = -2cos[cos(sin 2x)]sin(sin 2x)(cos 2x)

40. D, {cosz[cos(cost)]} = 2cos[cos(cos1)]D, cos[cos(cost)] = 2cos[cos(cost)]{—sin[cos(cost)]}D, cos(cost)
= -2 cos[cos(cos)]sinfcos(cos?)][-sin(cost)]D, (cost) = 2cos[cos(cost)]sin[cos(coss)]sin(cost)(—sint)

= -2sint cos[cos(cos¢)]sin[cos(cos)]sin(cos?)

41, Doy=(2+1P’D.x* + )2 +(x + )20 (2 + 1)} = (2 + 1P Q) + 1)@ + (2 +1)2(3)(x? +1)(2x)

=83 (2 + P (et + )+ 6x(x? + ) +1)2
Atx=1: my, =224
Tangent line: y — 32 =224(x - 1)

2 2 2 . 2
42. a. X + 2] = dcosx + Tsin2 =cosz2t+sin22t=l
4 7 4 7

b. L=y(x-02+(—0)2 =yx2+3? =(4cos2)?+(Tsin2r)? =16cos? 2 +49sin’ 2

1 32cos 2t D,(cos 2t) +98sin 2t D, (sin 2t)

¢. DL= - D,(16cos? 2t +49sin” 2) =
W16cos? 2t +49sin? 2 2/16cos? 2t + 49sin? 2/
_ —64cos2ssin2¢+196sin2tcos2t  —16sindr+49sindr 33sin 4
2\/16cos2 2t +49sin” 2t \/16cos2 2t +49sin? 2 \/l6cosz 21 +49sin? 2t

At ¢ =E: rate =———33—— = 5.8 ft/sec

’ | 1

43. a. (10cos8xt.10sin8xr) b. (0—cos2t)? +(y—sin27)? =52, so
b. D,(10sin8m) = 10cos(8rt)D, (8r) y=sin20+V25-cos? 2t
= 80n cos(8nr)
Atr=1:rate = 80x =251 cm/s c. D (Sin 2t +25—cos? 21)

P is rising at the rate of 251 cmvs. .
=2c08 2t + ———=—————x-4c0s2!sin 2t

44. a. (cos 2, sin 27) 2325 —cos? 2t

= 200521[1+——Sl—n2t—-)

V25— cos? 2t
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45. 60 revolutions per minute is 1207 radians per
minute or 27 radians per second.

a. (cos2mi,sin2xt)

b. (0—cos2n)? +(y-sin2m)® =52, so

y=sin2n + V25 - cos? 2m
c. D, (sin 27t + V25 - cos? Zm)

= 2ncos 2t

1 .
————— 4 cos 2RI sin 21t

2325 - cos? 2m
in?
=271 Ccos 2nt{l +—Sl%—]
V25 —cos® 2mt

46. V()= %ﬂ[r(t)]z

V()= 4x[r(0] r @

Let ¢, be the time when r=6.

V'(ty) = 4n -6 -0.75 52,

=1087 cm’/sec

47, V()= in[r(z)]’

[ r )] 3V(t)

3V (@)
r(’)_( 4r )

. w3,
ri(t) = 3[ 4”] V()

Let 1, be the time when V' =60.
) = 3 60 213_]_.3

0 47t 4

= 0.0405 cm/sec

53.

y=\/; and u = x*
Dyy=D,y-Du
! Irl

2x =
2\/—_

xz -1

xz—-]

2xlx2 - l]

=
x° -1

48,

2u

49. D (x2-1)

2
X —]l—

=

xz—

2x) =

Instructor's Resource Manual

50.

- SUUTOMY

b. D|Sln |—| |D(mx)

_ Ism Xl

—— cos x = cot x]sin x|
sin x

X x+1 X
. DL = D
v ol )= ()

(x+l](x+l)Dxx-xDx(x+l)

X (x+l)2
Cox+l 1
x(x+1)?  x(x+1) PZix

b. D,L(cos“ x) = sec? xD, (cos* x)
= sec* x(4 cos® x)D,(cosx)

= 4sec* xcos’ x(—sinx)
=—4secxsinx =-4tanx

=SSO0
S S-S (O) /(0
=2.2.2:2=16

Letg(x)=-x.50 g'(x)=-1

Suppose f{x) is odd. Then —flx) = ff =g(x)). Take
the derivative of both sides.

-f'(x)= f(g(x)g'(x), so

—f'(x)=-f'(=x) or f'(x) = f'(—x). Thus, the
derivative is an even function.

Suppose f{x) is even. Then f{x) = f{g(x)). Take the
derivative of both sides. f'(x) = f'(g(x))g’'(x),
so f'(x) =—f"(-x). Thus, the derivative is an
odd function.

S = 1)) =-f(-%)

If f{x) is odd, then —f'(-x)=—/f'(x) is even.

If flx) is even, then —f'(-x) = f'(x) is odd.

fx) = sin(sin(sin(sin x)))

a. fv
06
3
~Q.
-0.
-0,
Qdd function

fl=x) = sin(sin(sin(sin(-x))))
= sin(sin(sin(-sin x))) = sin(sin(-sin(sin x)))
= sin(-sin(sin(sin x))) = —sin(sin(sin(sin x))

Section 3.5 117



b. fin)

AAA
[T

Even: the derivative of an odd function is

even.

c. Largest value of f{x) = 0.678

d. Largest value of | f'(x)| =1

54.  f(t)=cos(s’ -3r)

a, 4

N [
(VA

3.6 Concepts Review

1. Increment;

s Ble
8 |&

2, f'(x);D.y;—
S i
dy du
du dx

dw dt ds

dt ds dr

Problem Set 3.6

1. Ay=[3(1.5)+2]-[3(1)+2) = 1.5

2. Ay =[3(0.1)2 +2(0.1)+ 1] - [3(0.0)> + 2(0.0) +1]

=0.23

3. Ay=—— > 20,0081
23141 234+1

4. Ay =cos[2(0.573)] - cos[2(0.571)] = -0.0036

118 Section 3.6

Even function

f(=1) = cos[(~1)’ =3(-1)]
= cos[—t3 +31]

= cos[~(r* - 31))

= cos(t3 -3

b. fw

22 21 1 T
225 !

0Odd
The derivative of an even function is odd.

c. Largest value of f{r) = 1

e

Largest value of | /'(1)| = 8.53

Ay _ (x+Ax)? -x%  2xAx+(av)
Ax Ax  Ax

2x+ Ax

d_y= lim (2x+ Ax) = 2x
Ax—0

Ay _ [+ Ax) -3+ A0 )- () -3¢%)

Ax Ax
_ 3x%Ax+3x(Ax)? - 6xAx - 3(Ax) +AF
Ax

=3x2 +3xAx — 6x — 3Ax + (Ax)?

Y _ lim (3x? + 3xAx - 6x — 3Ax +(Ax)?)
dx Ax—0

= 3x2 —6x

S Y _mamisEa
Ax Ax
[x+l-(x+Ax+]) 1
'( (x+A.r+l)(x+l))(E)
_ _Ax
T (x+Ax+ D)(x + )Ax
1
Tlx+Ax+)(x+1)

y [ I ] 1
— = lim |- =
dx  ax-0| (x+Ax+1D)(x+1) (x+1)2
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10.

11.

12.

13.

14.

15.

Ay _ G+ar +(x+an? Pt |1
Ax

Ax (x +Ax) %
{3
x+Ax x J\ Ax
_ -Ax _ 1
x(x+ Ax)Ax x(x+ Ax)

Y fim | -—— =——1,—
dx Aol x(x+Ax) x°

L8 d du = (2u)(cosx) = 2sin xcos x = sin 2x
dy  dudx
b _dydu_ oo G DO-00)
dx dudx (x+1)

( 1 ) ! 1 ( 1 J
= —SsIn - 3 = _,sm

e+ (x4 ) (@1 \x]

y=tanuemdu=x2
% = %% = (sec? u)(2x) = 2xsec? (x%)

y= u* and u=tanx

& _dydu_ (2u)(sec? x) = 2tan x sec? x
dx dudx

2
x°+1
y=u4 andu =

COs X

dy _dvdu _ (43) (c0s x)(2x) — (x* +1)(~sinx)

dx dudx COSZ X

2 3 . 2 .
-4 x“+1 2xcosx+sinx+x“sinx
cosx cos? x

2

_ 4():2 + l)3 (2xcosx +sin x+ x* sinx)

COS5 X

y=u3 andu=(x2+l)sinx
& _dydu
dx dudx

= [(x2 +1)sin x]2 (3.1'2 cos x +3cos x + 6xsin x)

= (3u2)[(x* +1)(cos x) + (sin x)(2x)]

dy

T = cos(x2 )zdx-(sin2 X)+ sin?

xi[cos(x2 )]

=cos(x2) sin xcos x +sin ,\[ sm(x (2x)

=sin 2xcos(x“) ~2xsin® x sm(x )
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16.

17.

19.

20.

21.

22.

L y=sinu,u=v

dy (Feng (Pt - et Lt 4
E= (r +1) 2
(x +1)4(A +2\) (3x +2)- (x +7r) (4x )
(x* +1)2
a3 (P42 (22 300 +2)
- (x4+l)2

y= o’ ,u=siny,and v= X243
ay _ dy du dv
dx  dudv dx
= 4sin’ (x +3) cos(x2 +3)(2x)

= (du )(cos v)(2x)

=8xsin’ (x2 +3) cos(.\'2 +3)

4 2
andv=x"+3

& _& d“d = (cosu)(#17)(2x)

dx  dudv
=8xcos[(x +3) ](x +3)

2

)
y=u2,u=cosv,andv='12+'
x* -2
dy _dy dudv
dx dudvdx
2 242)2
_ (zu)(-sinv)(* 2)(2x) (x +2)(2x)
x° =2 X
16x cos*+2 o 242
= S
x2-22 \¥%-2 x2—2
y=t2 ¢ =sinu,u=v>,v=cosw,and w=x?

dy dy dt du dv dw

dx  dt du dv dw dx
= (2r)(cosu)(2v){—sin w)(2x)

=-8x sin(cos2 (x2 )] cos(cos2 (x2 ))(cos(x2 ))(sin(.\-2 )
= -8x cos(.t2 ) sin(x2 ) sin(cos2 (x2 ) cos(cos2 (x2 )

d . . 2 .
z(sm3 1 +cos> )= 3sin? rcoss +3cos’ t(-sint)
4

= 3(sin2 1 cost —sintcos’ 1)
243 =52 +3)7]

ds

=3(s2 +3)2(25) - (32 +3) 7 (29)
=6s[(s% +3)2 + (s> +3)™)
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23,

25.

26.

27.

28.

29,

120

D, [n(r+3) = 3nr(r +2)%]

= 2n(r +3)(1) = [3nr(2)(r + 2) + (r + 2)*(3n)]
=2nr+6n—6mr% —12nr - 3072 — 12— 121
=92 - 22mr—6n

. D [u3 +3u]= 3u2D,u +3D,u

=3(%)2 (20) +3(21) = 61° +6¢

3
) =4(x+l) [+ (=D)x2]
X

(-3

, 5V (3) 1500
f(”—“[;) (2)__32—_46'875

F'()= cos(t2 )(cos 3t)(3) + (sin 3¢)[- sin(t2 )(21)]
=3 cos(t2 )cos3t)—2t sin(t2 )(sin 3¢)
F'(0)=3

a. (f+2)B)=S")+gB)=-1+(4)=-5

b. (f-8)3)=s3)g'3)+gB)f'(3)
=(2)-4)+C)}-DH=-11

g3) /' 3)-/3)g'3)

c. (f/g)3)= -
223

_QED-H 5

(3)? 9

d (f28)®)=S(BN-gB)
= f'0)-8' ) =14 =4

a. %[f(x)f SR S
Atx=2, 3 f Q)P f(2) = 3(4)*(-2)=-96

i[ 3 ]= FEXO-310) _3f(x)
s/a] - fo e
Atx=2, _iz'@=_3(-22) _3
ff@ @ 8

c€. (o N@=U@NSR=SDf Q)
= (6)(-2) =-12

a. (f+8)@)=f(H+g'4)

x—+—=2

| —
oW

Section 3.6

30.

31.

32,

33.

b. (f<g)(6)=f"(g(6))g'(6)
= f'(2)g'(6) = (I)(-1)=-1

2 /(2 - f(2)g'(2)
g2

a. (f/eY@)=

. (H-03)0) _,
1?2

b. (oY) =g'(S3NS'(3)
[PPRPYPR ) PR )
—g(4)f(3)~(2J(l) >

a. V=5 wheresisthe length of an edge of
the cube. dd*; =16 cm/min.

v _avds

dt ds dt

When s =20,

‘fi_’: = 48(20)% =19,200 cm3/min.

= (3s2)(16) = 48s% cm® /min.

b. A= 652 cmz.

dA  dA ds 2/ .
—_——_—= 12 16 =]92 .
i (125)(16) scm /mm
When s = 15,

‘2—’:‘ =192(15) = 2880 cm?/min .

D =(200? +(126)* =400/ +1441

= 54412 = 1544
D, (¢+/544) = /544 ~ 23.3 mph at 1= 3 and
t =6 hours

% = (x2)(2)sin(x?) cos(x? )(2x) + 2xsin® (x?)

=4x° sin(x2 ) cos(x2 )+ 2x sin? (x2 )

At x= %””tan =2r = 2.507

_n
Y=

4 ,n
Tangent line: ——=2r| x-,[—
g y 2 ( 2]

The line intersects the x-axis when

I 2nx—-m
2
I 2nx
2
J2n
sz
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34.

35.

36.

37.

The minute hand makes | revolution every hour,
so at ¢ minutes after the hour, it makes an angle

of 3% radians with the vertical. By the Law of

Cosines. the length of the elastic string is

s= \/102 +102 —2(10)(!0)cos%

= 10"2—2cos~-1E
30

g = LUUSEN LU S @S SE) (%)
&) =SS EMMN LU EN L @) ()
= SN L) S (%) (x)

= (X)) f(x)-f(x2) S'(x)

= L) NS X)) =1 () ()P

g'x2) = FUUSEM LSS [ f(x)
= LSS LU @) fx) f(x2)

= f'(f(x2)): f'(x2)- (=) f'(x2)

= ['00) S () S ) S (x2) = [ () f ()

a. f(x)=x (cos—l—)(——lz—) +(sin l](Zx)
X x X

1 1
=-cos—+2xsin—
x x

f(0+h) IAQ)

b. f'(0)= P
.hzsinZ—O R
= lim ——2——=lim Asin—=0
h—>0 h h—0

¢. f'(x) is discontinuous at x = 0 because

1
lim f(x) does not exist. lim 2xsin—=0
x—0 x=0 X

1 .
but cos— oscillates between —1 and |
x

increasingly rapidly as x — 0.

The minute hand makes | revolution every hour,
so at t minutes after noon it makes an angle of

% radians with the vertical. Similarly, at ¢
minutes after noon the hour hand makes an angle
of ;TIO with the vertical. Thus, by the Law of

Cosines, the distance between the tips of the
hands is

Instructor’s Resource Manual

38.

—-10

di 5° 3_0

2,/2 2cos£’-

7rsm

3, /2 2¢cos & ;‘(’)
At 12:15, the string is stretching at the rate of

inZ
nsin 3

3f2-2cos3 3 \/_

x0.74 cm/min

= 62+82-2-6-8cos("—’-"—’)
30 360

1’100 96cos“—m
360

ds 1 d4n | 1l
&S] w15 360
2,/100-96¢cos - 360
1ime
22msin 36’6
st
15\/100 96cos o2& 36})
At 12:20,
d 22nsin Lz
df 18__ ~0.38 in/min
in
15,/100 - 96 cos 11t
22nsin LmL
From Problem 37, — ds 360
dt Ume
15J100 96 cos Lzt

Using a computer algebra system or graphing
. . ds ds

utility to view — for0<r <60, — 1 5
ility to view o or » 1s largest

when ¢ = 7.5. Thus, the distance between the tips
of the hands is increasing most rapidly at about
12:08.

Section 3.6
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39
: fx) 1
( % )) (f( T ))

=D, (£ (g™
= f(0)D, ((g)™)
+(g(x)"' D, f(x)
= f(x)-(-1)N(g(x) D,g(x)
+(g(x)™' D f(x)
= —f(x)g(x))” D, g(x)
+(g(x)"' D f(x)
_=f()Dgx) DJ(x)
g’ (x) g(x)
~f()D.g(x)  g(x) D.f(x)

g% (x) g(x) gx)
~/()D;g(x) | gD,/ ()
g’ (x) g (x)
_ 8D f(x) - f(x)D,g(x)
g'(x)

40. a. % = ) @)

=f (f“') - fM(x)

3.7 Concepts Review
3
L £ 0.0 5

ds| d’s
dr|’ dr?

ds
Cd’

3. 0;<0

4. positive; negative
Problem Set 3.7

L Y32 46x+6
dx

122 Section 3.7

b, %ﬁ”=f'(f(f(x)»-f'(f(x»-f'(x)
=f’(f“’(x))-f'(f“](x))-%f“’(x)

- f‘(fm(x))-%f”‘(x)

e L= ST E S YU )
SN L)
AT AT ARE)))
LU SN0

= £U(0)) -%f”‘(x)

d. Conjecture:

_i n} — £ n-1) .i n-1]

dxf* x) = £ N) dxﬂ (x)
Proof Applying the chain rule gives

%f”””(x)=if(f‘”(x))

=f (f[“(x)) MHx)

Q=5x4+4x3
a2y 03,2

T = 20x” +12x
dx

3
Q = 60x% +24x
dx3

) %’ =303x+5)2(3) = 9(3x + 5)°

2
i;— =18(3x +5)(3)=162x+270

. %’ = 5(3=5x)*(=5) = -25(3 - 5x)*

2
Zx—-—IOO(3 Sx) (-5)=50003- 5x)

3
d—— 15003 - 5,1) (-5)=-7500(3 - 5x)
dx®
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5. Q = T7cos(7x)
dx

2
d—g' = 72 sin(7x)
dx
3
d—gv =_73 cos(7x) = -343cos(7x)
dx

6. -dl =3x? cos(x3 )
dx

2
% =3x? [—3x2 sin(x3 )]+ 6x cos(x3) = -9x* sin(x3)+ 6x cos(x3)

3
d—g’ = —9x* cos(x?)(3x2) +sin(x> J(=36x> ) + 6x[—sin(x>)(3x? )] + 6 cos(x>)

=-27x° c:os(Jc3 ) - 36x° sin(x3) -18x° sin()c3 }+6 cos(x3) =(6- 27x8 ) cos(x3 )- 54x° sin(x3)

5 & _(-HO-OO | 10, f/(x)=15x% +4x+1
dx (x-1)? (x-1 fr(x)=30x+4
d’y _ (x-D}O)-2x-1)_ 2 f2)=64
a? - -1
By _@-D0)-23(x- 1] 11. f’(r)=—32
ad (x-1)° 4’
___ 6 ff= 1—3
x-1* o 41
Sr@=g=3
o & _(-03)-00)__ 3
dx (1-x)? (x-1y? 12, =800 i) 204 2
d’y _(x-D’@-32(-D]___ 6 ' B (5-u)?  (5-u)?
dx? x-1* (x-1y L (5-w) (20— 4u) - (201 - 2u2)2(5 —u)(- 1)
Ly (x=1P(0)-63)x -1 /= G-’
dx® (x-18 _ 100
__18 (5-uy
(x-1* . 100 100
f (2)=—33—=E

9. f'(x)=2x; f"(x)=2;"2)=2

13. f(8) = —2(cosfn) ™ (—sinfm)n = 2n(cosOn) > (sin fn)
£7(8) = 2n(cos ) (m)(cos ) + (sin Br)(-3)(cos ) (=sin Bm)(m)] = 2n2[(cosfn) 2 + 3sin® r(cos ) ~* ]
£7(2) = 22 [1+3(0)(1)] = 2n2
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. f@)= lcos(z)(—%}—sin (E] = (~£)cos(£)+sin (E)
1)\ ¢ t t t t
ro-(F( 5 E)A () ()
/@)= —%sin(gj = —% ~-1.23

15, f(s)=s(3)1-s2)2(-25)+(1- 7)) = —652(1-5)? +(1-57)® = =758 +155* —9s? +1
f7(s) = 425> +60s> —18s

Sf7(2)=-900
16 100 (x=12(x+1) - (x+1)? _ x? —2x:3
(x-1)? (x-1)°
) = (x=1*(2x-2) - (x* = 2x=3)2(x - 1) _(x-1)2x-2) —(x% -2x-3)(2) __ 8
(x-1* (x-1° (x-1)?
o= 1% -8
17, Dy(x")=m""! D! (1) _33)2)
D2(x")=n(n-1)x""2 * x
N
D3(x") = n(n-1)(n - 2)x""> Dy (l) = -(%
X X

D.f (x") = n(n=1)(n-2)(n-3)x"4
: 21, f'(x)=3x% +6x-45=3(x+5)(x-3)

DN (x") = n(n-1)(n - 2)(n-3)..2)x 3(x+5)(x-3)=0
Apony_ 0 x=-5x=3
_D_‘|(x Y=n(n-NH(n-2)(n-3)..2(1)x " (x)=6x+6
e S7-5)=-24
18. Letk<n. f(3)=24

DI (x*)= DI ¥(DE(+*)= D, (k) =0
©22. g()=a+b+c=5

s0 DMa,x"t +..+ax+ay]=0 g'(t)=2ar+b
3 g)=2a+b=3
19, a, Dx(3x +2x—19)=0 g'([)zza
"(1) = 2a =4
b. D?(00x'"' -79x'%) =0 f-(_)z ‘
1,2 a5 209+ b=3
c. DX (x -3) =0 b=7

=0
20. D, (l)=-i ¢

X x
23 ()=—=12-4
D? (l] =D Y=2P =2 & v
X x 2
DE(lJ:DX(zx-3)=_3_(42_) a)==—7=

124 Section 3.7 Instructor's Resource Manual



b. 12-4>0

4,(]2 26. a. v([)—z—6f —6
1<3; (—0,3) 22
a(1)=—,=121
c. 12-4t<0 dr”
t>3; (3,0) 2
b. 6°-6>0
d. a(f)=—4<O0foralls 6(1+ D(-1)>0
(—o0. -V (1, )
e. - < > 3,:?)
70 . . c. 62-6<0
0 18 (_l’ 1)
24. 2. w)=2-32 1 d. 12r<0
dt t<0
dis The acceleration is negative for negative 1.
a(t)=—2=61—12 o
d’ e. ’=l( =0 v
=0 . . t=-1
-, : )l
b. 3 -12t>0 ' B ]
31t - 4) > 0; (~0,0)U(4,0) ! 5 9 *
¢ 32-121<0 27. a. v(t)=——21-l—§)-
(0, 4) t
dis | 3
d. 6-12<0 a(t) = —-2 +
61<12 dr? !
1<2; (=oo,2
(—0,2) 6
b. 2t-—>0
=4 > 2
e. t
- o 3_16
v=0 27 -
a . ' . —>0; (2,)
-3 0

16
25. a. v(t)=£=312—181+24 ¢ 21-73<0:(0.2)

2 32
a(t)— —61—18 d. 2+T3-<0
5
2 %‘3‘ < 0; The acceleration is not
b. 3t°-18+24>0 ] )
3-2)(t-4)>0 negative for any positive ¢.
(—,2) U (4,) e it —
c. 3r%-18+24<0 L ]
2,4
ds 4
d. 6:-18<0 28. a. v(t)=d—=1__2
61<18 ” t
1<3; (—0,3) a(r):d;=%
N dt t
€ :;0 q =2
=0 > v=0 b 1__7> 0
I 1 1 5 Iz
0 16 20
2 p—
o400 2 w)
2
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29.

30,

31

126

c. l—i7<0; 0, 2)
2

8 .. .
d. 5 < 0: The acceleration is not negative for

t
any positive {.

=2
e. on(
]
4

0 85 3 152 v 24
dt

2
a(t)=d—;=612 -30r+24
dt
612 -300+24=0
6(1-4)(t-1)=0
(=4,1
wW4) =-16,W(1) = 11

ds 1, .3 2
N=—=—(41" —42t° +120¢
V(1) ar 10( )

2
any =25 = L 122 —84r+120)
d;z 10
152
E(lZz -84:r+120)=0

12
—16(1—2)(1-5)—0

t=2.1=5
v(2)=104,%5)=5

ds,
N=—"l=4-6¢
v(1) "
dSZ
N=—=2=2t-2
v (1) =
a, 4-61=2t-2
8r=6
3
{ =— SeC
4
b. |4-6l=|20-2]: 4-6r=-2t+2

1 3
t=— secand t =— sec
2 4

c. a-3%=1>-2

4’ —61=0
212t -3)=0

t=05ecandt=% sec

Section 3.7

32,

33.

34.

35.

v,(:)=%=9:2-24:+18

dS') 2
Vo(t)=—==-31"+181-12
2 (1) ”

92 —24r+18=-32 +18/-12
1202 —42¢+30=0

212—71+5=O
(2t-5)t-1)=0
5

t=1 =
2

a. v()=-32t+48
initial velocity = vy = 48 ft/sec

b. -32t+48=0

I_':}' SE€C
T2

c. s=-16(1.5)% +48(1.5)+256 = 292 ft

d. 161 +48:+256=0

48 J482 —4(-16)(256) _
32
The object hits the ground at ¢ = 5.77 sec.

-2.77,5.71

e. Vv(5.77) = —137 ft/sec;
speed = |-137| = 137 ft/sec.

w() =48 -3¢

a. 48-324=0
t=15

s = 48(1.5) - 16(1.5)> =36 fi
b. v(1)= 16 ft/sec upward

c. 48161 =0
~16((-3+1)=0
t=3sec

V(1) = vy - 32t
vp—32t=0

=%
32

2
vo (-3"%) - 16(;—;) = 5280

v 2 2
Yo Y0 _s2g0
32 64
2
Y0580
64

vo = V337,920 = 581 ft/sec

t
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36.

37.

38.

39.

40.

v(t) = vy +32

vo +32t =140
vo +32(3) = 140
Vo = 44

s=44(3)+16(3)? = 276 fi

wit) = 3% —60-24

32 _6r-24
i|3y2—61-24|=l . I(61—6)
! e -61-24
=w(6[_6)

(-d(+2)
|(r = 4)(¢ +2)| (61 - 6)
<0
(t-4)(t+2)
<=2, 1<t<4; (-o0,-2)U (1,4)

Point slowing down when
d

—Iv(t) <0

dt’ ( )l

d, o vofaw

Qs w0

|v(0)|a(r)
v(1)

signs.

< 0 when a(?) and w(f) have opposite

Let s be the distance traveled. Then % is the

speed of the car.

é = ks, k a constant
dt
2
b. d—; >0
dr
3 2
c. d—: <0, izi >0
dt ar
2
d. d—;— =10 mph/min
dt
ds d’s .
e. — and — are approaching zero.
di dr?

ds .
f. — isconstant.

a. (fi_'t/ = k <0, V is the volume of water in the

tank, k is a constant.

Instructor's Resource Manual

C.

41, a.

42. a.

ﬂ=3—l=2l gal/min
dt 2 2

2
Wy g0 dh

dr dt dr?

2

I(r) = k now, but d—l d——1—>0 in the future
dr d(z

where / is inflation.

2
P o bt LL 50 andatr=2: L >0,
di dr? dr

where p is the price of oil.

2
ﬂ > O,ﬂ <0, where T is David's
d dr?

temperature.

2
E > 0,‘1—C >0, where C is the car’s cost.
dt dtz

S(t) is oil consumption at time .
2
d_f‘. < u >0

bl

dr dr?

2
E >0, Q <0, where P is world
dt d(2

population.
2
ﬁ >0, Q >0, where @is the angle that
dt dr?
the tower makes with the vertical.

P =f{1) is profit at time ¢.
dP __ d*p
—>0,—«<

0
dt dr?

R is revenue at time 1.

R<0, d—R>0
dt

R(1) = 0.28,1< 1981

On [1981, 1983], — > 0, >0,
dt dr?

R(1983) = 0.36
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43. D (uv)=uw' +u'v
Df ) =w" +uv +u'v' +u'y
=w"+2u'V +u'v
Dg V) =™ +u'v" + 2V +u VY + vV +uy
=" +3u' v +3u"v +u"v

n

DI (wv) = Z[:)D;"" @)D§ ()

k=0

n
where ( k) is the binomial coefficient

n!

(n-k)kt
44, D¥(x*sinx)= (Z)D;‘ (x*)DY(sin x)
+[TJ D3 (x*)D! (sinx)+ [:pr(x“ YD (sin x)

+(:)D}, (*)D3(sin x)+(:)D2 (x*)D (sinx)

= 24sin x +96xcos x — 72x% sinx — 16x> cosx+x*sinx

3.8 Concepts Review

dy 1 2dy dy 2
3. x2y) 2 +y 43yt = -2L=3
x( y)! y Iyt T

4, Exp/q_]‘,%(xz—5x)2/3(2x-5)
q

Problem Set 3.8

1. 2yD,y-2x=0

2x x
ny ==
2y y

(5]
.

18x+8yD,y=0

-18x 9x
Dyy=——=-——
8y 4y
. xDyy+y=0
Dyy= -2
x

128 Section 3.8

45,

46.

b. f"(2.13)=0.027

2x+2a2nyy=0

2x x
Dyy=- =-

2a2y azy

X(2y)Dey +y* =1
_1-y?

D
xY 2

2x+2x2D,y+4xy+3xD,y+3y=0
D, y(2x? +3x) = 2x—4xy -3y

“2x-4xy-3
ny= 2xy y
2x°+3x

12x2 + 7x(2y)D,y+1y* =6y* D,y
12x% +7y* =6y*D,y—14xyD, y
1257+ 7y

ny— 2
6y° —ldxy

x*D,y+2xy = y* +x(2y) D,y
*D,y-2xyD.y=y* - 2xy

-2y

Dyy
* x2—2xy
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9. -(5xD,y+5y)+2D,y

1
2,/5xy
= 2yD,‘y+x(3y2)D_,cy+y3

Sx

25y
=) - 5y

25xy

3 _ Sy

Y 2:;51);
5 _ _ 2
2—\73";4-2 2y-3xy
y+,/y+ 1=xD,y+y

ny =

10,

2J'_

X
Dyy-xDyy=y-
2Jy+l * g

y-Jy+l

K — X
2J/y+l

Dyy=

11. xD,y+y+cos(xy)(xDyy+y)=0

xDyy+xcos(xy)Dyy =~y - ycos(xy)

12. —sin(0?)2xy Dy +y*)=2yD,y+1

~2xysin(xy?)D,y—2y Dey = 1+ sin(n/%)

1+ y? sin(xy?)
“2xysin(xy?) -2y

Dyy=

13. Jr3y'+3x2y+y3 +3xy2y' =0
Y +37) =37y -y’

, 3xly-y
x3+3xy2
36 9
At(L3), y=—2=_2
(L3 y'="2%="73

9
Tangent line: y—3= —7(x- 1)

14. 2Q2y)y +20% +4xy' +4y =12y’
y'(2x2y+4x—12)= —2.xy2 -4y

P-4y —xmt-2y
2x2y+4x—l2 x2y+2x—6
At(2, 1), y'=-2

Tangent line: y—1=-2(x-2)

Instructor's Resource Manual

D,y+2D,y-2yD.y-3xy* D,y

15.

16.

17.

18.

19.

20.

cos(xy)xy'+y) =y’
y[xcos(xy)-1] = —ycos(xy)
,_ —ycos(xy) _ _ycos(x)
xcos(xy)—1 1-xcos(xy)

T
At =.1],y'=0
(2 )y

Tangent line: y—1= O(x —-123)

y=1
y' +[-sin(y?))[2xy +y* ]+ 6x=0
11— 2xysin(?)] = y sin(o’) - 6x
,_ yisin(y?)—6x
l—2xysin(xy2)
At(]v 0)| y,=__?'=—6
Tangent line; y — 0 =—6(x-1)

2 3 2 -3,
—-x -2y'=0
3 3}’ Yy =
2 3 '(2 -1/3 )
—Xx =y'| - +2
3 y 3)’
2 .~1/3
y =3
%y-|/3+2

Tangent line: y+1= %(x ~1)

1, r 02
—y' 2y’ +y =0
2y
' 1 2
Y oty |=-y
(ZJ? }
v _ —}’2
l
+2
25
=12
At(4‘l)’y_ﬁ-—_ﬁ

Tangent line: y—1= —%(x -4)

dy g2, 1
dx 2x
dy _1 23 _q4,502 L g5

dr 3 e

Section 3.8
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)1, Qzlx—zn_lx-us: P
dc 3 3 a2 3Yx?
dy 1 -3/4 !
22, X ox+ )y s
dx 4 2Wx+1)?
23. % - %(3::2 —4x)4(6x~ 4)
_ 6x-4 _ 3x-2
A —ax®  2Y3a? —ax)®
dy 1 3 213442
24, —=—(x"-2x 3xc -2
i 3( )y )
25 d_y=i[(x3+2x)-2/3]
dx dx
2 3 573,92 6x” +4
== +2x)7 B3 +2)m ——
3 3\3/ (3 +2x)°
dy 5 -8/3 -8/3
26, —=-"(3x-9 3)=-5(3x-9
. 3( )Y 7(3) ( )
dy 1
27. —=—F——=——(2x+cosXx)
dx 2Vx? +sinx
_ 2x+cosx
2vx? +sinx
28. d_y=——-]—[x2(—sinx)+2xcosx]
dx 2Vx“cosx
_ 2xcosx - x? sin x
2\/x2cosx

29, % = %[(x2 sinx)™V3)

—4/3

I . -
= _5(12 sin x) (Jc2 cosx +2xsin x)

x2 cosx + 2xsin x

3%/(1'2 sin .)c)4

30. 4 = l(l +sin 5x)"3/4(cos 5x)(5)
de 4

Scos5x

44\/(1 +sin 5;\:)3

130 Section 3.8

31

33.

34.

3s.

dy _ [1+cos(x” + 2]/ *[=sin(x + 2x)(2x + 2)]
dx 4

o (x+ l)sin(.\'2 +2x)

) 2‘\'/[1 + cos(x2 + 2,\‘)]3

. -1i2 .

dy (xan2 x+sin’ Y (.’Ztanxscc2 X+ 2sin xcos x)
dx 2
_fan xsec? x+sinxcosx

\ﬂan2 x+sin® x

52 +231£+312 =0
dt

ds —32—312_ s2 432

dt 2st 2st

[ e V- L
ds ds

ﬂ(s2 +3r%) = -2s1
ds

o 2st

ds s2 432

dx 2 dx
l— 2 2-— 6.-_
cos(x”)(2x) y+ X »

& _ 1
dy 2x cos(x2 )+ 6x°

| I I I

(] i | I T T |
—5u 54

=5

2x+4+2y‘—i)—)=0
dx

dy | 2x+4_ x+2

dx 2y y
The tangent line at (xq, yo) has equation
Xg+2

y=-Yo=-— (x —xp) which simplifies to

Yo
2,1’0 1 R 2x- XX +y02 + 102 = (). Since

(xg. o) is on the circle, x02 +y02 =-3-4x,
so the equation of the tangent line is
-YVo —2xg - 2x-xx5 =3.
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36.

37.

38.

If (0, 0) is on the tangent line, then xj = —%.

Solve for y, in the equation of the circle to get

3 . .
Yo = iT. Put these values into the equation of

the tangent line to get that the tangent lines arc
\/5)'1'-.::0 and \By-x =0.

16(x2 + y?)(2x +2yy") = 100(2x - 23")
3223 +32x%yy' + 320y +32y°y' = 200x - 200y’
y’(4x2y + 4y3 +25y)=25x- 453 - 4xy2
y = 25x - 4x> — 4xy?
4Jc2y+4y3 +25y
The slope of the normal line = —l,

y
_ 4x2y+4y3 +25y
4x® +4xy® - 25x

65 13
At (3, 1), slope=—=—
(3. 1). slope =-2=3

Normal line: y-1= %(x -3)

a, xy'+y+3y2y'=0
Y(x+3y*)=-y
‘_ Y
x+3y2

b. 0"+ -yz + —yz +3y°y"
x+3y x+3y

2
+6y[ 'yz) =0
x+3y

3
.2 2.0 2Y 6y
xy +3y°y" - + =
x+3y2 (Jc+3y2)2
) 2 6y°
yilaedyty=—2s X
x+3y (x+3y°%)
. 2
y (X+3y2)=—xy77
{(x+3y°)
. 2xy
y =733
(x+3y°)
3x2—8yy’=0
,_3x2
8y
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39.

40.

6x-8(y"+(¥)*) =0
2 2
6x-8yy'-8[3L) =0
8y
4

9x’ -0

6x~8yy" - —

8y*

8xy _ 9x —8yy"

8y

. 481312 -9x*

y ===
64y

2x%y +2x)-12y%y' =0
2x°y' —]2y2y' =—4xy
2y
- 6y2 -x2
22y + 20"+ 20/ +29) - 120% " + 20(¥')*] = 0
2x“y" - l2y2y" =-8xy' - 4y+24y(y’)2
l6x2y 96x2y3
6y% — 2 657 -x2)?
_ 12x4y+48x2y3 —]44y5
- (6y2 —.1’2)2
_ 72y5 - 6x4y— 24)c2y3
- (62 - x2)>
. 72y5 —6Jc4y—24x2y3
S ey -2

At(2,1), y'='—'823= -15

y

y'(2x2—12y2)=- -4y +

¥ (2x2 —12)%)

y'(6y% -7

)

2x+2yy'=0
o _ x
2y vy

2420y +()?1=0

2
2+2yy'+2(—£) =0
y
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41.

42,

43.

44,

132

32 + 3y2y' =3(xy'+y)
y'(3y? -3x) =3y -3x*
" y- .\'2

y2 -x

33y
At (E,E), y =-1

Slope of the normal line is 1.

))

Normal line: y—%: I(x—%):y =X

This line includes the point (0, 0).

The slopes of the tangents are negative
reciprocals, so the hyperbolas intersect at right
angles.

Implicitly differentiate the first equation.
4x+2yy'=0
2
y
Implicitly differentiate the second equation.
2yy' =4
, 2
y ==
}l
Solve for the points of intersection.
2x2 +4x=6
2x? +2x-3)=0
x+3)x-1)=0
x=-3,x=1
x=-3 is extraneous, and y =-2, 2 whenx = 1.
The graphs intersect at (1, -2) and (1, 2).
At(1,-2): my=1mp; =-1
At(1, 2y m=-Lmy =1

(x-D2+(1-x*)=1
2 23
x- =2x+l+1-x" =1

x==
2

Points of intersection: (%,?) and [l——@

Section 3.8

45,

46.

Implicitly differentiate the first equation.
2x+2yy'=0
x

y=-=
y

Implicitly differentiate the second equation.
Ax-D+2yy'=0

x2 — x(2x)+2(2x)* =28

7x% =28
x> =4
x=-2,2

Intersection point in first quadrant: (2, 4)
»n=2

2x—xpy —y+4yy) =0
y2(dy-x)=y-2x

. _y—2x
by
At(2,4): m=2,my =0
0-2 21
tanf = ———=-2:0=n+tan” (-2) = 2.034
1+(0)2)

The equation is mv: —mvé = 2 _ ol
q ]

Differentiate implicitly with respect to ¢ to get

2mv£1 = —kaix-. Since v= L this simplifies
di d dt

to 2mvﬂ =-2kxv or mgz = —kx.
dt di

Instructor’'s Resource Manual




47. x? —xy+y2 =16, wheny=0,

x? =16
x=-4.4

The ellipse intersects the x-axis at (4, 0) and

4.0).
2x—-xy' - y+2yy'=0

Y(Q2y-x)=y-2x

. y-2x
’ 2y—-x
At(-4,0), y'=2

At(4,0), y'=2
Tangent lines: y = 2(x + 4) and y = 2(x - 4)

48. x° +2xy£"-—2w—y25‘5=0
dy dy

dx
& (axy-yy=20y-2%
dy

éx__?..\y—xz
dy 2xy-y2

2
ks x2 =0 if x(2y - x) =0, which occurs
2xy-y

x .
whenx=0or y= 7 There are no points on

x2y-xy? =2 wherex=0.1f y =7 then
2 3 3 3
g [ FloxX] 22X sox=2,
2)\2) T2 4 4

3.9 Concepts Review

1. ﬂ:t=2
dr

2. 400 mi/hr
3. negative

4. negative; positive

Problem Set 3.9

1. V =x3',£=
dr

ﬂ.::ixz E

dt dt

Whenx =12, % =3(12)2(3) = 1296 in.3/s.

Instructor's Resource Manual

49,

2
=—=1.
r 2
The tangent line is vertical at (2, 1).
2x+2)’ﬂ=0:d—y=—£
dx dx y
The tangent line at (xg, yo) has slope _io_'
Jo

hence the equation of the tangent line is

Y=y = ~ 20 (x- x) which simplifies 1o
Yo

2 2
3¥p +xx9 — (X" +yo ) =0 or yyp +xxg =1
since (xp, yg) ison x? +y2 =1,1f(1.25,0)is
on the tangent line through (xg, o), Xo =0.8.

Put this into x> +y2 =1 1o get yg = 0.6, since
yo > 0. The line is 6y + 8 = 10. Whenx=-2,

13 . .
y=3 so the light bulb must be 1—32 units high.

3 dt
£=4nr2£
dt dt

When r = 3, 3 =4n(3)? %.
t

£=-I—=O.O27 inJ/s
dt 12n
y2 =x* +12;E=400
dt

Zyd—y=2x‘-ix—

dt dt
& —-idx i/hr
dt ydt
When x=5,y=\/§€,d—y=_5_(4oo)

dt 26

=~ 392 mi/h.
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134

velptpro 3., 30
3 h 10 10
2 3
V=ln(ﬁJ h-3ﬂh dV =3, h=5
3 (10 100~ dr
v _omh? dh
dt 100 dr
2
Whenh=5,3=9n—(5)——ﬁ
100 dr
d—h=izO.42 cm/s
dr 3=

s2 = (x+300)% + y ,‘:‘ 300, dy = 400,

ds dy
25— =2(x+300 +2
s ) Y

d dy

— =(x+300 —+

s (x ) Y
When x =300, y = 400, s = 2004/13 , so

200413 g = (300 +300)(300) + 400(400)

ds =471 mi/h
dt

22 2. 4dy
=x"+(10)":—==2
y (10) it

2yd—y=2x£

dt dt
Wheny=75 x = 229 so
&y (2) 2.18 fus
dr xdt 229

202 =x2 4y & 2

dt
0=2x£+2y£
dt di
Whenx=35, y=+/375=5415. s0
dy xdx
—_—= 1) = -0.258 ft/s
dt  ydr 5J—()

The top of the ladder is moving down at
0.258 fts.

WV 4 3m v = % - _0.0005 fun
dr dt

A=nr? =K=Vh_', o) dﬁ:h'lﬂ—éd—h.
h dt dt  p* dt

When h = 0.001 ft, ¥ = n(0.001)(250)? = 62.5n

and CZ—A =1000(—4) —1,000,000(62.57)(—0.0005)
i

Section 3.9

10.

11.

12.

13.

=—4000 + 31,250 7 = 94,175 fi2/h.
(The height is decreasing due to the spreading of
the oil rather than the bacteria.)

veluwtpn=9.r oo
4 2
V_ln(zh) h=3u. 4 16
3 3 dt
Va2
dt dr
When h =4, 16 = an(a)? &
dt
dh_ 1 00796 fus
dt  4n

¥ =0 E o
dt

2yQ=2x£

dt at
When y =150, x =120, so
Q:iﬁ:@@) 4 fs
dt ydt 150

=—(20)ﬁ9=;,x 8k

V =10h(8h) = 80h%; ‘:—V =40
{

d_V_l(,o;,ﬂ

dt dt

When h =3, 40 = 160(3)%
t

—=—fi/s
d 12

2 dx
=vx*-4;—=5
Y di

dy drx

( )
2 / / dI
When x =3, ‘/32_ —_—(5) = T = 6.7 units/s

A= nrz;-dl=o.02
dt

dA = nr dr
dt dt

dA

When r=28.1, "y =2n(0.02)(8.1)=0.324n
4

= 1.018 in.2/s
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2_ .2 2. dx dy
14. =x°+(y+48);—=30,—=24
s x+0 ) dt dt

2s£ = 2x£+ 2(v+48)£}i
dt dt i dt

At 2:00 p.m., x =3(30) =90,y = 3(24) = 72,
so s = 150.

(1 50)% =90(30) + (72 + 48)(24)

ﬂ = S—SE =37.2 knots/h

dt 150

15. Let x be the distance from the beam to the point
opposite the lighthouse and @be the angle
between the beam and the line from the
lighthouse to the point opposite.
tand =% 9% — 2(2m) = 4 rad/min.

1 dt
6 _dx
dtdt

ec? @

1 1

At x=l.9=tan‘ — and sec26=£.
2 2 4

& = 2(471) =15.71 knm/min
dt 4
16. tanf = 4000
x

sec? GQ = -4000 _d_x

dt xz dt
When 6 = l d—g— = L and x = 4000 = 7322.

2 dr 10 tan 3

dx 5 1( 1 ) (7322)°
—_—SeC —| — ———
dt 2010 4000

=~ —1740 ft/s or —1186 mi/h 19.

The plane’s ground speed is 1186 mi/h.

17. a. Letx be the distance along the ground from
the light pole to Chris, and let s be the

distance from Chris to the tip of his shadow.

. . 6 30
By similar triangles, — = , SO
S x+s
ldx dx

and —=——. — =2 ft/s, hence
dt 4d dt

x
s==
4

ds
dt
pole Chris is.

= % ft/s no matter how far from the light

b. Let/=x+s. then
dl _dx ds _

I
dr dr dr 2
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18.

¢. The angular rate at which Chris must lift his
head to follow his shadow is the same as the
rate at which the angle that the light makes
with the ground is decreasing. Let &be the
angle that the light makes with the ground at
the tip of Chris' shadow.

tan6?=E so sec? ()d—g=—ié and
s dt §2 di
2
igz_écos 91{_ é___l fUs
dt §2 dt dr 2

When s =6, 9=-§, S0

dt 62
Chris must lift his head at the rate of

1 rad/s.
24
Let @be the measure of the vertex angle, a be the

measure of the equal sides, and b be the measure

of the base. Observe that b= 2a sin% and the

height of the triangle is acos—i—.

A= l(ZaSing)La cosg = —1-a2 siné
2 2 2 2

A= l(100)2 sin@ = 50005in0:£ L
2 dt 10

d—A =5000cosé@ ig
dt dt

When 8 =2%.%4 _ 5000[ cos ™ (—1— =250\3
6 d 6 J\ 10
=433 cmz/min .

Let p be the point on the bridge directly above
the railroad tracks. If a is the distance between p

and the automobile, then ‘;—a =66 fvs. If / is the
{
distance between the train and the point directly
below p, then gl =88 fi/s. The distance from the
t

train to p is V100% +12, while the distance from

p to the automobile is a. The distance between
the train and automobile is

2
D =Ja2 +(J1002 +12) —va? +12 +1002.

Q=__‘_.(2a£’£+21£)

di ) ’a2+12+1002 dt dt

Section 3.9 135



20.

21.

22,

136

Idl

——dt_dt__ After 10 seconds, a = 660
\/a +1% +100?

and / = 880, so
'_d£_ 660(66) +880(88)

dr J660% +8802 + 1002

=110 fvs.

v =§nh-(az +ab+b?):a =20,b=£+20,

2
V=%nh[400+5h+400+};—6+10h+4OOJ

1 2 i
=—1| [200h +15h° +—
3 16

dav 342

—=l'r 1200+30h + — | — dh
3 16

dt dt

When A4 =30 and ‘:—V = 2000,
4

675\dh 3025n ih_
dt 4 d

2000 = —n(1200+900+~—
3 4

dh 320

dt 12In

V=nahr ]dV 2.r=8
3 dt

~0.84 cm/min.

3 3
V= - M g2 T
3 3
AR L
dt dt di

Whenh=3, -2= %[161:(3) -7(3)?]

dh -2
dt 391:

=-0.016 fvhr

s2=a?+p? —2abcosé;

a=5b=4 9 3 T U% im
di 6 6
s2 =41-40cosd

7s£ =40sin 0d_€
dt dt

At 3:00, 9=5 ands = V41, so

2J_ > 40 (2)(1::)_2207:

3

é ~ 18 in./hr
dr

Section 3.9

23.

24,

25S.

26.

PV=¢
Pﬂ+ Vﬁz 0
dt dt
Atr=6.5,P =67, ';—P = -30, V=300
t

v _ v
_=__£=_ﬂ( ~30) = 134 in.3/min
dt P dt

V= nhz(r—g);r= 20

V = nh? [20 -g) = 20mh? -?/P

Y _ omh-nny?

dt dt

At 7:00 am., h= 15, ﬁz -3, so
dt

dVv

— = (40m(15) - x( 5)2)(=3) = —11251 = —3534.

Webster City residents used water at the rate of
2400 + 3534 = 5934 ft3/h.

Assuming that the tank is now in the shape of an
upper hemisphere with radius r, we again let 1 be
the number of hours past midnight and 4 be the
height of the water at time ¢. The volume, V, of
water in the tank at that time is given by

V=§7rr3 —%(r—h)2(2r+h)

and so ¥ =16¥ﬂ—§(20—h)2 (40+h)
from which
v (20 D dh 2z S (20-)(40+ k)2 dh
o dt
dV

Att=7, —=-5257 = -1649
dt

Thus Webster City residents were using water at
the rate of 2400+1649 = 4049 cubic feet per
hour at 7:00 A.M.

The amount of water used by Webster City can
be found by

usage = beginning amount +added amount
— remaining amount

Thus the usage is

= 7£(20)(9) +2400(12) - 7(20)2(10.5) ~ 26,915 ft3

over the 12 hour period.
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27. a. Letx be the distance from the bottom of the wall to the end of the ladder on the ground, so % =2 ft/s. Lety

2
be the height of the opposite end of the ladder. By similar triangles, R —L so y= 216 .
12 144+ 5 144 + x*
dy 216 dx 216x  dx
L ee— Y — =
di 2044+ x2P2  dr (1444272 dr
When the ladder makes an angle of 60° with the ground, x = 43 and & — 16(4+3) 2=-1.125 fus.

di - (144+48)%"?

L dly_d(__216x  dx)_df 26 )& 216x  d%x
dtz df (144_'_-‘,2)3/2 dt dt (]44+x2)3/2 dt (]44+x2)3/2 dtz
2
Since & =2, 2% 20, thus
dt d[z
gty | 2160144+ x2)> 2 dr s 216x(3)V144+ 52 20) & | 4
dr* (144 + %)} dt

_ 216144 + x%) + 648x° [Ejz _ 4324 —31,104(dx]z
T aara?)y? dt) (4442572 \dt
When the ladder makes an angle of 60° with the ground,
d’y 432-48-31,104

2 2
= 2 (2)% = -0.08 s
dr (144 + 48)

a = 12hJ'|:ﬁ
dt dt
28. a. Ifthe ball has radius 6 in., the volume of the
water in the tank is
3 3
v = 8np? —l‘-h——in(l)
3 \2
o ﬁ - d—V
=8nh? - —— = di  12hn dt
36 dh 1
When h=3, —=—-(-2)=-0.018 ft/hr.
W emn @2 81 nh=3 T e (D)= 0018
d dt dt
.. . dh . av
This is the same as in Problem 21, so 7 is 29, Z— = k(4nr?)
dt
again —0.016 fi/hr.
' 4
b. If the ball has radius 2 ft, and the height of a. V= gnﬂ
the water in the tank is A feet with2 </ <3,
the part of the ball in the water has volume a _ 4l ar
_ _ dt dt
ifr(2>3—n(4—h)2[2-4 ”}(6 " Y
3 3 3 k(4nr<) = dnr —
The volume of water in the tank is d
3 2 dr _
V=8nh2-£;’——%=6h2n oK
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b. If the original volume was ¥}, the volume

after | hour is %VO. The original radius

was s = 3fiV0 while the radius after 1
4n
hour is n= 3 -—8-V0 —3- :3,‘0. Since ﬁ is
v 27 " 4n 3 dr

constant, g =— % ry unit/hr. The snowball
t
will take 3 hours to melt completely.

30. Let P be the point on the ground where the ball
hits. Then the distance from P to the bottom of
the light pole is 10 ft. Let s be the distance
between P and the shadow of the ball. The height
of the ball 7 seconds after it is dropped is

64 - 161°.
. ]
By similar triangles, -i-z— = O+s
64-16¢ s
2 —
(fort>1),s0 s=u.
1-¢°
ds _200(1-1)- (102 -40)(-2r) _ 60t
di (1-1%)? (1-1%)?
120
The ball hits the ground when ¢ = 2, % = e

The shadow is moving %0- =13.33 fus.

31. Let/ be the distance along the ground from the
brother to the tip of the shadow. The shadow is

3.10 Concepts Review
1. f'(x)dx
2. Ay;dy

3. Axis small.

4. larger ; smaller

Problem Set 3.10

1. dy=(2x+ l)dx

2. dy=(21x* +6x)dx

138 Section 3.10

5.

7.

controlled by both siblings when 3.3 or
I 1+4

/= 6. Again using similar triangles. this occurs

when % = g so y = 40. Thus, the girl controls
the tip of the shadow when y > 40 and the boy

controls it when y < 40.

Let x be the distance along the ground from the

light pole to the girl. —? =4
7

20 5 4

Wheny 2 40, — = or y=—ux.
y y-x 3
When y <40, 2—0=; or y=2—0(x+4).
y y—-(x+4 17
x =30 when y = 40. Thus,
gx ifx>30
Y 120
—(x+4) ifx<30
17
and
4 ifx>30
dy _|3a
dt 120d e 30
17 dr

Hence, the tip of the shadow is moving at the rate
of %(4) =% ft/s when the girl is at least 30 feet

from the light pole, and it is moving
%(4) = ?—g ft/s when the girl is less than 30 fi

from the light pole.

dy = -4(2x+3) > (2)dx = -8(2x +3) " dx

dy = -2(3x* +x +1)>(6x + dx
==2(6x+1)(3x* +x+1)dx

dy = 3(sinx+cos .t)2 (cos x —sin x)dx

dy =3(tanx + 1)2 (sec2 x)dx

= 3sec? x(tan x + l)2 dx

dy = -%(7;2 +3x =172 (14x + 3)dx

= —%(l4x+3)(7x2 +3x-1)"2dx
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1 16. a. Ay=[(2.5)-3]-[(2)* -3]=2.25

8. dy=2(x'"+sin2x)[10x° + - (cos 2x)(2)]Jdx

Yo A sn2l0x 2sin 2x dy = 2xdx = 2(2)(0.5) = 2

B 9 COs82x 10 -

_2(10x r == 2x)(x +sin 2x)dx b. Ay =[(2.88)% -3]-[(3) - 3] = 0.7056

dy = 2xdx = 2(3}(--0.12) =-0.72
_3 .2 172 2
(a3 _ 3 _

=§(2r+csc21) 1? —cott +2d: dy=(4x" +2)dv =[4(2)" +2](1) = 34

b. Ay =[(2.005)* +2(2.005)]-[(2)* +2(2)]
~0.1706
dy = (4x> +2)dx = [4(2)° +2)(0.005) = 0.17

10. a. dy=3x2dx =3(0.5)2(1)=0.75

b. dy=3x"dx=3(=1)(0.75) = 2.25

1
11. 18. y=+xidy=——=dx;x=400,dx=2
4 N
i
dy = (2) = 0.05
7= 2200 )

V402 = /400 +dy = 20+ 0.05 = 20.05

19. y=r:dy=——dcx =36 dr= 0.1

2Jx
1
dy = ——=(=0.1) = —0.0083
Y =255
128 dy=-L-_0_ 45 V359 = /36 +dy = 6-0.0083 = 5.9917
x )
1 a3 1
20. y=3/;;dy=—x dx = —=dfx;
b dy=—ﬂ2=—0‘—7'§=—0.1875 3 32
X (-2) x =27, dx=-0.09
13. dy = ;(-0.09) = -0.0033

33/(27)?
326.91 =327 +dy =3-0.0033 = 2.9967

21 V =%nr3;r=5,dr=0.125

dV = 4nrldr = 4n(5)%(0.125) = 39.27 cm?

22, V=xx=340.dx=05
dV =3x%dx = 3(Y40)?(0.5) = 17.54 in3

14. a. Ay:(l.5)3_(0.5)3=3.25 23. V=inr3‘r=6ﬁ=72in dr=-03
37 ) '

b. Ay=(-0.25)* - (1)’ = 0.984375 dV = anrdr = 4n(72)%(~0.3) = -19,543
1 1 1 Vzin(7z)3-19,543
1S. a. Ay=—--=—= 3
15 1 3 3 ;
=1,543,915in” =893 fi
1
b. Ay= +—=-03
Y= 2512
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24. V=mrlhyr=6ft=72in..dr = —0.05,

25.

27.

30,

140

h=8ft =96in.
dV = 2nrhdr = 2r(72)(96)(-0.05) = -2171in.3
About 9.4 gal of paint are needed.

C=2ar:r=4000mi=21,120,000 ft.dr =2
dC =2rdr =27(2) =47 =12.6 ft

T=2n i: L=4,dL=-0.03
32
2n 1 i
dT = ——.—.dL = dL
2 ?Lz‘ 32 V32L
8
= (-0.03) = -0.0083
J32(4)

The time change in 24 hours is
(0.0083)(60)(60)(24) = 717 sec

4 =§nr3 =§7:(10)3 ~ 4189

dV = 4nridr = 4n(10)2(0.05) = 62.8 The

volume is 4189 + 62.8 cm3.
The absolute error is =~ 62.8 while the relative
error is62.8/4189 = 0.015 or 1.5%.

V =mrlh=n(3)(12) = 339
dV = 24nrdr = 24n(3)(0.0025) = 0.565

The volume is 339 + 0.565 in.3
The absolute error is = 0.565 while the relative
error is 0.565/339 = 0.0017 or 0.17%.

. s =\/a2 +b% —2abcosh

= J1512 +1512 = 2(151)(151)c0s0.53 = 79.097
s = /45,602 — 45,602 cos @
1
s =

2./45,602 — 45,602 cos8
~ 22,801sin8
" /45,602 - 45,602 cos@
_ 22,801sin0.53
" /45,602 - 45,602 c0s0.53

§=79.097 £0.729 cm
The absolute error is = 0.729 while the relative
error is 0.729/79.097 = 0.0092 or 0.92% .

-45,602sin8d6

(0.005) =0.729

A= %absin@ = 7])-(15 N(A51)sin0.53 = 5763.33

22,801
2

P4

A= sin@;8 =0.53,d0 = 0.005

Section 3.10

22,801
T2
22,801
2
A=~5763.33+49.18 cm2

The absolute error is ~ 49.18 while the relative
error is49.18/5763.33 = 0.0085 or 0.85% .

dA (cos8)dO

(cos0.53)(0.005) ~ 49.18

31, y=3x?-2x+1Lx =2 dx =000l
dy = (6x - 2)dx = [6(2) - 2](0.001) = 0.01
2 )
i—gz 6, so with Ax = 0.001,
lay -y < %(6)(0.00 1) = 0.000003

32. Using the approximation
Slx+a0) = f(x)+ f(x)Ax
we let x=1.02 and Ax=-0.02. We can rewrite
the above form as
S(x)= f(x+4x) - f(x)Ax
which gives
S(1.02) = f(1)- f'(1.02)(-0.02)
=10+12(0.02) =10.24

33. ¥V =nrh +§nr3

V= 100m‘2+§7tr3:r =10,dr=0.1

dV = (200nr + 4nr?)dr
= (20007 +4007)(0.1) = 2407 = 754 cm>

34. From similar triangles, the radius at height & is

-2-h. Thus, ¥V =lnr2h=i7th3, )
5 3 75

4 2
dV=2—57(h dh. h= 10 dh=—11

v =2 2(100)(=1) = ~50cm’
25
The ice cube has volume 3% = 27¢m? . so there is

room for the ice cube without the cup
overflowing.

. . . dm
35. The percent increase in mass is —.
m
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36.

-1
2 2
d_mzl_)l_l’-z- dv=—vz_ 70  |av
m c” c c“le"—-v

v

= 3 dv
c“-v
v=10.9¢c,dv=0.02¢
5’1 _ 0.9¢ 0.018

0.02¢c) = —— = 0.095
m ¢ -081c? (0:02="075
The percent increase in mass is about 9.5.

a. f()=x*f(x)=2x;a=2
The linear approximation is then
L(x)=f(2)+ /' () x~-2)

=4+4(x-2)=4x-4

'y A

N =2 O o

-y

-4

b. g(x)= x? cosx: g'(x)= —x?sinx+2xcosx

a=nl2
The linear approximation is then

T 2 N4
L(x)=0+ —(E) (.r—;]

%
=——x+—
8

x? n
L(x)=0+ —T(x—g)

Instructor Solutions Manual

37. a. h(x)=sinx; A'(x)=cosx; a=0
The linear approximation is then
L(x)=0+1(x-0)=x

4\ h(x)

3
2
i

Y

b. F(x)=3x+4; F'(x)=3,a=3
The linear approximation is then
L(x)=13+3(x-3)=13+3x-9
=3x+4

ﬂk F(x)

20
17.5
15
125
10
15

~Y

¥ 1 2 3 4 5 6

38. The linear approximation to f(x) ata is
L(x) = f(a)+ f'(a)x~a)
=a*+ 2a(x-a)
=2ax - a’
Thus,
f(x)-L(x)= x? —(Zax—az)

=x? -2ax+a*

=(J:-a)2
>0

Section 3.10
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3.11 Chapter Review

Concepts Test

1.

()

10.

11,

12.

13.

14.

15.

16.

142

False:

False:

True:

False:

True:

True:

True:

False:

Truc:

False:

True:

True:

False:

True:

True:

False:

If f(x)= x3,f'(x) =3x2 and the
tangent line y =0 atx =0 crosses the
curve at the point of tangency.

The tangent line can touch the curve
at infinitely many points.

My = 4x*, which is unique for each
value of x.

my,, =-sinx, which is periodic.

If the velocity is negative and
increasing. the speed is decreasing.

If the velocity is negative and
decreasing, the speed is increasing.

If the tangent line is horizontal, the
slope must be 0.

fx)= ax’ +b, g(x)= ax? +c,
b#c.Then f'(x)=2ax=g'(x), but
fx) = g(x).

D, f(g(x) = f'(g(x)g'(x); since
gx)=x, g'(x)=1, so

D, f(g(x) = f'(g(x)).

D,y =0 because « is a constant, not
a variable.

Theorem 3.2.A

The derivative does not exist when the
tangent line is vertical.

(f-8)(x) = f(x)g'(x) + g(x)f'(x)

Negative acceleration indicates
decreasing velocity.

If f(x)=xg(x). then

D f(x)=x'g'(x)+3x7g(x)

= X’ [xg'(x)+3g(x)]

D,y=3x%; At(l, Iy
X

Mgy =3(1)2 =3
Tangent line: y— 1 =3(x - 1)

Section 3.11

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

False:

True:

True:

True:

True:

True:

True:

True:

True:

False:

False:

True:

True:

Dy = f(x)g'(x)+ g(x)f"(x)

Dly=f(x)g"(x)+g'(x)f'(x)
+2(x)f"(x)+ f1(0g' ()

= f(0)g" () + 2/ (x)g' () + [ ()g(x)

The degree of y = ():3 + J:)8 is 24, so
Dfsy =0.

f(x)=ax": f(x) = anx"!

p. L) _g®)f(x) - f(x)g'(x)
* g(x) g2(x)

H(x)= f(x)g'(x)+g(x)f"(x)
H(e)= f(e)g'(c)+g(e)f ()
=fle)(0) +g(c)(0) =0

f'(—g) . sin x —sin(-’zl)

n P4
x-)i X 2
. sinx-1
= lim
T b1

x x-2
x5 5

D*(if)=kD*f and
D*(f+g)=D*f+D%g

H(x)= f'(g(x))-g'(x)
H(c)=f'(g(c)-g'(c) =0

(/o) =f(g2) g
= (2)-g'(2)=2-2=4

Consider f(x)= Jx. The curve
always lies below the tangent.

The rate of volume change depends
on the radius of the sphere.

c=2nr; £=4
dt

de = 2n£ =2n(4)=8n
dt dt

D, (sinx)=cosx;
Df (sinx) = —sinx;
Di (sinx) = —cos x:
Dﬁ (sin x) = sin x;

Dﬁ (sinx) =cosx
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30. False: D, (cosx) = -sinx; ir_ 50

dt

2
D} (cosx) = sinx; dar___3 dr £<0

4 3 . dlz 27(7'3 dt dlz
D; (cosx) = D [D;(cosx)) = D, (sinx)

Df (cosx) = —cosx;

2

: 1+3 oy — N fer
Since D™ (cos x) = Dy (sin x). 34. True: When 4 > r, then % >0
DI"*3(cos x) = D (sin x). di
. tlanx 1., sinx 35. True: V= i1rr3, S =4nr?
31. True: lim == lim 3
x>0 3x  3x-0xcosx
1 1 dV =4nrldr=S-dr
=31=3 If Ar = dr, then dV = S-Ar
12 True: ds 152 46 which i 36. False: dy = 5x4dx, so dy > 0 when dx > 0,
. True: v -}7 =15t" +6 which s greater but dy < 0 when dx < 0.
than O for all «.
33. True: V= inr3 37. False: The slope of the linear approximation
is equal to
4V g2 4 J'(a)=f'(0)=-sin(0) = 0.
dt dr
If a =3, then ar . so
dt dr 4‘rtr2
Sample Test Problems
3 3 2 2 3
L oo flx)= m SR3OSO 3k 0% +9xh 4 302) = 957
h-0 h h>0 h h—0
[+ BY +3(x+h)]- (2% +3x) .. 10x*h+20x3h% +20x213 +10xk® +24° + 3h
b. f'(x)= ; = Jim p
0 -0

= llm(IO.r +20x°h+20x2h +10xh +2h% +3) =10x* +3
h—>0

h _SL h 1 1 1
e f)=tim2ER 2yl 2 s fim-|——— | -—
=0 A h-0| 3(x+h)x|h  r-0 (3x(x+h) 3x2

, . 1 1 )1 | 3x*+2-3(x+h)? -2 1
d. =] - i -
S hl—%[(3(x+h)2+2 3x2+2]hJ h->0[(3(r+h)~+7)(3x +2) h]

[ —6xh - 3h? 1] —6x—3h 6x

= lim
h=0 (3(x + h)? +2)(3x* +2) 3% +2)?

Glx+h)? +2)(3x2+2) h

= lim
h-0

e flx)= \/3(x+h \/; (\/3x+3 \/3;)(\/3x+3h +\/_)
= h(3x+3h +3x)
= lim 3h = lim 3 = 3
h=0 h(\Bx+3h +V3x) h-03x+3h+3x  23x

Instructor's Resource Manual Section 3.11
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sm[3(r+h)]—sm3r sin(3x+3/h)-sin3x

f. X = lim
S )= h h—0 h
. sin 3xcos 3h+sin3hcos3x-sin3x . sin3x(cos3h-1) . sin3hcos3x
= lim = lim + lim
h—0 h h—0 h h—0

o h— s . i
= 3sin3x Jim S2537 214 cos3x lim S"} 3 _ (3sin3x)(0) + (cos 303 lim "2/3" = (cos 3x)(3)(1) = 3cos 3x
H h—0 (i .

h—0 1 h->0

g fi(v=

h—>

\/(t+h) +5- \/r +5 (\/(x+h)2+5-\/x2+5)(\ﬂ.r+lx)2+5+\/x7+5)
= hm
0 h h=>0 h(\/(x+h)2+5+\/x3+5)

. 2xh+ h? 2x+h 2x X
= lim = lim =

"'*011(\/(_r+h)2+5+\/x2+5) "“’0\/(1:+h) +5+vx?+5 7\fr +5 Jxl+s

he (0= lin cos[n(x+h)]—cosnr - lim cos(mx + 1h) — cos = lim COS TLx COS T — sin Ly sin h — COS X
,—>o h h—0 h h-0 h
. - { . . in A . .
= lim —ncosm‘l—ﬂl)— lim | ntsin e SLLLL J = (- cos tx)(0) - (nsin mx) = —msin v
h—0 wh h—0 nth
L2t =x)(t+0 , . A=A
2, a g(\)-hm——zr—=l|mw e. g(x)=l1m‘/- ‘/;
1»x —X t—>x 1-x t»x l—-X
=2lim(t+x)=2(2x)=4x (J' )t +4x)
X
o (t—x)(f+w/—)
3 3
, (D=7 +x)
b. ©=Iim— =lim———————
g -x t—x —x (1—r)(\/— \/—) l—)x \/_-f-\/_
_]im(l-x)(12+tx+x2)+(l—x) 1
1—=x t—=x B 2\f;
= lim(t2 +1x+x2 +1) = 3x2 +1 )
I-5x , . sinm-sinmx
f. g'(x)=Ilim——
i1 1ox I—x
c ’(r)—lim7—;—hm x-1 Letv=r-x,thensr=v+xandas
A taxt—-x toxtx(t-Xx) > xv-0.
_ 1 lim sinm/ ~sinr _ lim sin (v + x)-sin nx
= l‘_‘_’:}; = Y , 1—x - v—0 v
- lim Sin IV COS X + Sin 7L cOS TtV — sin X
" 2w ,.m[( L )( I )] v—0 v
. gx)="h - in v v —
R AVEES IS PIUES: = lim I:ncosru'smm +asinmue S l:|
b3 2 v—0 ny v
X -t .
= lim =ncosnx-l+nsinmx-0 = ncos nx
o (12 + 1) + 1)1 - x) Other method:
i —(t+t)([ - Xx) Use the subtraction formula
= lim
5 (2 4 1)(x7 + (0 - x) sinmt —sinmx = 2cos M+ x) Gy =)
L) 2x 2 2

_] = —
z'—n(r w2 +D) (24P
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h.

. A

b.

(x)—hm\/:_-\/x—_:-
y (W J;T)(mm:?)

AP ecr )

3 3

= lim L-x
= (l—x)(\/t3 +C+Vx* +C)
2 rix+x’ 3x2

= lim

'—>r\f3+C+\F+c 2\& +C

cos 2t —-cos2x

g'(x)=1lim

{—x t—x
Letv=t¢—-x,thent=v+xandas
t—=>x,v—o0.

cos 2t - c0S 2x cos2(v+x)—cos2x

lim —————=lim

—x t—x v—=0 v

- lim cos 2vcos 2x —sin 2vsin 2x — cos 2x
v—0 v

= lim [2 cos 2x————cos vol_ 2sin2x S 2v]
v—>0 2v Y

=2¢0s2x-0-2sin2x-1=-2sin2x

Other method:

Use the subtraction formula
cos 2t —cos 2x = —2sin(f + x) sin(f - x).

fix)=3xatx=1

f(x)=4x> atx=2

f(Jr)=\/Jc—3 atx=1

fix)=sinxat x=7

f(x)=i atx
x
Alx)=-sin 3x atx

fix)=tan xat x=§

f(x)=—1— atx=35

Jx

) =2
r@=-3

(6 =>
EORS:

Instructor’'s Resource Manual

. D.(3x+2)*3

; 163 = 1))
4
_ qavsal 2128
Atr=2, 4f(4)~4(3) 3
d. ,
e. d—[f =210 f'@)
]

Atr=2,
22 = 2(2)(—%] -3

£ %(f(f(r)))=f'(f(t))f’(l)
A=2, SUN Q) = FfQ)

(3

. D,(3x%)=15x*

. D(x* -3x% +x72)=3x% —6x+(-2)x>

=3x% —6x-2x"1

. D (2 +42% +22) =322 48242

D [3;:-5): (x% +1)(3) - (3x = 5)(2x)

x4l (x* +1)?
_-3x7+10x+3

(x% +1)?

D( 4-5 )=(6!2+2t)(4)-(4t—5)(12!+2)

62+ (662 + 21)?

2417 +600+10
(662 +20)°
2
=§(3x+2)_”3(3)
=203x+2)""3
D}(3x+2)*3 = -%(3”2)““3(3)

=-203x+2)™3
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11.

13.

14.

19.

20.

21,

22,

23.

24,

26.

146

3

dxl x° +x

(x3 +x)2

- —4x* 4 10x2 +2

(* +x)?

1
D (tN2t+6)=1 D+20+6
! ) 2J21+6( )

/ 16.

+V2 +6
J2t+6

dx x2+4

= -%(x2 +4)3'2(2x) 18.

X

\/(xz +4)°

%% -1 i 1

d p_ |

HSox dedx dx 272

B[~

d [ ax? - 2) _ (@ +x)8x) - (4x? - 2)3x% +1) 15.

d( ! ]:di(.r2+4)“”2 17.
X

Dg(sin8 + cos’ 0) = cos 6 + 3cos? &(-sinf)
=cosf - 3sinBcos 6

Dg (sinf + cos? 9)

=~sin@-3[sin8(2)(cos B)(-sinH) +cos” 9]
= —sin@+6sin Gcos@ - 3cos> 6

%[sin(lz )~ sin2(2)] = cos(12)(2¢) - (2sin)(cos ?)

=2t cos(t2 ) —sin(2¢)
Dplsin(8%)] = cos(6%)(26) = 20 cos(6?)

%(cos3 Sx)=(3 cos® 5x)(-sin5x)(5)

=—15cos? 5xsin 5x

:—g[sinz (sin(n@))] = 2sin(sin(nB))cos(sin(n))cos(nH))(n) = 2nsin(sin(nd))cos(sin(nd))cos(nd)

Zdt-[sin2 (cos 4¢)] = 2sin(cos 41)(cos(cos 41))(—sin 41)(4) = -8sin(cos 4t)cos(cos 4¢) sin 4¢

Dy tan 36 = (sec? 36)(3) = 3sec” 30

dx\ cos5x? cos? 5x?

cos2 5x2

d ( sin3x ) _ (cos 5x2 )cos 3x)(3) - (sin 3x)(—sin 5x2 )i10x) _ 3cos 5x2 cos3x +10xsin 3xsin Sx2

(20 = (x2 =12 (9x% - 4)+ (35 - 4x)(2)(x? - 1)(2x) =ix? 1) (9x% —8) +4x(x? - 1)(3x® — 4x)

f'(2)=672

g'(x) = 3cos3x+2(sin 3x)(cos 3x)(3) =3cos3x+3sinbx
g"(x)=-9sin3x+18cos6x
g'(0)=18

2 2

—csc” x~2xcotxtan x

2.2

2 s€C x

dx\secx

i ( cotx ) _ (sec x? - esc? x)— (cot x)(sec x? )(tan x* )(2x) _

SCC X2

D [ 4tsint )_ (cost —sinf)(4fcost + 4sint) — (4t sint)(—sinf — cost)
, =

cos? —sint (cost —sint)2

_ 4rcos? ¢ +2sin2r - 4sin? 1 +4sin? ¢ _4t+2sin 2t —4sin? ¢

(cost - sint)2 (cost —sint)2
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27.

28.

30.

31.

32.

33.

34.

3s.

[ (X)=(x- l)3 2(sin 7x - x)(mcos e — 1) + (sin wx —~ J:)2 3(x- 1)2
= 2(x - 1)* (sin 7x — x)(mcos x - 1) + 3(sin 1x — x)? (x - 1)?
f(2)=16-4n=3.43

(1) = S(sin(2r) + cos(31))* (2 cos(2¢) - 3sin(3r))
h"(2) = 5(sin(21) + cos(31))* (=4 sin(21) - 9 cos(3r)) + 20(sin(2r) + cos(31))* (2 cos(2r) - 3sin(31))?
h"(0)=5-1%.(-9)+20-13-2% =35

2'(r) = 3(cos? 5r)(~sin Sr)(5) = —15cos? Srsin5r

g’ (r) = —15[(cos® 5r)(cos 5r)(5) + (sin 5r)2(cos 5r)(~sin 5r)(5)] = —15[5 cos® 5r —10(sin? Sr)(cos5r)]
g"(r) = ~15[5(3)(cos’ 5r)(~sin 5r)(5) - (10sin? 5r)(-sin 57)(5) - (cos 5r)(20sin 5r)(cos 57)(5)]

= —15[-175(cos> 5r)(sin 5r) + 50sin> 5r]

g"(1) ~ 4588

S () =h(gt)g' () +2g()g'(t)

G'(x) = F'(r(x)+ s(x))(r'(x) +5'(x)) + s'(x)

G"(x) = F'(r(x) + s(x))(r"(x) + 5" (x)) + (r'(x) + s"(x))F"(r(x) + s(x))(r'(x) + 5'(x)) + 5"(x)

= F'(r(x)+sQ)r" (x)+s"(x) +(r'(x) + s'(.r))2 Fr(r(x)+s(x))+s"(x)

F'(x) = Q'(RODR'(3) = LR (=sinx) 36. One possibility:

i .
= -3cos” xsinx b A

F'(z) = r(s(2))s'(2) = [3cos(3s(2))(9z*)

=277° cos(9z3)
2_Fpy =T (@B N
dp 1 o,
3 2 3 2 37. One possibility:
= (B - =———=0p"-1)
23%(h) 23(8° - B) o &
One possibility:

oot \

38, Y oox-2)
dx

x—y+2=0y=ux+2;m=2

2(x-2)= —%
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39,

40,

41.

42.

43.

148

14
14

—d = 4nr?
»

When r=5, ‘:—V = 4n(5)? = 100m = 314 m3 per
r

meter of increase in the radius.

V= j‘:nr}:ﬂ

3 dt
av _ 4nr? ar
dt dt

=10

When r =3, 10 = 4n(5)? %

ﬂ=Lz0.0318m/h
dr  10n

=—bl(12) % =%

V= 6(3” h= 9112;‘1—’/:9
2 dt

v _sndk
dt dr

When h =3, 9—18(3)ﬁ

ﬂzlz 0.167 fvmin
dt 6
a. v=128-32t

v=0,when t=4s
s =128(4)-16(4)% = 256 ft

b. 128162 =0
-16:/(t-8)=0
The object hits the ground when ¢ = 8s
v=128 -32(8)=-128 f/s

s—t3—612+9t
»(t)——-3t -12t+9

2
a(r)=d—;=61—12
dt

a. 3% -120+9<0
3(-3)r-1)<0
1<t<3:(1,3)

Section 3.11

44.

45,

b.

e.

32 -12/4+9=0
3(-3)¢t-1)=0
=1,3

a(1) =-6,a(3) =6

66-12>0
t>2; (2,0)

D" +x2 455 +100)=0
DX (x® +x" +x'%)= 20!
D20 (7" +3x%0) = (7-21!)x +(3-20)

Dfo (sinx+cosx) = Dﬁ (sin x +cos x)
=sinx+cosx

Dfo (sin 2x) = 2% sin 2x
= 1,048,576 sin 2x

20(1] (-1)20(20') 20!
D 7 e
x 2! 2!
dy
2x-1)+2y—==0
(x=1+2y—

&y _Ax=D) -x
dx y y

dy 2 2 dy
2y)—+y  +y2x)+x"*—==0
x(2y) yo+y2x)+x ”

d

2 (2xy+ 2%y =y +209)
dx

dy_ yi+2y

dx  x?+2xy

dy 3. 2.dy .23
3x2 432 2 =3(3y*) 2L +3x
Y Gy )dx y
y(3y2 3x3y )=3x y3—3x2

dy _ 3xty 33yt 12y3—.r2
dx 3,2 - IR B

x cos(xy)[x% + y] +sin(xy)=2x

x? cos(xy)% = 2x —sin(xy) - xy cos(xy)
X

9’1 _ 2x—sin(xy) - xy cos(xy)
dx x? cos(xp)
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46.

47.

48.

49,

e. xsecz(,\y)(x%+y]+ tan(xy) =0

x? sec? (.ry)-% = —[tan(xy) + xy sec? ()]

Q _ tan(xy) + ersec2 (xp)
dx x2 sccz(xy)

Z}yl'=12x2
6

y
At(1,2): yy =3
4x+6yy; =0

n=

. 2
Y2 = ‘;
At(1,2): y5 S
3
Since (y{)(»>)=-1 at(l. 2), the tangents are
perpendicular.
dy =[mcos(nx)+2x)dx ; x =2, dx =0.01
dy ={[rcos(2x)+2(2))(0.01) = (4+)(0.01)
= 0.0714

x(2y)%+y2 +2)[2x+2)]+ (x+2)2(2)% =0

%[mw 2x+2)2)= —[y? +2y(2x + 4))

ay _ ~y® +4xy+8y)
dx  2xy+2(x+2)°
2
Yy +4xy+8y2dx
2xy+2(x+2)
Whenx=-2,y=4%]

2
Q) +4(=2)(1)+8(1) (0.

dy = 01)
Y 2=2)(1) +2(-2 +2)?
=-0.0025
2 _
b. dyz_(—l) +AEDED+8EY o0

2A=2)(-1)+2(-2+2)?
=0.0025
a. %[fz(x) +g3 (%)

= 2f(x) [ (¥)+3g2 (0)g'(x)
2/ (2)+3g%(2)g'(2)
= 2(3)(4) + 3(2)%(5) = 84
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50.

51,

S2.

53.

b. %[f(x)g(xn=f(x)g’(x)+g(x)f'(-r)
FE'D)+g2)f(2) = G)S)+(2)(d) = 23

c. %[f(gu))hf’(g(x))g'(x)
FE@)g'@ = £(g'(2) = @)5) = 20

d. Dl (x))=2f(x)f"(x)
DS ) = 2 (1) () + £ () f(x)]
2/ )+ 2 Q)P
=203)(=1)+2(4)* =26

(13)% = x? +y2:£=2
dt

When y=5,x=12,s0

) 2:
D 2oy 2 48 us
dt 5 5

sin1se =2, % _a00
X {
y =xsinl5°

d—y=sin15°£
d di

i
%:4005in15° =~ 104 mi/hr
t

W _ 20 282

2
. =202 -
a. D.(x") =24 . - . 2x
X i —|x
,
b- DX |XI = DX (—x = xz = xz = 0

c. D}|x=D (D))= D,(0)=0

d. DX({)=D,2x=2

a. Dylsing|= |51n Z' cos@ = cot f|sin 6|
sin

|cos )|
cosé

b. Dglcos6|= (-sin8) = - tan f|cos b
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54, a. f(x)=s/x+l;f'(x)=—%(x+l)-”2; a=3
L(x)=f(3)+ f'(3)x-3)
= 4+-%(4)'”2(x—3)

3.12 Additional Problem Set

1. g(2) is not differentiable at r = a if
i 8@+ h) - g(@)
h—0

does not exist.

2. y=mx+ b; Solve for x:
y-b

x= =g(y)
m
£ =f(tﬁ)=m[y_-b)+ ,

m m
=y-b+b=y
g(f(x))=g(mx+b)=wzﬂzx

m m
3. fUE) = £(-x)")
={1_[(1_xn)1/n]n}l/n iy _(l—x")}”"
={xn}lln =x

1-n
f’(x)=%(l—x") " (il

I-n
=_xn—-l(l_xn) n

U =r(a-="") @
i-n
R (B0 b i (B0 b bl

=n

1=n
Dx"'a-x") "
n=1.1-n I=n
=(1-x")" " {l-(1-x")} " x"!

l-n

={x"yn X" =

s a0 GFE)=G(¥x1-7)= (7] +r
Vi -7+7 =V =x for x2 VT
FGoN=F(y+7)= (\/ﬁ)zn
=2 +7-7={y =y for y20
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xl—n+n—l =1

b. F'(x)=

b. f(x)=xcosx; f'(x)=—xsinx+cosx; a=1
L(x) = )+ £ () (x-1)
=cosl+(-sinl+cosl)(x—1)
=cosl—(sinx +sinl+(cosl)x—cosl
=(cosl-sinl)x+sinl
~-0.3012x+0.8415

If we think of a function as a rule which tells
us what to do to a value for x, then the
inverse of that function should undo what the
function does. In other words, if we put the
output of the function into the inverse
function, we should be back where we
started from — at x.

| 2y = X
2\/x2—7 Jx2—7
1

Dy =
2y +7 g 2 +7

G'(»=

¢. F(GUNG'(y)= F’(\/yz +7)G'(y)

\[yz_nz 2
T 7

_ y _ Y

NN N )

G'(F(x))F'(x) = G'(\/xz - 7)F'(x)
x2—7 X x

2_7)2” Va7 Vx?+7-7

==
=

. a. Using the chain rule,

D (r+1)" )= n(r+1)"

b. (r+1)"=C"+CI 7w 4 Chr+ D

SO
D,[(r+ )" =D, (Chr" +Cy "
+Clr+CY)

=nCl" +(n-)C 24 4 C
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- - - -2 n=2
(r+) T =Crl e i

+ C,],_lr + Cl?-l
SO
D,[(r+1"1=n(r+1)""

= nC' )PV e nCh 2w nCh_r+nCO

n n-

Equating like powers of 7,

nC" = nC7], (n-)C = nCIZE,
(n—.’Z)C,',’_2 =n ,',':?,...,C,l, =nC,?_l
or

mC™ = nC!

¢ C =1 thus2.C3=2¢,C2=C} =1

Similarly, C3 =C} =CP' =1
For m < n, then using part b repeatedly,

n-1

A o e L
m m-1
_n-(n-1) _n-2 =3
m-(m-1) m-2 n-3
__nn=D.(n-m+2)
h m-(m-1)...2 nom+l
_n(n=-D.(n-m+1) o
m-(m-1).2-1 "
_n-(n=1).{n-m+])
1-.2-..-om
6. a. x 0.01 | 0.02f 003 | 0.04 | 0.05
V1+x | 1.005| 1.01| 1.0149| 1.0198| 1.0247
1+§ 1.005| 1.01| 1.015| 1.02 | 1.025

The values of V1+x and l+§ are very

close.
1
b. dy= dx Atx=0,
2N+ x
1
dy = —dx
Y 2

dx | 0.01| 002 003 0.04| 0.05

dy | 0.005 0.01| 0.015| 0.02

0.025

. eITor is positive.

1 . .
a= —5, €rror 1s negative.
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1

1
dy = de; atx=4, dy=——=dx and
Y o lrx 25
y=+5.
(1+x)]/2::\/§+ l (x—4) for x near 4.

2J5

7. No. The linear approximation is L(x) = x for
both y =sinxand y = tan x.
For sinx, the error is negative when
x > O because the approximation lies above the
curve; the error is positive when x < 0 because
the approximation lies below the curve.
For tan x, the error is positive when x> 0
because the approximation lies below the curve;
the error is negative when x <0 because the
approximation lies above the curve.

8. a. g'(6.0)~

60_;45=15

86-68

g'(1.5) = 18

77-68

g'(1.25) = 18

b. g'(7.0)=

77;60=17

The rate of change of g’ is approximately 2.
17-15

( 1

first part of a.)

=2 using the above value and the

c. g'(7.0)=17 so the tangent line is

approximately
y—-68=17(x-T)or
y=17x-51

d. g(7.1)~17(7.1)-51=69.7

e. g2'(x)=2x+3
g2'(6)=15,g'(7.5)=18,g'(7.25) =117.5.
g"(x) =2, so the rate of change of
g'(x) is equal to 2.
g'(7.0)=17, the tangent line is

y=17x-51.
g(7.1)= 69.7

9. a. f(3)=V4-2.1=-0.1,

£(8)=+/9-2.1=0.9 so there must be at

least one zero of f{x) between
x=3and x=8.
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) 1 . 1 b. dP=P'(A)dA
b. f'(x)= f8) =~ , (4) .
2Vl+x 6 P'(93.5) =10.5 while
= . - = in2
L(x)= 0.9+l(x—8) or L(x) = .. dA=8.7-11.2-93.5=3.94 in.
6 6 30 dP =10.5-3.94 = 41.37 ¢lpg
L(x)=0 when x = B 2.6 which is less GM, GM
5 12. a.  lim g()= lim ——2l=—2‘=
than three, so must be discarded. roR* r—R* r R
1 lim g(r)= lim GM;’ =G—A§' =
c. f,(3) = Z r—-R” r»R~ R R

| Thus, g(r) is continuous.
L(x)=-0.1+—(x-3) or
4 b. t_g
L(x)=0.25x - 0.85 2

L(x)=0 whenx=3.4 i 20

d. fix)=0atx=34l 16

e A -

1.25
!
0.75 0

Wl -
x
e

N
[
£

~

» Y

.0,25’/3'456789

10. a. Error(a)=fla)- L(a)
=fa)-[c+m(a-a))=fla)-c —L ifr<R
Error(a) =0 implies fa) =c. R?

b. |Error(x)|s|K(x}x-a)| so 64/R
Error(x)

x-a
Thus, since lim K(x)=0, 0 ll?
Fl

<|K(x) - o—

x=a

im £778) g, - /
x—»a X—Q
—64/R—

Error(x) _ f(x)-L(x)

_ J};g e+ m(x x-—aa) _f)-c o d. No, the derivative is not continuous at r = R.
x-a x-a x-a ' 13. Measure r in feet for consistency.
0= tim 73 _ fim [M_m] GM
x=a X-—-a x—»al x—a a. 2l =32 ft/52
R
. f(x)-f(a) )
=l im———=|-m= f'(a)-m, - N
[Ha ops J@ Ag = g(3956 mi) - g(R)
hence f'(a)=m. _ GM;(20.887,680) GM,
R’ R?
11. a. 5_‘01z 0.054 ¢/in.2 - GM, 20,887,680_1
93.5 R2 120,908,800

_3pf 21120
20.908,800
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528

- 220 00323 fus?
16.355
__528
Ag _THeass .33 40010
g 32 32.710
28 ,100=-0.10
g
52
dg GM'dr_3’( 21,120) = ——0__ ag
16.355

The exact and approximate values of the
absolute, relative, and percent change in g
are the same since g(r) is linear with respect
torforr<R.
b. Ag=g(R+30,000)-g(R)
_ GM, _GM,
(R+30,0001  R?

_GM, R
R? | (R +30,000)>

1 R% - (R +30,000)?
(R +30,000)?

2[-60, 000R —900.000,000

~-0.0916
(R +30.000)* }

—60 000 R - 900,000,000
(R +30, 000)

= -0.0029

oelg

A2 100~-029
g
dg

XM, 2 (GM‘)GO 000)
R? R\ R?

_ (-60,000)(32)
~ 20,908,800
dg _ —60,000
g 20.908.800

=-0.0918
~-0.0029

98 100~ -0.29
g

c. Ag=g(R+2000)-g(R)
GM,  GM,

(R+2000)> R’
_GM, [Rz —(R+2000)2]
TR | (R+2000)
32[-4000R ~ 4,000,000
(R +2000)*
Ag _ —4000R - 4,000,000 _

- ~1.913x107
g (R +2000)°

:Iz -0.00612
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B2 100 = -1.913x1072 = -0.019

g
2 2
dg=- GM Ldr = - (32)(2000)
ﬂ@ﬁ_) ~0.00612
20,908,800
dg 300 g13x107
g  20.908.800

98,100~ -1.913x10"2 = -0.019
g

14. a. The cross-sectional area of the vase is
approximately cqual to AV and the

corresponding radius is r =VAV /7 . The
table below gives the approximate values for
r. The vase becomes slightly narrower as you
move above the base, and then gets wider as
you near the top.

Depth V {A4=aV| r=JaVin
1 4 4 1.13
2 8 4 1.13
3 11 3 0.98
4 14 3 0.98
5 20 6 1.38
6 28 8 1.60

b. Near the base, this vase is like the one in part
(a), but just above the base it becomes larger.
Near the middle of the vase it becomes very
narrow. The top of the vase is similar to the
one in part (a).

Depth V A=AV | r=Javiz
1 4 4 1.13
2 9 5 1.26
3 12 3 0.98
4 14 2 0.80
5 20 6 1.38
6 28 8 1.60
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4

Applications of Thé
Derivative

4.1 Concepts Review
1. continuous; closed
2. extreme
3. endpoints; stationary points; singular points

4. f'(c)=0; f'(c) does not exist

Problem Set 4.1

1. f'(x)=2x+4;2x+4=0 whenx=-2.

Critical points: 4, -2, 0
A4)=4,/-2)=0,0)=4

Maximum value = 4, minimum value =0
2. K(x)=2x+];2x+1=0 when x= —%.
Critical points: -2, —%, 2
h(-2)=2 h(-l) =1 w2=s
i 2 4 3

. . . 1
Maximum value = 6, minimum value = —z

3. ¥'(x)=2x+3; 2Zx+3 =0 when x=—%.

Critical points: -2, —%, 1

3Y_ 9
Y(-2)=-2, ‘P(——z-] =-2,¥()=4

. . . 9
Maximum value = 4, minimum value = 2

4. G(x)= %(6;;2 +6x-12)= g(x2 +x-2);
¥t +x-2=0 whenx=-2, 1
Critical points: -3,-2, 1, 3

GE3)= %, G(-2)=4,G(1) = ——Z—. G@3)=9
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. gx)=-

Maximum value =9,

.. 7
minimum value = ——5-

fi(x)=3x%-3;3x2-3=0 whenx=-1, .
Critical points: —1, 1

f=D=3,)=-1

No maximum value, minimum value = -1

(See graph.)
sl

-5 ?
-5

f’(x)=3Jc2 —3;3x2—3=0 whenx=-1, 1.

Critical points: —%, -1, 1,3
3y 17
f[—5)=?,f(—l)=3,f(l)=—l, /=19

Maximum value = 19, minimum value = -1

. h(r)y= —Lz; K'(r) is never 0; h'(r) is not defined
r

when r = 0, but r = 0 is not in the domain on

[~1, 3] since A(0) is not defined.

Critical points: -1, 3

Note that lim A(r)=—0and lim A(x)=cc.
x—0" x=0

No maximum value, no minimum value.

2x 2x
A+x2)? (1+x%)?
Critical points: -3, 0, 1

=0 whenx=0

1

=i - = -
g8-3)= 1,80 Lg)=2

. .. 1
Maximum value = 1, minimum value = E
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