The Derivative
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2.1 Concepts Review 4.
1. tangent line

2. secant line

f(c+h)—f(c)
h
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4. average velocity

Problem Set 2.1
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7. y=x%+1 [(2.01)% -1.0]-7

d My =
b . e 2.01-2
& b A ~0.120601
N 0.01
n =12.0601
— e. mtan — ||m w
— h—0
_[+h)®-1-2-1
I I I | L1111, = lim
-5 B 5 X h—0 h
L . 12h+6h%+h°
= lim—m—7M8M
-3 h—0 h
2
C. Mp= 2 = lim M
h—0 h
1.01)% +1.0-2 =12
A Mo =" 011 2
0020- - 9. f(x)=x"-1
0201
- . f(c+h)-f(c)
m = lim ————~~
.01 tan hos0 h
=201 ) )
_ i Ke+M7-1-(c"-1)
_ f@+h)-fQ) h—0 h
e. My, = lim———=
e 0 h i c®+2ch+h?-1-c?+1
[A+h)? +1]- (1% +2) h—0 h
= pim h h(2c+h)
h—0 = lim———2=2¢c
_im 2+2h+h?-2 h—0
oo h At X=-2, My, =4
jim N2+h) X=-1, Megn = -2
= 1Im — _
h>0 h X=1 Mign =2

= lim(@2+h)=2 X=2, Mgy =4
h—0
10. f(x)= x3 - 3x

_ 3
8. y=x"-1 m, _jim Fe+h) - f(c)
an —

h—0 h
a., b. LY 3 3
9 _lim [(c+h)* =3(c+h)]-(c” —3c)

— h—0 h

B _lim ¢ +3c%h+3ch? +h® —3c-3h-c® +3c

h—0 h

- . h(3c? +3ch+h?-3)
= lim

= h—0 h

I At X:_2, mtan:9

X==1, Mg, =0

|
-5 | J’ 5% Xioy Man = -3
X=1 Mgn=0

-3¢2_3

C. Mgy =12 X=2, Mian =9
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11.

1
f(x)=—
) X+1

f(L+h) - (1)

Mgy = liM
h—0

21 1
= lim 2+h 2
h—>0 h
__h
_ lim _22+h)
h—>0 h
1

lim—
h—0 2(2+h)

12. f(x) :X—_

=-1
y+1=-1(x-0);y=—x-1

96 Section 2.1

13.

14.

16(1%) -16(0%) =16 ft
16(2%)-16(1%) = 48 ft

144 -64
Vo =— =80 ft/sec
ave 3 _ 2

16(3.01)? -16(3)°
Vave = 3013

_ 0.9616

001
= 96.16 ft/s

f(t) =16t%:v =32c
v =32(3) =96 ft/s

(B +)-(2%+1)

Ve = =5 m/sec
ave 3 _ 2

[(2.003)% +1]— (22 +1)
Vave =
2.003-2

~0.012009

0.003
=4.003 m/sec

v _leen?+1-(22+1)
wer 2+h-2

_ 4h+h?

h
=4+h

f(t)=t2+1

Ve lim 1 @2+m-1(2)
h—0

2+ +1]-(2% +1)

= lim
h—0 h

h—»0 h
= lim(4+h)
h—0

=4
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15 a v= lim(@+h-Tf@)

h—0 h
~im J2(a+h)+1-+2a+1
 h0 h
im V2o +2h+1-+/2a +1
h—0 h
im (V2o +2h+1-2a +1)(V2a + 2h +1+/2a +1)
h—0 h(\/2a+2h+l+\/2a+l)
. 2h
= lim
h—0 h(v/2a + 2h +1+~/2c +1)
2 1
V2o +14+2a+1 2a+1
b, -1
20+1 2
20+1=2
2a+1=4; a =
a+l=4; a= >
The object reaches a velocity of % ft/s when t :%.
2
16. f(t) =-t" +4t 18. a. 1000(3)? —1000(2)? = 5000
N h)? +4(c +h)] - (~¢? + 4c)
= 2 2
h—0 h b 1000(25)* ~1000(2)° _ 2250 _ . o
im —c? —2ch—h? +4c+4h+c? - 4c 2.5-2 0.5
h—0 h
- c.  f(t)=1000t>
= lim w =-2c+4 2 2
am n ¢ — 1im 1000(2-+h)* ~1000(2)
—-2c+4=0whenc=2 h—0 h
The particle comes to a momentary stop at 4000 + 4000h +-1000h2 — 4000
t=2 = lim
: h—0 h
. h(4000+1000h)
17. a. [%(2.01)2 +1}—E(2)2 +1}=0.02005 g = Jim —=—— ———=4000
3 3
_ 0.02005 _ 19 & dye =2~ B _ 49 giem
D. e = > ol-2 " 2.005 g/hr ave =t T, 9
NP b. f(x)=x°
C. t)=—t"+1
2 g - tim G073
_ [%(2+ h)2+1}—[%22+1] h»0
r= lim 27+27Th+9h? +h3-27
—0 h = lim H
h
) 2+2h+%h2 +1-2-1 -0 )
= lim . h(27+9h+h?)
h—0 h = lim —— = =27 g/cm
h—0
h(2+1h)
= lim—=~=2
h—0 h
Att=2,r=2
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20.

21.

22.

23.

24,

98

R(c+h)-R(c)

MR = lim
h—0 h
_ i [0:4(c+h) ~0.001(c + h)2]- (0.4c - 0.001¢?)
h—0 h
_ jim O:4c+0.4h - 0.001c? - 0.002ch - 0.001h% — 0.4¢ +0.001c?
h—0 h
_ |im N0-4-0.002¢-0.001h) _ /o oo
h—0 h

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

2 2

i 20+0)° —2()
h—0 h

_ 2+44h+2h% -2
=lim——m—mmm

h—0 h
_ jim N@=+2h) _

h—0 h

a=

4

r=lim p(C+h)_ p(C)
h—0 h

_ jim [120c+ h)? - 2(c+h)3]- (120c? - 2c®)
h—0 h
_ jim D(240c - 6c2 +120h — 6¢h — 2h?)
h—0 h
= 240c - 6¢?
When  t=10, r = 240(10) - 6(10)? =1800
t =20, r = 240(20) - 6(20)° = 2400
t=40, r =240(40) - 6(40)* =0

100-800 175
lye = ———— = ——— ~-29.167
¢ 24-0 6
29,167 gal/hr
At 8 o’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

Vayg = (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

Section 2.1

25.

26.

217.

c. 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 1 and 5.

a. Atangent line at t =91has slope
approximately (63—48)/(91-61)=0.5. The

normal high temperature increases at the rate
of 0.5 degree F per day.

b. Atangent line at t =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 atime 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.

The slope of the tangent line at t =1930 s
approximately (8 —6)/(1945-1930) ~ 0.13. The

rate of growth in 1930 is approximately 0.13
million, or 130,000, 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.

In both (a) and (b), the tangent line is always
positive. In (a) the tangent line becomes steeper
and steeper as t increases; thus, the velocity is
increasing. In (b) the tangent line becomes flatter
and flatter as t increases; thus, the velocity is
decreasing.
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28. f(t):%t3+t
f(c+h)= f(c)

current = lim
h—0 h
1 3 1.3
_ [g(c+h) +(c+h)]—(§c +c)
= lim
h—0 h
h(c2 +ch+%h2 +l)
h—0 h
When t = 3, the current =10
c®+1=20
c? =19
c= \/]5 ~4.4

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

29. A=nr?, r=2t
A= 4nt?
2 2
rate — lim 4n(3+h)° —4n(3)
h—0 h
h(24r + 4zh)

= lim
h—0

=241 km?/day

30. V :ﬂﬁr‘g,r:lt
3 4

V= iﬂ'tg
48

1 .. (3+h®-3% 27
rate=—z lim——=—1nr
48 h-0 h 48

2372' inch® /sec

31. y=f(x):x3—2x2+1
a. Mgn=7 b. Mg =0

C. mtan = _l d. mtan = 17. 92
32. y=1f(x)=sin xsin® 2x

a Mgy =-1125 b. mg, = -1.0315

c. MEn=0 d. Mian ~1.1891
33. s= f(t)=t+tcoszt
Att=3,v~ 2818

t+1)°
t+2
Att=16,v~4.277

34, s=f(t)=

Instructor's Resource Manual

2.2 Concepts Review

L ferh-f© f®-f©)
' h " t-c

2. f'(c)

3. continuous; f(x)=|x]

oy, dy
4, f(x),&

Problem Set 2.2

1 @)= lim &N =1
h—0 h
_ (@+h)?-12 . 2h+h?
= lim ——— = lim ——
h—0 h h—>0 h

= lim (2+h) =2
h—0

L feh)-1(2)

2. f'(2)=1
h—0
_ tim 2@+ -[2)F
h—0 h
2
~1im 28407 i @6+ 4h) =16
h—0 h h—0
3. f(@=lim 1EN=TE)
h—0 h
_jim [B+0)? -3+ )] -(3° -3)
h—0 h
2
Cim 2 i) =5
h-0 h h—0
4. 18- lim 1A =T
' h—0 h
11 3—(3+h)
= lim 30 AL _ g 3G _ 1
h—»0 h h—»0 h h—03(3+h)
_ 1
9
5. s/(x) = lim SX ¥ =5(X)
h—0 h
_lim [2(x+h)+1]-(2x+1)
h—0 h
= lim &:2
h—0 h
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f(x+h)= f(x) g(x+h)-g(x)

6. f'(x)=lim 12. g'(x) = lim
h—0 h h—0 h
_ iim [+ ) + Bl - (ax+ ) _ i [06+ h)* + (x+h)2]= (x* +x?)
h—0 h T hs0 h
= lim a_h:a _lim 4hx® +6h2x2 + 4h3x + h? + 2hx + h?
h-0 h " ho0 h
F(x+h) = F(X) = lim (4x® +6hx? + 4h?x +h* + 2x + h)
7. r(x) = lim VY h—0
h—0 h — 4x° 4+2x
~im [3(x+h)? +4] - (3x° +4)
h—0 h 13. h’(x)zgimw
2 —0
= tim 2030 _ i (6x+ 30) = 6 s 2\ 1
h—0 h h—0 =lim|| —=-=1|.=
h—>0[(X+h xj h}
, . f(x+h)-f(x _ _
8. f(x):llm% Cim =2 2 2
h—0 h—0| Xx(x+h) h| hsox(x+h) 2
_lim [(x+h)2 +(x+ h)+1]—(x2 +X+1)
h—0 2 h 14 50 lim S(x+hr)l—S(x)
-0
Cim 20T i 2xha1) = 2x 41
h—0 h h—0 = lim ( 1 __1 )1
h—»o|\x+h+1 x+1) h
vron i F(X+h)—f(x) -h 1
9. f (X)—Aiﬂof - lim .=
h—0| (Xx+1)(x+h+1) h
_ jim [ h)2 +b(x+h) +c] - (ax? + bx +¢) 1 1
 h0 h = lim —_
) h—0 (x+1)(x+h+1)  (x+1)?
:Aimwzgim(ZaXJrathb) b F O
-0 -0 . F(x+h)-F(x
15. F'(x)= lim ———~=
=2ax+b () hes0 h
10. /(x)= lim XN =10) _ lim 62 _ 26 1
h—0 h h—0[ { (x+h)*+1 x“+1) h
4 4 -
_ Jim ) = X7 [ e(x2+1)—6(x% + 2hx +h2 +1) 1
h—0 h = lim 5 5 > et
3 0o a4 h—0|  (x°+1)(x° +2hx+h“+1) h
. 4hx” +6h“x“ +4h°x+h - )
= lim . ~12hx —6h 1
—0 h = lim 5 5 3 F
— lim (4%° + 6hx2 + 4h2x+ h3) = 4x3 h—=0| (x“ +1)(x“ +2hx+h* +1)
h—0 : -12x—6h 12x
) f!ino (x2 +1)(x2 +2hx +h? +1) T (x2 +1)2
11, £/(x) = lim XN =)
h—0
, . F(x+h)=F(x)
_im [(x+ )2 +2(x+h)? +1]- (6 +2x° +1) 16. F'(x) = lim —=——"——
h->0 h i [(xrh=1_x-1) 1
_ i 30 +30%x+h® + A+ 2h? = xahal x+1)h
h—0 h - 2 2
— lim (3x2 + 3hx+ h2 + 4x+ 2h) = 3x2 + 4x = fjm | X -1 (T rhx-h-1) 1
 ho0 B h—0 (x+h+D)(x+1) h
[ 2h 1 2
= lim =
h—0| (x+h+1)(x+1) h] (x+1)?
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17. G'(X) = r!imow

h
. 2(x+h)-1 2x-1)1
= lim - il
h—0 Xx+h-4 x-4 ) h
- lim 2x% + 2hx—9x—8h + 4 (2x +2hx-9x-h+4) 1 — lim -7h 1
ho0 (x+h—4)(x—4) | " hoo| (x+h—4)(x=4) h
-7 7

= lim =—
h—0 (X+h-4)(x-4)  (x-4)?

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

18. G'(x)= 1
h—0
_im 20x+h)  2x |1 _ (2x+2h)(x* =x) = 2x(x* +2xh+h? =x~h) 1
h—0[{ (x+h)? =(x+h) x?-x) h hao (x% +2hx+h? —=x—h)(x? = X) h
—2h?x - 2hx? 1
= lim >
h—0| (x? +2hx + h? —x—h)(x? = X) h
_lim —2hx —2x?
h—0 (x? + 2hx + h? — x — h)(x? - X)
—2x? 2

E-x?2  (x-1)°

g(x+h)-9(x)
h

,/3(x+h -3x
0

(m V/3x)(v/3x +3h ++/3x)
= h(\/3x+3h ++/3%)

19. g'(x)= Iim

h—>

3

. . 3
= lim = lim =
h—0 h(~/3x+3h +\/3x) h—0+/3x+3h ++/3x 243X

20, g/ fim SUC1=00)

Tl 1)1
W [WTJ }
_ lim ﬂ—\/3x+3 1
h—0| 9x(x+h) h

y | (\/3x /3% + 3h)(v/3x ++/3x + 3h) 1}
= lim .
h—0|  JOx(x+h)(v3x++3x+3h) h
-3h 1

=i hOx(x+ h) (V3x +/3x+3n)  3x. 2J_ T 2x3x
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H(x+h)-H(x)
h

‘""‘K 3 3 H
T hoo| (Wx+h=2 x=2) h
im | 3YX-2-3Vx+h-2 1
h—0| J(x+h-=2)(x-=2) h

3(Wx-2-vx+h-2)(/x=2++/x+h=2)

21. H'(x)= lim
h—0

“h50 hy(x+h-2)(x-2)(Vx—2 +x+h-2)

. -3h
=
hl—rn)h[(x—Z)\/x+h—2 +(X+h=-2)vx-2]
. -3
=
hTO(x—2)\/x+h—2+(x+h—2)\/x—2
3 3

T 2(x=2)x-2 :_2(x—2)‘°’/2
H(x+h)-H(X)
h

. \/(x+h)2+4—\/x2+4
= lim
h—0 h

22. H'(x) = lim
h—0

= lim

(\/xz+2hx+h2+4—\/x2+4)(\/x2+2hx+h2+4+\/x2+4)

h—0 h(\/x2+2hx+h2+4+\/x2+4j

_ 2hx +h?
= lim
h”oh(\/x2+2hx+h2+4+\/x2+4j

. 2X+h
= lim

h—0./x2 4 ohx+h2 +4++/x2 +4
2X X

) 2\/x2+4 _\/x2+4

23. f'(x) = lim + 0= ()

t—x t—X
lim (t? —3t) - (x> —3x)
t—x t—x
_lim t2 - x? - (3t-3%)
t—x t—x
_lim (t=x)(t+x)-3(t-x)
t—x t—X
Cim S0 i x-g)
t—x t-x t—x
=2x-3

102 Section 2.2

24. f'(x)= lim + 0= ()

t—x t—X
3 03
_lim (t7 +5t) = (x” +5x)
t—x t—X
23— x3 +5t-5x
= lim————
t—x t—x
lim (t = X)(t? +tx+x?) +5(t - X)
t—x t—Xx
_lim (t—x)(t2 X+ X2 +5)
t—x t—X

= Iim(t2 X+ X2 +5):3x2 +5
t—X
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_ 38. The slope of the tangent line is always —1.
25, £'(x) = lim D=1 P g Y
t—>x t—Xx y

-l ()

tX =5t —tx 4 5x s
=hm 1 1 ! \ \ 1
t—>x (t=5)(x=5)(t — x) R — 2
3 =5(t—x) lim -5 -1
tx (t=5)(x=5)(t—x) tox (t—5)(x-5) o
5 39. The derivative is positive until x=0, then

= becomes negative.

v

4
3k
2

il L S

3x -3t . =3 3
lim—=

—
T

raf=
(1

=]
T

tox Xt(t—X)  tox Xt G

40. The derivative is negative until x =1, then

C0ud ey
27. f(x)=2x" atx=5 becomes positive.

2
28, f(x)=x"+2x atx=3 sk
3
29. f(x):x2 atx=2 By
'| =
30, f(x)=x>+xatx=3 - — / 2
1
2 =2
31. f(x)=x" atx pAl
32. f(x)= x3 at x 41. The derivative is —1 until x=1. To the right of
x =1, the derivative is 1. The derivative is
33, (1) _2 att undefined at x=1.
. . )
e
34. fy)=sinyaty R
35. f(x) = cos x at x ! o
36. f(t)=tantatt c ! 2
37. The slope of the tangent line is always 2. -2

¥
4

i
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42.

'Sl

The derivative is —2 to the left of x =-1; from
-1 to 1, the derivative is 2, etc. The derivative is

not defined at x=-1,1, 3.
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43. The derivativeis 0 on (-3,-2),20n (-2,-1),0
on (-1,0), -2 on (0,1),00n (1,2),20n (2,3)
and O on (3,4). The derivative is undefined at
x=-2,-10,1 2, 3.

44. The derivative is 1 exceptat x=-2, 0, 2 where
it is undefined.

-1k

45. Ay=[3(1.5)+2] - [3(1) + 2] =15

46. Ay =[3(0.1)% +2(0.1) +1] -[3(0.0)% +2(0.0) +1]
=0.23

47. Ay=1/12-1/1=-0.1667
48. Ay = 2/(0.1+1) - 2/(0+1) = - 0.1818

__ 3 3 o008l
231+1 2.34+1

49. Ay

50. Ay = cos[2(0.573)] - cos[2(0.571)] ~ —0.0036

Ay (x+Ax)2 - x? B 2xAx+(Ax)2

51. =2X+ AX
AX AX AX
ﬂ: lim (2x+ Ax) = 2x
dx Ax—0

Ay _[(x+4ax)° =3(x+Ax)*] - (x° -3x%)

52.
AX AX
B 3XPAX + 3X(Ax)2 —B6XAX — 3(Ax)2 +AX3
AX
=3%% + 3XAX — 6X — 3AX + (Ax)2
Yy = lim (3x2 + 3XAX — 6X —3AX + (Ax)z)
dx Ax—0
=3x? - 6X

104 Section 2.2

53.

54.

55.

56.

AY _ i~ %l

AX AX

[ x+1-(x+Ax+1) ) 1
_((X+Ax+1)(x+1)j(ﬂj
_ —AX

T (X+ AX+1)(X +1)AX

~ 1

T (X AXHD)(x+D)

Y im |- ! S
dx  ax—0| (X+AX+1)(x+1) | (x+1)2

1+ ! —(1+1)
ﬂ: X+ AX X

AX AX
1 1 —AX
_x+Ax x _ X(x+Ax) 1
AX AX X(X+AX)
ﬂ: lim ——1 :—i
dx Ax—0 X(X+AX) X2
x+Ax—1_x—1
AY _ x+Ax+1 x+1
AX AX
(x+1)(x+Ax-1)—(x-1)(x+Ax+1) 1
_ «—
(x+Ax+1)(x+1) AX
x2+xAx—x+x+Ax—1—[x2+xAx—x+x—Ax—1} 1
= ><_
X2 + XAX+ X+ X+ AX+1 AX
B 2AX Xi_ 2
X2+ XAX+ X+ X+AX+1 AX X% 4 XAX+ X+ X+ AX+1
dy 2 2 2

= lim 5 =— = 5
X AX>0 X% 4+ XAX+ X+ X+AX+1  X“+2x+1 (x+1)

(x+Ax)2 -1 x2 -1

AY _ x+Ax X
AX AX

x(x+Ax)2 —x—(x+Ax)(x2 —1) 1
B X(X+AX) X&

AX

={x(x2 +2xAx+(Ax2))x(x3+x2AxxAx)]X1
X2 + XAX

szx+x(Ax)2 FAX 1 x24xAX+1
= X — =

X2 + XAX AX X% 4+ XAX
dy iy X EXAXHL X* 41
dx A0 x2 4 XAX X2
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57.

58.

59.

60.

61.

62.

f’(O)z—i; f'(2) =1
2

’ 2 ’

f (5):5; f'(7)~-3

9'-D~=2,9')=~0

' ' 1
94 ~-29 (G)z—g

n
T T T

fx)

L1 m 11
-2 /Z \ g X

5+

g'(x)

5_
IR NN
_2 8.\'

=5

5 3

a. f@Q==;f'2)~—

2 5 2 5
f(0.5)~1.8; f'(0.5) ~ -0.6
29-19

b. =05
25-05

c. x=5

d x=35

e. x=1,35

f. x=0

g. Xz—0.7,gand5<x<7

The derivative fails to exist at the corners of the
graph; that is, at t =10,15,55,60,80. The

derivative exists at all other points on the interval

(0,85).
v
2
I Om— Cu—
Lol | | lob | éml o
30 60 9 17
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63.

64.

65.

66.

The derivative is 0 at approximately t =15 and

t =201. The greatest rate of increase occurs at
about t =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).

T
1 =

2N

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) = f(0)f(x),
hence f(0) = 1.

(@) = lim f(a+h)-f(a)

h—0 h

_lim f(@f(h)-f(a)

h—0 h
3 . f(h)-1 . f(h)-1(0)
- @ = i T
= f(a)f'(0)
f’(a) existssince f'(0) exists.
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67. If fis differentiable everywhere, then it is b. Iffisaneven function,
continuous everywhere, so . () —f(xg)

lim f(x)= li b)=2 b=f(2)=4 f'(=xg) = lim .Letu=-, as
(04 = i (bl =2 b= 0= e
andb=4-2m. ) o f(-u)- f (%)
For f to be differentiable everywhere, above, then f'(-xp) = lim T
o F)-1(2) . e °
Ha= g et = tim W= (X0) (“()_ f(’;‘)) ~ jim 1= 100)
2 u—=xg —(U—Xg u—>Xp u—Xg
im L@ i X224 i (x42)= 4 = —f'(xg)= —m.
x—2" X—2 x—2t X— x—2"
. f(x)-1(2) . mx+b-4 70. Say f(—x) = —f(x). Then
m =~ m == f(x+h)— f(=X)
x—2~ X—2 x—2~ X—2 f’(_x) lim
= lim M_ lim M_m e "
M o2~ X=2 _im TOXEMETO) iy =N =109
Thusm=4andb=4-2(4)=-4 h—0 : (h 100 h—0 h
f[x+(=h)]- f(x
65, 1= i LOE = ()10 Tty ST o WS
' 2h an even function if f(x) is an odd function.
. f(x+ hy— f(x) f(x=h)-f(x) Say f(-x) = f(x). Then
= lim + f(=x+h)— f(=X)
h—0 2h -2h f'(-x) = lim n
h—0
1 fx+h)—f() 1 . f[x+(h]-f(Xx)
== lim ——~+= |lim —h) -
2h—>0 h "2 b0 ~h _ jim S == 1)
h—0
f X + f x) = f'(x).
'(X) '(x)=1'(x) TN § b )] f(X):_fI(X) 50 £/(x)
For the converse, let f(x)=Ix} Then ~h—0 =h

fs(0) = lim pl=1=h] _ iy I0L=

=0
s h>0 2h h—>0 2h 71 15
but f’(0) does not exist. 12
-
1 3 4 5

-2
69. f'(xg) = I|m M, S0 .
—Xg t—XO 15
— — -20
t—>7X0 t—(—Xo) 8 8
.0 —; 1 0,=
i fO-fx0) R [ sj
t—>7X0 t+X0
8 8
<x<=: 10>
a. Iffisan odd function, b. O_X_3’ [ '3}
, _ i TO-[-F(=X0)]
) _t—llgo t+Xg c. A function f(x) decreases as x increases when

f! 0.
e (0 Fx) o<

ts-xg  t+xy 72.
Letu=-t. Ast > —Xg, U—> Xg and so n_s\ /X\
f'(oxg) = lim 1+ T00) sl \'/ )TN\
u—Xxp =U+Xp -1
i ST 00 W)= f (%)) e
u—xg —(U—Xg) u-xg  —(U—Xxg)
a. <X<6.8 b. 7<x<6.8
~ lim W= f(XO) = /(%) =m. g 4
U= c. A function f(x) increases as x increases when
f'(x)>0.
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2.3 Concepts Review 13. Dx(x4+x3+x2+x+1)

1. the derivative of the second; second; = Dx(x4) + Dx(x3) + Dx(xz) + Dy (X)+ Dy (1)
FO0g' () +9(0) /(%) e 4 9xal
2. denominator; denominator; square of the 4 3 ? 2
denominator; 5 4 3 2
g (x) =3D, (x") — 2Dy (x”) - 5Dy (x*)
+ 7Dy (X) + Dy (1)

3. mx"h; nx"t
=3(4x3) - 2(3x%) = 5(2x) + (1) + 0

4. KL(f); L(f) + L(9); Dy —12%3 —6x2 — 10X + 7t

Problem Set 2.3 15. Dy (nx’ —2x° —=5x7?)
, ) = Dy (x") = 2Dy (x°) = 5Dy (x %)
1. D,(2x°)=2D,(x°)=2-2x=4x
x(2x7) =20, 6) = n(7x8) - 2(5x*) - 5(-=2x73)
6 4 -3
2. Dy (3x%) =3D,(x%) =3-3x* =9x? = 7nx® —10x* +10x

3. Dy(mX)=nDy(X)=n-1=n 16. Dy (x*? +5x72 —nx~10)
= Dy (x}2) + 5D, (x %) — Dy (x 10)

3y _ 3y _ Ayl _ 2
4, DX(TEX )—TCDX(X )—TE 3X 3nx =12X11+5(—2X_3)—TC(—10X_11)

11 -3 -11
5. Dy(2x72) =2Dy (x?) = 2(-2x"3) = —4x~3 =12x"" —10x"° +107x
3 i} i}
6. Dy(-3x7*) = -3D, (x*) = -3(-4x~°) =12x7° 17. D, [—3+ X 4] =3D, (x3)+ D (x™)
X
-4 -5 9 -5
b (Ej =Dy (x ) = m(-1x?) = —nx 2 =33+ () = -
X
__
T X 18. D, (2x % +x71)=2D, (x )+ D, (x°h)
= 2(—6x‘7) + (—1x‘2) =-12x" -x7?
o 0[5 amioch-atac- 20
X 2_1 =) 2
3 19. Dy| -~ = 2D, (x 1) - Dy (x?)
Y
X
— 2 (2P =2 o
X2 X3
9. Dy (@j =100D, (x"°) =100(-5x~°)
X
6 500 20. Dy [%_%J =3Dy (X_S) - Dx(x_4)
= -500x~® = - == X x
X
= 38X~ (AX D) = b
3a 3a 3a X X
10. D, [—Sj =D (x°) =22 (-5x79)
b * 21. D L i2x]=Lp (x4 2D
_15a,5_ L5 B Pratey AR A
4 4x8

:%(—1x'2)+2(1) = —iz+2
2X
11. Dy (X% +2X) = Dy (X?) + 2Dy (X) = 2X + 2

12. D, (3x* +x%) =3D, (x*) + D, (%)
=3(4x%) +3x% =12x% +3%°
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22 Dx[i—g}ng(x'l)—DX[gj 26. D,[(-3x+2)]

3x 3 = (=3X + 2) Dy (-3% + 2) + (-3X + 2) Dy (-3 + 2)
_20x?y g 2 = (=3x + 2)(=3) + (-3x + 2)(-3) = 18x - 12
3 3x?
27. Dy [(x® +2)(x3 +1)]
23. Dy[x(x* +1)] = x Dy (x* +1) + (x* +1) Dy (x) (@ +2)D, (3 1)+ (G +1)D, (X2 +2)
= x(2%) + (x> +1)(1) = 3x% +1 — 02 +2)(3x2) + (6 +1)(2%)

= 3x4 +6x2 x4 2x

24. Dy[Bx(x3 =1)] = 3x D, (x> 1) + (x® —1) D, (3x)
=5x* +6x° +2x

=3x(3x°) + (¢ -1 (3) =12x° -3
28. Dy [(x* —1)(x% +1)]

2
25. Dy[(2x+1)7] = (x* =)Dy (X? +1) + (x? +1)D, (x* -1)

=(2x+1)Dy (2x+1) + (2x+1) Dy (2x +1) A ) 3
= (2x+1)(2) + (2x+1)(2) =8x + 4 = (X" =1)(2x) + (x* +1)(4x7)
=2x° —2x+ 4X° +4x° = 6x° + 4x° - 2x

29. Dy [(x* +17)(x3 =3x +1)]
= (X% +17)Dy (X% = 3x+1) + (x> =3x +1) D, (x> +17)
= (X% +17)(3x% =3) + (x° = 3x +1)(2X)
=3x* +48x% —51+2x* —6x% + 2x
=5x* +42x% + 2x-51

30. Dy [(x* +2x)(C +2x% +1)] = (x* +2x)Dy (3 + 2x% +1) + (X% + 2x? +1) Dy (x* + 2X)
= (x* +2x)(3x% +4x) + (C + 2x% +1)(4xC +2)

=7x8 +12x° +12x3 +12x2 12

31. Dy [(5x? = 7)(3x% = 2x +1)] = (5x% = 7)Dy (3X? — 2x+1) + (3x? = 2x +1) D, (5x% = 7)
= (5x% = 7)(6X - 2) + (3x? — 2x +1)(10X)
= 60x° —30x° —32x +14

32. D,[(3x% +2x)(x* = 3x+1)] = (3x% + 2X) Dy (x* =3x+1) + (x* =3x +1) Dy (3x% + 2X)
= (3x% + 2x)(4x° =3) + (x* =3x +1)(6x + 2)
=18x° +10x* = 27x% —6x+2

2 2
33. DX[ 1 J:(3X +1Dx (@) - @Dy (3x” +1)

3x% +1 (3x2 +1)2
_(@*+D0)-(6x) _ 6x
(3x2 +1)2 (3x2 +1)2
s D ( 2 j: (5x% —1)Dy (2) - (2)Dy (5% -1)

“\sx2 -1 (5x2 —1)2
_ (5x*-1)(0)-2(10x) 20X

(5x% -1)2 (5x% 1)
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% D [ 1 J:(4x2—3x+9)DX(1)—(1)DX(4x2—3x+9)
4x% —3x+9 (4x2 —3x+9)2
~ (4x% =3x+9)(0) - (8x-3) 8x—3
T @ -3x+9? (42 —3x+9)?
_ —8x+3
% D [ 4 J:(2x3—3x)DX(4)—(4)DX(2x3—3x)
X 2x3 - 3x (2x3—3x)2
_(2x°-3x)(0)-4(6x% -3)  —24x% +12
- (2x3 —3x)2 - (2x3 —3x)2
37 D [x—lj:(x+l)DX(x—l)—(x—l)DX(x+1)
“Ix+1 (x +1)?
_(x+D)@)-(x-@) _ 2
- (x+1)2 - (x+1)2
8 D [2x—1} _ (x=D)Dy(2x-1) - (2x-1)Dy (x-1)
“Ux-1 (x-12)2
_(x=D@)-2x-n@) _ 1
I s
2. b [sz_lj _ (3x+5)Dy (2x* ~1) - (2x* ~1)D, (3% +5)
X1 3x+5 (3x+5)°
_ (3x+5)(4x) - (2x* -1)(3)
(3x+5)?
6X° + 20X +3
- (3x+5)2
0. D [5x—4J:(3x2+1)DX(5x—4)—(5x—4)DX(3x2+1)
“13x? 41 (3x2 +1)2
_ (3x% +1)(5) - (5x - 4)(6X)
- (3x2 +1)2
 —15x? +24x+5
(3x% +1)?
i D {2x2—3x+1j _ (2x+1)D, (2x% ~3x-+1) — (2x* ~3x + ) D, (2x +1)
X 2Xx+1 (2x +1)?
(2x+1)(4x-3) - (2x% =3x+1)(2)
- (2x +1)°
_ 4x% +4x -5
T (ex+1)?
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5x2 +2x—6 ) (3X—1)Dy (5x? + 2x —6) — (5X° + 2X — 6) Dy (3x —1)
42. D, =
3x-1 (3x—1)
_ (3x=1)(10x+2) —(5x* +2x-6)(3)

(3x-1)°
_ 15x% -10x+16
C (Bx=1)?
43, DX[XZ - x+1} _ (x2 +1)Dx(x2 —x+1)—(x2 —x+1)DX(x2 +1)
X2 +1 (x2 +1)2
(% +D)(2x=1) - (x* - x +1)(2x)
- (x2 +1)2
B X% -1
- (x2 +1)2
44,

Dx(x2—2x+5]:(x2+2x—3)DX(x2—2x:5)—(x2—22x+5)DX(x2+2x—3)
X5 +2x-3 (x*+2x-3)

(X% +2x-3)(2x—2) — (X2 = 2x+5)(2x+2)

- (x2+2x—3)2

 4x%-16x-4

_(x2+2x—3)2

45. a. (f-9)(0)=f(0)g'(0)+9(0)f'(0)
= 4(5) + (-3)(-1) = 23

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

9(0)f'(0)- f(0)g'(0)

c. (f/9)(0)=
/ 9%(0)
_3ED-46) 17
(-3)? 9

46. a. (f-g)@)=f'(3)-g'(3) =2-(-10)=12
b. (f-9)Q)="f(3)9'(3)+9(3)f'(3)=7(-10) + 6(2) =-58

f39'®)-9@) '@ _7(-10)-6(2) _ _82

¢ (9/1)@3)= 7 o =

47. D F(OF = DyLf () F(x)]

= f(X)Dy[f (x)]+ f (x)Dy [ (X)]
=2.(x)-Dy f (X)

48. Dy[f(x)g(x)h()] = f (x)Dx[a(x)h(x)]+ g (x)h(x) Dy f (x)
= F()[9(x)Dxh(x) + h(x) Dxg ()] + g (x)h(x) D f (x)
= F(x)g(x)Dxh(x) + T ()h(X)Dxg(x) + g(x)N(x) Dy f (x)
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54. Proof #1:

Dy [T ()= 9(X)] =Dy [ f () +(-Dg(x)]
=D, [ F()]+ D [(-Dg(x)]

49. Dy (x? —2X+2)=2x-2
Atx=1: Mg, =21)-2=0
Tangent line:y =1

50 D [ 1 j_ (x* +4)Dy (1) - () Dy (x* +4) =D, f (x)~ D,g(x)
. Dy =
X +4 (X2 +4)2 Proof #2:
(P00 -(2x)  2x
- (x2+4)2 - (x2 +4)2 Let F(x)= f(x)—g(x). Then
2(0) 2
Atx=1 My, =———t—=—— , [ F(x+h)—g(x+h) || f(x)-g(x)
tan (12 +4)2 25 F (X):r!i‘%[ n ] [ ]
Tangent line: y—lz—i(x—l) _im | J&HM - T(X)  g(x+h) - g(x)
5 25 h—0 h h
y=-2x+L = 100 -9'(4)
25 25
3_ 2 2
51. Dy(x*—x7)=3x"-2x 55. a. Dy (-16t2 + 40t +100) = —32t + 40
The tangent line is horizontal when m, = 0: v =-32(2) + 40 = -24 ft/s
Mg =3%° = 2x =0 b. v=-32t+40=0
x(3x—2)=0 _5 s
2 4
x=0and x=§
> 4 56. Dy (4.5t% +2t)=0t+2
(0,0) and (5’_Ej 9t+2=30
28
t=—-:

1 9
52. Dx[—x3+x2—xj:x2+2x—1
3 57. Mgy = Dy (4x—x2) = 4—2x

Mian =x24+2x-1=1

The line through (2,5) and (xg, Yg) has slope

x2 +2x-2=0 Yo =5
L —22\A-402) X =2

- 2 - 4% — Xo? =5
:—1—\/§,—1+\/§ 4_2XO - XO—2
x=-1%+/3 22 +8%) —8 = —xg2 + 4%y =5
(—1+\/§,§—\/§j,(—1—\/§,§+\/§j x02—4x0 +3=0

(X =3)(xp-1)=0
53.  y-100/x® =100x5 Xo=1, % =3
' = -500x°5 At xg=1: yo=41)-(1)? =3

Man = 4-2(1) =2
Tangent line:y—-3=2(x—-1);y=2x+1
At xg =3:yo =4(3)-(3)* =3

Mign =4-2(3) =-2

Tangent line:y—3=-2(x-3); y=-2x+9

Set y' equal to -1, the negative reciprocal of
the slope of the line y = x. Solving for x gives

x = +500%/® ~ +2.817
y = +100(500) >/ ~ +0.563

The points are (2.817,0.563) and
(-2.817,-0.563) .
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58.

59.

60.

112

D, (xz) =2X
The line through (4, 15) and (xg, Yg) has slope
yo—_15. If (Xg,Yg) isonthecurve y= x2, then
Xg —
X0 -15
Mgy = 2Xg = .
tan 0 Xo — 4

2X% —8Xq = Xo° —15

Xo2 —8Xg +15=0

(X0 =3)(X% -5)=0

At Xo =31y =(3)* =9

She should shut off the engines at (3, 9). (At

Xg =5 she would not go to (4, 15) since she is
moving left to right.)

D, (7 - x?) = —2x
The line through (4, 0) and (X, Yg) has
slope 20 =0 it the fly isat (Xg,Yo) When the
Xo -4
: . 7-%>-0
spider sees it, then my,, = -2xg = ———.
X -4
—2x02 +8%g=7- xo2
XO2 -8Xg+7=0
(X =7)(%-1)=0
At Xg=1:yg=6
d=(4-1)%+(0-6)2 =+/9+36 =+/45 =35
~6.7

They are 6.7 units apart when they see each
other.

— so the slope of

P(a, b) is (a, lj D,y =
a

the tangent line at P is _iz' The tangent line is
a

y—lz—iz(x—a) or yz—iz(x—Za) which
a a a

has x-intercept (2a 0).

d(o,P) = / ,d(P A) = /(a 2a) +—
/az +— =d (O, P) so AOP is an isosceles
a®

triangle. The height of AOP is a while the base,
— 1
OA has length 2a, so the area is E (2a)(a) = a.

Section 2.4

4
61. The watermelon has volume 5 nr3; the volume
of the rind is
3
\Y zﬂnr3 —in r _r :ﬂnr?’.
3 3 10 750

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

DV =2k ar2 - 2l pqgp2 - 42T
250 250

per cm of radius growth. Since the radius is

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

5427

~340 cm3

growing at the rate of (2) ~ 681 cm® per

week.

2.4 Concepts Review

sin(x + h) —sin(x)
h

1.

2. 0;1

3. oS X; —sin X

y_£:£( _zj

4, cos£=
3 2 2 3
Problem Set 2.4

1. Dy(2sin x + 3 cos X) = 2 Dy(sin x) + 3 Dy(cos X)
=2Cc0s X—3sinx

2. Dx(sin2 X) = sin x Dy (sin x) +sin x Dy (sin X)
=sin X COS X + Sin X COS X = 2 Sin X COS X = sin 2X
3. Dx(sin2x+cos2 X)=Dy(2)=0

4. Dy (1—cos2 X) = Dy (sin2 X)
=sin x Dy (sin x) +sin x Dy (sin X)

=sin X cos X + sin X cos X
=2 sin X €os X = sin 2x

1
D R
X[cosx]

_ cosx Dy (1) - (1) Dy (cos x)
cos? x
_sinx 1 sinx

cos? x COSX COSX

o

D, (secx) =

=secxtan x

Instructor’'s Resource Manual

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



1
6. D,(cscx)=D,| —
x(escx) X(sinx)

_ sinx Dy (1) — (1) Dy (sin x)
sin® x

_—cosx _ -1 cosx

sin2x  sinx sinx

= —Cscxcot x

sin x
7. D,(tanx)=D,| —
COS X
_ cosx D, (sinx) —sinx D, (cos x)
cos® x
cos? X +sin? x 1 2
€os” X C0s“ X

sin x
_sinxD, (cosx)—cosx D, (sin x)
- sin? x
_ —sin?x—cos?x _ —(sin? x+cos? x)

sin? x sin? x

1
i =—csc? x
sin“ x

0. D, [sm X + COS XJ

8. D,(cotx) =D, (@j

COS X
cos x D, (sin x +cos x) — (sin x + cos X) D, (cos X)

- cos’ x
_ COs x(cos X —sin x) — (—sin2 X —Sin Xcos X)

COS2 X

cos? x+sin? x 1 2
= 5 =———=sec’ X

COs™ X COS™ X

1. Dx(xcos;ursm x)
X +1

_ (x? +1)D, (xcos X +5in x) — (xcos x +sin x) D, (x? +1)

(x? +1)?
3 (x2 +1)(=xsin X + €0S X + €0S X) — 2X(X COS X + Sin X)
- (x2 +1)2
a —x>sin x —3xsin X +2c0s X

(x? +1)2

Instructor's Resource Manual

0. D, (sm x+cosxj

tan x
tan x D, (Sin X + cos x) — (sin X+ cos x) D, (tan x)
- tan® x
_ tanx(cosx —sin x) —sec? X(sin X + cos X)
- tan? x

. sin?x  sinx 1 sin? x
=|SINX— - T + 3
COSX COS®X COSX cos? X

. sin®x  sinx 1 cos? X
=|sinx— ——- —
cosx cos®x cosx )\ sin?x

11. D, (sinxcosx) = sin xD, [cos X]+cos XD, [sin ]

= sin x(—sin x)+cos x(cos x) = cos® x —sin” x

12. D, (sinxtanx)=sin xD, [tan x|+ tan xD, [sin X]

=sin x(sec2 x)+ tan x(cos x)

. 1 sin X
=sinx 5 +——(cosx)
COS” X COS X

= tan xsec X +Sin x

sinx) XD, (sin x)—sinxD, ()
13. D=~ = "
_ XCOSX—Sin X
X2

14. D, (1_003 XJ XD, (1-cosx)—(1-cos x) D, (x)

X X2
Xsin x+cosx—1

X2

15. Dy (x2 COSX) = G D, (cos x) + cos x Dy (xz)

= —x%sin x+2xcos x
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17.  y=tan?x = (tan x)(tan x) b. Dy(20sint)=20cost

D, ¥ = (tan x)(sec? x) + (tan x)(sec” x) Att= % rate = 20 cos% —10+/3 ~ 17.32 ft/s

= 2tan xsec? x o
c. The fastest rate 20 cos t can obtain is

18.  y=sec® x = (sec? x)(sec x) 20 ft/s.
D, y = (sec? x)sec x tan x + (sec x) D, (sec? x) 25. y=tanx
=sec® x tan X+ sec X(Sec x - sec x tan x y' =sec? x
+5ec X -sec x tan x) When y=0,y=tan0=0 and y'=sec’0=1.
=sec? xtan x + 2sec> xtan x The tangent lineat x=0is y = X.

=3sec’ xtan x )
26. y=tan‘ x = (tan x)(tan x)

19. Dy(cos x) = -sin x y' = (tan x)(sec? x) + (tan x)(sec? X)
Atx =1: my, =-sinl~ -0.8415

y =cos 1 ~0.5403
Tangent line: y — 0.5403 = —-0.8415(x — 1)

= 2tan xsec? x
Now, sec? x is never 0, but tan x = 0 at
x = kz where K is an integer.
2

20. Dy(cotx) =-csc” x 27.  y=9sinxcosx
Atx=%:mtan =-2; y' = 9[sin x(-sin x) +cos x(cos x)]
y=1 =9|:Sin2X—COSZ x}
Tangent line: y—1:—2[x—%j =9[-cos2x]
The tangent line is horizontal when y'=0 or, in
21. D, sin2x = Dy (2sin xcos x) this case, where cos2x =0. This occurs when
= 2[sin x D, cos X +cos x D, sin x| X = %+ k% where K is an integer.
= -2sin? X+ 2c0s? X
28. f(x)=x-sinx
22. D, c0s2x =D, (2cos? x—1) = 2D, cos? x—D,1 f'(x) =1—cos X

=—2sin X COS X f'(x)=0 when cosx=1; i.e. when x =2kxz

where K is an integer.
f'(x)=2 when x=(2k +1)z wherek is an

:30(—25in2t+2c032t) integer.

23. Dy (30sin2t) = 30Dy (2sintcost)

. = 60cos 2t 29. The curves intersect when /2'sin x = /2 cos x,
30sin2t =15 ) . -
sin X = cos X at X=" for 0 <x <7

. 1
sin2t=— .
2 DX(\/Esinx)zx/Ecosx; 2cos—=1
V4 V4 4
A=— o t=— .
6 12 Dx(ﬁcosx):—ﬁsinx; —\/Esinzz—l
T b
At t= IS 60 COS(Z Ej =30V3 ft/sec 1(-1) = -1 so the curves intersect at right angles.
The seat is moving to the left at the rate of 3043 30. v= Dy(3sin2t) =6cos2t
fiss. At t=0:v=6cm/s
24. The coordinates of the seat at time t are t =§ :v=—6 cmls

(20 cos t, 20 sin t). t— 7o v=6ems

a. (20005%,205”1%)2(10\@,10)
~(17.32, 10)
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. 2 ain 2
31, Dy (sinx?) = lim SN(X M7 =sinx

h—0 h
. sin(x2 +2xh + hz) —sinx?
= lim
h—0 h
_ i SiNX° c08(2xh + h?) +cos x° sin(2xh +h?) ~sin x* _ jin S0 x2[cos(2xh +h?) =1] + cos X% sin(2xh + h?)
h—0 h h—0 h
. . ,cos(2xh+h?)-1 » sin(2xh +h?)
=lim@x+h)|sinx? =22 T2 cosx? 2~ L oy(sin X2 - 2 y= 2
lim( ) PN Y 2x(sin x“ -0+ c0s x“ -1) = 2X€OS X
H _ai _ 3, _ 2
32. Dy (sin5x) = lim sin(5(x + h)) —sin 5x 34. f(x)=cos’x—1.25c0s” x+0.225
n—0 h Pmiret. 5767963
. . M1ln=1l.
_ .. sin(5x +5h) —sin 5x Hmax=i., 1419926
= lim Hacl=.1 —
h—0 h Ymin= -2
. sin5xcos5h +cos5xsin 5h —sin 5x M " \
= lim Hres=1 [E=1.85238z2 w=a
h—0 h
. . cos5h—1 sin5h nEer‘wWNH):H:I
= lim | sin5Xx————— + c0s5x -1, 241604255
h—0 h
= lim [SSin 5XM+50055X sm5h}
h—0 5h
=0+5c0s5x-1=5c085% Xy =1.95
f'(xg) »-124
33. f(x) =xsinx (xo)
a 19 2.5 Concepts Review
15
10 m\ / , '
: 1. Dw; F(g(t)g'®
5 35}(57?(\ of 115 s\ ipsf 7,
10 \W 2. Dyw;G'(H(s))H'(s)
-15 fix) ) )
3. (FX))%;(f(x
b. f(x) =0 has 6 solutions on [z,67] (T (T o)
f'(x) =0 has 5 solutions on [7,67] 4 2xcos(x2);6(2x +1)
c. f(x) =xsinxis a counterexample.
Consider the interval [0, 7]. Problem Set 2.5
f(-—z)=f(x)=0 and f(x)=0 has
( ) ( ) . () 1. y=u15andu:1+x
exactly two solutions in the interval (at 0 and Dov < D.v.Dou
7). However, f'(x)=0 has two solutions xY _14 uy-Ex
in the interval, not 1 as the conjecture =(5u™)@)
indicates it should have. =151+ x)**
d. The maximum value of | f (x) - f'(x)| on 2. y=u® andu=7+x
[72',672'] iS about2493 D y_D yD u
XJ — U X
= (5u")D)
=5(7+x)*
3. y=u5 andu=3-2x
Dyy=Dyy-Dyu
= (5u*)(=2) = -10(3 - 2x)*
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4. y=u7 and u =4+ 2x° 10. y=cosuand u =3x> - 2x
D,y =D,y -Dyu D,y =D,y-Dyu
= (7u®)(4x) = 28x(4 + 2x%)" = (-sin u)(6x - 2)
=—(6x— 2)sin(3x2 —2X)

5. y=ull and u=x3-2x%+3x+1
D,y = D,y-Dyu 11 y=u3 and u = cos x

= 11t @3x% - 4x+3) nyz Dyy - Dyu
=11(3x% - 4x+3)(x® - 2x2 + 3x+1)'° = (Bu”)(=sinx)
= —3sin xcos? x

2 _x+1

6. y=u‘7 and u =x
Dyy =Dyy-Dyu
=(=7u"®(2x-1

=-70x-)(x> - x+1)7

12. y:u4, u=sinv, and v = 3x?
Dyy=Dyy-Dyu-Dyv
= (4u3)(cosv)(6x)
= 24x5in3(3x2)cos(3x2)

7. y:u‘5 andu=x+3

X+1
Dyy=Dyy-Dyu 13. y=u® andu:%:L
— (5U)(1) = 5(x+3)E = -— D,y = D,y-Dyu
(x+3) (a2 X DD+ = (+ DD, (1)
(x-1)?

8. y:u'9 andu=3x%+x-3

D,y =D,y-D,u :3(x+1)2( -2 J:_6(X+1)2
— (<u™1%)(6x +1) x=1) { (x-1)° (x-1*

= -9(6x+1)(3x% +x-3)~10

14, y:u‘3 and u:X

9(6x+1) X—m
C (3x2+x-3)1 Dyy =Dyy-Dyu
:(_3U—4)_(X—R)Dx(X—Z)—(X—2)Dx(X—W)
9. y=sinuand u=x%+x (x—n)2
Dy =Duy-Dyu x-2\* @-n) L (x-n)?
- -3 -3 2-
(cos u)(2x + 1) (X—nj x—m)? (x—2)4( m)

=(2x+1) cos(x2 +X)

2

15. y=cosuand u=3L
X+2

2 2
D,y =D,y-Dy = (-sinu) (x+2)Dy (3x°) = (3x“) Dy (X +2)

(x+2)?
i 3x% ) (x+2)(6%) - (3x°)(1) :_3x2+12xsin 3x°
X+2 (x+2)? (x+2)° X+2

2
16. y=u3, u=cosv, andv=x—
1-x

(1~ x)Dy (x*) - (x*) Dy (1 X)
1-x)?

_ 30082 X2 in x2 ) (1= x)(2%) - (x*)(=1) :"3(2""‘2)0052 x2 in G
1-x 1-x (1-x)? 1-x)? 1-x 1-x

Dyy=D,y-Dyu-Dyv = (3u2)(—sin V)
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17. Dy[(3x-2)?(3=x%)?]= (3x—2)? Dy (3- x?)? + (38— x?)? D, (3x - 2)?
= (3x-2)2(2)(3- x2)(=2x) + (3- x*)% (2)(3x - 2)(3)
=2(3x - 2)(3— x?)[(Bx— 2)(=2x) + (3— x2)(3)] = 2(3x—2)(3— X%)(9 + 4x—9x?)

18. D, [(2-3x?)*(x" +3)%] = (2-3x%)* D (x” +3)% + (x” +3)° D, (2-3x%)*
=(2-3x°)*@)(x" +3)2(7x®) + (x" +3)3(4)(2-3x%)3(=6x) =3x(3x% = 2)3(x” +3)?(29x’ —14x° + 24)

1 b {(xﬂ)z}(3x—4)DX(x+1)2—(x+1)ZDX(3x—4) _ Bx=4)@(x+D)M) - (x+1)?(3) _ 3x* -8x~11
*| 3x-4 (3x—4)? (3%~ 4)? (3x-4)°
_ (x+9)Ex-11)
T (3x-4)?
0. D { 2x—3 :lz(x2+4)2DX(2x—3)—(2x—3)DX(x2+4)2
X (X2+4)2 (X2+4)4
(822 - (2x-3)()(x* +4)(2x) _ —6x? +12x+8
- (x2+4)4 - (x2+4)3

21 y'= 2()(2 +4Xx2 +4), = Z(XZ +4X2X): 4X(X2 +4)

22. y'=2(x+sinx)\x+sinx) = 2(x+sin xYL+cosx)

’ D(3t—2\j3_3(3t—2j2 (t+5)Dy (3t — 2) — (3t — 2) Dy (t +5)
W t+s ) Ltes (t+5)>2
_ 3(3t-2j2 (t+5)(3)-(3-2)Q) _ 513t -2)>
t+5 (t+5)° (t+5)*

24,

5 29 _(s+4)Ds(s” -9)— (s’ -9)Ds(s+4) _ (s+4)(25)— (s -9)(1) _s*+85+9
S| s+4 (s+4)2 (s+4)2 (s+4)2

d 3 3 d
25, i((3t—2)3jz(t+5)dt(3t_2) CEEATREY @en@E-220) - @-2°0)

dt| t+5 (t+5)? (t+5)°
_ (6t+47)(3t- 2)?
(t+5)>

26. i(sin3 6)= 3sin? Ocosd
dé

- ﬂ:i( sinx js :3( sinx jz d sinx :3( sin x jZ.(COSZX):X(Sin x)—(sinx)%(cost)
dx dx\ cos2x cos2x ) dx cos2x COS 2X cos? 2x
B ( sin x JZ COS XCOS 2X + 28in XSin2X 3sin? x cos X 03 2x + 6sin® xsin 2x
- “Lcos2x cos® 2x - cos* 2x
B 3(sin2 X)(COS X COS 2X + 25sin Xsin 2X)
- cos* 2x
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dy d . 2 . d 2 2 d, .
28. — =—[sinttan(t® +1)] =sint-—[tan(t® +1)] + tan(t® +1)-—(sint
it dt[ (t° +1)] O|t[ (t*+1)] ( )dt( )

= (sint)[secz(t2 +1)](2t) + '[an(t2 +1)cost = 2tsintsecz(t2 +1)+ costtan(t2 +1)

2 2
x2 +1 (x+2)DX(x2 +1)—(x2 +1)Dy (x+2) _3 x2+1) 2x% +4x-x% -1 _3(x2 +1)2(x2+4x—1)
X+2 (x+2)? X+2 (x+2)? (x+2)*

29. f'(x) =3{

f'(3)=9.6

30. G'(t)=(t2+9)°D, (12 -2)* + (12 -2)* D, (t2 +9)° = (t* +9)3(9)(t? - 2)3(2t) + (t? - 2)* B)(t? + 9)?(21)
= 2t(7t% +30)(t2 +9)2 (t* - 2)°
G'(1) = -7400

31. F'(t) =[cos(t? +3t+1)](2t+3) =(2t+3)cos(t’ +3t+1); F'(1)=5cos5~1.4183

32. g'(s) =(cosms)Dy (sin2 TS) + (sin2 nS)Dg (cosns) = (cosns)(2sin ns)(cos ns)(m) + (sin2 7S)(—sin ns)(m)

= ntsin [ 2 cos? s —sin? |
(i)
2
33. Dy [sin4(x2 +3x)] = 4sin3(x2 +3x) Dy sin(x2 +3x) = 4sin3(x2 +3Xx) cos(x2 +3Xx) Dx(x2 +3Xx)
= 4sin® (x2 +3x) cos(x2 +3x)(2x+3) =4(2x+3) sin® (x2 +3x) cos(x2 +3x)
34. Dy[cos® (4t —19)] = 5cos* (4t —19)D, cos(4t —19) =5cos* (4t —19)[-sin(4t —19)]D; (4t —19)

= —5cos* (4t —19)sin(4t —19)(4) =-20cos” (4t —19)sin(4t —19)

35. Dy [sin3(cost)]:Z%sinz(cost)Dt sin(cost) :35in2(cost)cos(cost)Dt (cost)

= 3sin® (cost) cos(cost)(-sint) = -3sintsin?(cost) cos(cost)

36. Dy cos* (U—Hj = 4co0s® (U—HJ Dy cos(u—ﬂj =4cos® (U—Hj —sin(u—ﬂj Dy (U—Hj
u-1 u-1 u-1 u-1 u-1 u-1
u+1jsin(u+1)(u—1)Du(u+1)—(u+1)Du(u—1) __ 8 cos3(u+1jsin(u+lj

u-1 u-1 (u-1)° (u-1) u-1 u-1

= —4cos3 (

37. Dy [cos4 (sin 02)] = 4cos® (sin 92)D9 cos(sin 92) =4cos® (sin 92)[—sin(sin 92)]D9 (sin 92)

=—4cos® (sin Hz)sin(sin 492)(005 02)Dg (492) =-80cos® (sin Hz)sin(sin 92)(003 02)

38. Dy [xsin?(2X)] = X Dy sin?(2X) +5in? (2x)Dyx = X[25in(2X) Dy sin(2x)] +sin? (2x) (L)
= x[2sin(2x) cos(2x) Dy (2x)]+sin2(2x) = X[4sin(2x) cos(2x)]+sin2(2x) = 2xsin(4x)+sin2(2x)

39. Dy{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. Dt{cos2 [cos(cost)]} = 2 cos[cos(cost)]D; cos[cos(cost)] = 2cos[cos(cost)]{-sin[cos(cost)]}D; cos(cost)
= —2cos[cos(cost)]sin[cos(cost)][-sin(cost)]D; (cost) = 2cos[cos(cost)]sin[cos(cost)]sin(cost)(-sint)
= -2sint cos[cos(cost)]sin[cos(cost)]sin(cost)
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41. (f+9)@)=1'4+9'(4)

53.
z1+§z
2 2
42. (1-29) (2)= 1'(2)~(29) (2) 54,
= f'(2)-29 (2)
~1-2(0)=1
, 5.
43. (fg) (2)=(fg'+gf ')2)=2(0)+1(1)=1
9°(2)
LO0-B)) _, 56
?
45. (f-g)'(6)="f'"(9(6)9'(6)
=f'(2)9'6) (-1 =-1
46. (9o 1)@ =g'(fENF'A o
@@ ~[3n=2
=g'(f (3)~[2j(1)— 5
47. D,F(2x)=F'(2x)D, (2x)=2F'(2x)
18 DXF(x2 +1): F'(x2 +1)Dx(x2 +1)
=2xF’(x2+l)
19. D|F()?]=-2(FO)*F )
d| 1 B 58.
50. — = 2(F F
e e
d 1 d
5. | (1+F (22))" | =2(1+ F (22))(1+ F (22))
=2(1+ F(22))(2F'(22)) = 4(1+ F (22)) F'(22) 59.
d 2 1 ] d|: 2 -1
52. —|y’+ =2y+—— F(y) }
dy[ F(v?)] dy (F(") .

2yF'(y?
oy-F(y) Sy gy )

K (F())

Instructor's Resource Manual

% F(cosx)=F'(cos x)%

=—sinxF'(cos x)

(cosx)

dicos(F(x)) = —sin(F(x))diF(x)

=—F'(x)sin(F (x))
[tan( (2x))} sec’(F(2x))D «| F(2x)]
=sec’ (F(2x))x F'(2x)x D, [2x]

= 2F'(2x)sec’ (F (2x))

d d
. — tan2x) |=g'(tan2x)-—tan 2
dx[g(an x)]=g'(tan2x) 5 tan2x

=g'(tan 2x)(sec2 2x)-2

=2¢"(tan 2x)sec’ 2x

DX[F(x)sin2 F(x)}

= F (x)x D, [sin2 F(x )J+sin2 F (x)x DyF(x)

= F(x)x2sinF (x)x Dy [sinF (x)]
+F'(x)sin® F(x)

= F(x)x2sin F (x)xcos(F (x))x D, [ F(x)]
+F'(x)sin® F(x)

=2F (x)F'(x)sin F (x)cos F (x)
+F'(x)sin® F(x)

D, [sec3 F (x)] =3sec’[ F(x) | Dy[secF (x)]
=3sec’[ F(x) |secF (x)tan F (x) D, [X]
=3F'(x)sec® F (x)tan F(x)

g'(x)=—sin f (x) Dy f (x)=—f'(x)sin f (x)

9'(0)=—f'(0)sin f (0) =—2sin1~ -1.683

(1+ secF (2x))%x— x% 1+secF (2x))

(1+secF(2x))2
_ (1+secF (2x))—2xF'(2x)sec F (2x)tan F (2x)
(1+secF(2x))2
:1+secF(O)—0: 1+secF(0)
(1+secF(0))2 (1+secF(0))2
1 1
_1+secF(O) 1+sec2

G'(x)=

~—-0.713
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61. F'(x)=—f(x)g'(x)sing(x)+ f'(x)cosg(x) C. DL-= . ! — Dy (16 cos” 2t +49sin? 21)

F’(l):—f (1)g’(1)sing(1)+ f’(l)cosg(l) 2\/16cos 2t +49sin“ 2t

. 32cos 2t Dy (cos 2t) + 98sin 2t Dy (sin 2t)
=-2(1)sin0+-1cos0=-1 =
2\/16 cos? 2t + 49sin? 2t
62. y=1+xsin3x; y'=3xcos3x+sin3x _ —64cos 2tsin 2t +1965sin 2t cos 2t
2 .2
y’(;r/3)=3£c053£+sin£:—ﬂ+0:—ﬂ 216052 2t + 49sin? 2t

_ —16sin4t +49sin 4t
\16cos? 2t + 49sin? 2t

y-1=-zx-xl3
y=-nX—nl3+1

33sin 4t
. . 3-7 =
The line crosses the x-axis at X = 3 \/16 cos? 2t +49sin? 2t
- _ ) T _ 33
63. y=sin“x; y =2sinxcosx=sin2x=1 Att=7" rate =—————— ~ 5.8 ft/sec.

8’ he.1.49.1
X=rmld+Kkr, k=0,+1 +2,... 16-5+49-5

6l y’:(x2 +1)32(x4 +l)x3+3(x2 +1)2 x(x4+1)2 69. a. (10cos8xt,10sin8xt)

b. D;(10sin8nt) =10cos(8nt)D; (8nt
=220 (xt +1) (¢ #1) + 3¢ 1) (2 +2) L(0sin8t) =1060sBr) D1 B
=807 cos(8nt)
y'(1)=2(2)(2)° +3(1)(2)° (2)° =32 +48=80 Att=1:rate = 80z ~ 251 cm/s
y—32=80x-1 y=80x+31 P is rising at the rate of 251 cm/s.

_3 3 70. a. (cos 2t,sin 2t)
65. y'= —2(x2 +1) (2x) = —4x(x2 +1)
3 b. (0—cosZt)2+(y—sin 2t)2 =52, s0
y'(1)=-4(1)(1+1)" =-1/2

1 1 1 1 3 y =sin 2t +/25-cos? 2t
y-S=-IX+Z, y=-SX+-
c. D (sin 2t +/25—cos? 2t)

4 2 2 2" 4
66. y'=3(2x+1)*(2)=6(2x+1)" .
y'(0)= 6(1)2 =6 =20082t + ——————-4c0s2tsin 2t

2425 cos? 2t
y-1=6x-0, y=6x+1

The line crosses the x-axis at x=-1/6. =2c0s2t (l+ &J

\25- cos? 2t

67. y' = —2(x2 +1)_3 (2x) = —4x(x2 +1)_3
' 71. 60 revolutions per minute is 120z radians per

y'(1) = _4(2)‘3 =-1/2 minute or 2z radians per second.
y_lz_lirl, y:_lx+§ a. (cos2xt,sin 2xzt)
4 2 2 2 4

Set y =0 and solve for x. The line crosses the

: b. (0—c052nt)2 +(y-sin Zr:t)2 =52, 50
x-axisat x=3/2.

y =sin 2xt + /25 - cos? 2nt
2 2 2 . 2
68, a (lj J{Xj =(4c052tj +(75ln2tj _
4 7 4 7 c. Dt(sinZnt+\/25—cos Znt)

—cos? 2t +sin? 2t =1

= 2mCcos 2nt
1

b. L:\/(x—0)2+(y—0)2=\/x2+y2 —
2125 cos? 2nt

= \/(4cos 2t)? + (7sin 2t)?

sin 2xt
= \/16 cos? 2t + 49sin? 2t = 2mcos 2t [1+—2J
\25-cos” 2nt

-4mcos 2ntsin 2nt
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72. The minute hand makes 1 revolution every hour,
S0 at t minutes after the hour, it makes an angle

of % radians with the vertical. By the Law of

Cosines, the length of the elastic string is

5= \/102 +10? — 2(10)(10) cos%

=101/2—2cosn—t
30

E:1O~—1 isinn—t
dt 5 30

/ 1
2 2—2005n—t
30

in &t
msin 30

t
3 2—2cos§—O

At 12:15, the string is stretching at the rate of

nsin % T .
= ~0.74 cm/min
3y2-2cos% 32

73. The minute hand makes 1 revolution every hour,
so at t minutes after noon it makes an angle of

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

Cosines, the distance between the tips of the
hands is

s =\/62 +82 —2-6~8005(n—t—n—tj

30 360
_ [100-96cos T
360

ds _ 1 Mn 1t
dt - \/m_%w 15 360
_ 22msin L
15,100 - 96 cos LIt
At 12:20,
ds _ 22nsm% ~0.38 in./min

dt 15 /100-96cos s

Instructor's Resource Manual

in 11nt
% B 227sin 360

dt 15\/100 ~96coslint

Using a computer algebra system or graphing
ds
dt
when t ~ 7.5. Thus, the distance between the tips

of the hands is increasing most rapidly at about
12:08.

74. From Problem 73,

utility to view for0<t <60, % is largest

75. Sin Xg =Sin2xg
Sin Xy = 25sin Xg €0S Xy

COS X =% [if sinxg = 0]

T
XO:E

Dy(sin x) = cos X, Dy(sin 2x) = 2cos 2x, so at Xg,
the tangent lines to y = sin x and y = sin 2x have

1
slopes of m; =3 and m, = 2[—%) =-1

respectively. From Problem 40 of Section 0.7,

m, — .
tand = My =My where @is the angle between
1+mym,
-1-1 _3
the tangent lines. tang = ———2— = T2 =-3

1+(3)) 3
S0 @ =~ —1.25. The curves intersect at an angle of
1.25 radians.
76. = AB - OAsin—
2 2

D ZEOACOS£~ AB = OA2 coslsinl
2 2 2 2
E = D + area (semi-circle)

2
—0oA%costsintila(laB
2 2 2 \2
—OA%cosLsint+ L 0AZsin? L
2 2 2 2

= EAZ sin l(cos£+1nsin lj
2 2

2 2
t
D_ Cos
E t .1 cint
. D 1
lim —=——=
tsot E 140
lim 2= lim cos(t/2)

tor B ton” cos(t/2)+%sin(t/2)
-0 _p

0+~
2
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77. y=+u andu = x? 8L [E(f(F(FONNT

Dyy =Dyy-Dyu = FCECECE ) - £(F(F(0))- F'(F(0))- (0)
:i 2y = |X| =2-2-2-2=16
2\/— ' d 2
82. a =1 (09
2_
78. D, x2—1‘:‘xz—l‘DX(x2—l) _f(fm) fm(x)
X5 -
X% - 2x|x? -
= Xz_ﬂ(2X>: Jz_lq b. g&-f“]= FICECE 00N (F () ()
| || | =fﬁmu»fvmmy%¢mm
79. Dy [sinXx D, (sin x)
_[sinx = f (f[z](x)) f[Z](x)

——cosx =cot xsin X|

sin x .
c. Conjecture:

80. a. DXL(x2)=L'(xz)DX(Xz):%.ZX: %f[”](x) f(f[”_l](x)) f[n_ll(X)
X

< | N

b. DXL((:os4 X) = sec* x Dy (cos4 X)
=sec? X(4 cos® X) Dy (cos x)
= 4sec* xcos® X(—sin x)

3

=4. -cos” X+ (—sinx)

COS4 X

= —4sec xsin x = —4tan x

f(x) 1 ) i )
% [g(x)] (f(x)'mj= Dx(f(x)'(g(X)) l)= f(X)DX((g(x)) 1)+(g(x)) D, f(x)

= £ (~(g(x))* D9 (x) +(g(X)) ™Dy F (x) =~ f (x)(g (X)) > D, g (x) + (9 (x)) " Dy f (x)
_—fD9() D) _-F)B,a(x)  9(x) DB, f(x)  —f(x)Dg(x)  9(x)D,f(X)

g%(%) 90 g’ 90 9 g%(x) g(%)
_ 9(9D, F(x)~ F(x)D,g(x)
9%(x)
84. ¢'(x) = F(f (£ () F(f(F())F(F(x)F(x)
9'(%)= f’(f(f (f(xl))))f'(f(f(xl))) f’(f(xl))f (%)
= f’(f(f (Xz)))f’(f(xz))f'(xz)f'(xl): f (f (Xl))f'(xl)f'(xz)f (%)
’ f’(Xz)T
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2.6 Concepts Review 3. %:3(3“5)2(3) _9(3x+5)2

3
m 3, dy ., 2
L 00Dy Y %:18(3x+5)(3)=162x+270
X
3
ds || % 8 162
dt’[dt|" gt dx
3. f'(t)>0 4, %:5(3—5x)4(—5)=—25(3—5x)4
X
. 2
4. 0;<0 O|—3’=-100(3—5x)3(—5)=500(3—5x)3
dx
3
Problem Set 2.6 d—g —1500(3 - 5%)2(=5) = —7500(3 - 5x)°
dx

1. Y32 6xt6

dé 5. % =7cos(7X)
X
d—2 =6X+6 q2
dx —2}1:—72 sin(7x)
&, ‘
_ 43
dx @Y _ 73 cos(7x) = ~343c08(7x)
dx3
2 % = 5x4 +4x3
X
d2
¥l 20%° +12x°2
X
3
9% _sox? + 24x
dx

6. Yy =3x? cos(x3)
dx

2

d_g/ = 3x2[—3x2 sin(x3)] +6X cos(x3) = —ox* sin(x3) + 6% cos(x3)

dx
3

% = —ox* cos(x3)(3x2) + sin(x3)(—36x3) + 6x[—sin(x3)(3x2)] + 6cos(x3)
X

=-27x8 cos(x3) -36x° sin(x3) ~18x3 sin(x3) + 6cos(x3) =(6- 27x6) cos(x3) —54x° sin(x3)

, Oy _(x-DO-O@ __ 1 g B _(A-xE)-G)) 3
dx (x-1)? (x-1)? dx (1-x)? (x-1)?
d’y _ (x-D*(0)-2(x-1) _ 2 d’y _ (x-1)°(0)-3[2(x-1)] _ 6
dx? (x—l)4 (x—l)3 dx? (x—l)4 (x—l)3
d®y _ (x=1°(0)-2[3(x-1)*] d®y _ (x-1%0)-6(3)(x-1)°
dx® (x-1)° dx (x-1)°

___ 6 _ 18
(x-1* (x-1*
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9. f'(X)=2x1"(x)=21"(2)=2 _ (5-u)(4u) - (2u%)(-1) _ 20u-2u?

12. f'(u) 5 )2 G )2
—-u —u
10. f'(x) =15x% + 4x+1 ) )
£7(x) = 30% + 4 () = W (20~ 4u) - (20u - 2u%)2(5 - u)-D)
- 4
f"(2) =64 (5-u)
100
B 3
1L f()=-= (5-u)
t fr(z) - 120100
p 4 3 27
f (t):t—3
" —i:l
f(z)_s 2

13. f'(8) =-2(cos 6’:1)‘3 (-sinér)r =2mn(cos ¢9n)_3 (sin @)
f"(0) = 2n[(cos Or) 3 (m)(cos &) + (sin &) (=3)(cos )~ (=sin Orn)(n)] = 2n°[(cos Or) ™ +3sin® Or(cos Or) ]
f7(2) = 2n%[1+3(0)(1)] = 2n?

14, f’(t):tcos(zj(—ijﬁin(zj :[—chos(z}rsin(ﬁj
t t2 t t t t
o 1 (T T b T b T TEZ . (T
f (t)_(—T)[—sm(?j(—t—zﬂ+(t—2jcos£Tj+(—t—2Jcos(TJ _—t—35|n(Tj
2 2
£"(2) = - Z—sin (Ej =1 ~-123
8 2 8
15. f'(s)=s@)(1-52)?(=2s) + 1-5°)% =-6s2(1-5%)? +(1-5°)% =-75® +15s* —0s? +1

f"(s) = -42s° + 60s° —18s
f"(2) = -900

(x—1)2(x+1)—(x+1)2 _ x2 —2x-3

16. f'(x)=

(x-1)° (x-1)2
£7(x) = (x-%(2x-2) - (X ~2x=3)2(x =) _ (x-)(x-2)-(*-2x-3)(2) _ 8
(x-1° (x-1)° (x-1)°
v 8
)= 5 =8
17. Dy (x")=nx""? 18. Letk<n.

D (x*) = DR [ (x*)] = Dy (k1) =0

DZ(x") = n(n-1)x"2 ]
so D{[a, X" +...+ g Xx+ag]=0

D3(x") =n(n-1)(n-2)x"3
D (x") = n(n-1)(n - 2)(n-3)x"* 19. a. D4@Ex3+2x-19)=0

DI (x™) = n(n-1)(n-2)(n-3)...(2)x b. DX00x!-79x10) =0

DR (x") =n(n-1)(n-2)(n-3)...21)x° = n!
c. D)l(l(x2 —3)5 =0
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1 1
ol
D7 (Ej =D, (-x%)=2x7° 33
X X
D3 (lj =D, (2x7%) ij)
X X
oé ( 1 j _43)(2)
X X X5
n(1) (-1)"n!
Dx (;J N !

21. f'(x) =3x% +6x—45=3(x+5)(x—3)
3(x+5)(x-3)=0
Xx=-5x=3
f"(x)=6x+6
f"(=5) = —24
f"(3)=24

22. g'(t)=2at+b
g"(t)=2a
g’')=2a=-4
a=-2
g'()=2a+b=3
2(-2)+b=3
b=7
g(l)=a+b+c=5

-2)+(7)+c=5

0

23. a. V()= _12 4t

2
a(t) = d—: — 4
dt

b. 12-4t>0
4t <12
t<3; (—00,3)

c. 12-4t<0
t>3; (3,0)

d a(f)=—4<O0forallt

Y

24, a. v(t)= _3t2—12t

d% 2
a(t) = =6t-12
dt?

Instructor's Resource Manual

25.

26.

3t2 -12t>0
3t(t— 4) > 0; (~w,0) U (4,)

32 —12t <0
©,4)

6t-12<0
6t< 12
t<2; (—,2)

V(t) = — = 3t% ~18t + 24

2
a(t) =4 —6t 18

3t2 —18t+24>0
3(t-2)(t-4)>0
(—0,2) U (4,0)

3t -18t +24 <0
2,4

6t—18<0
6t< 18
t<3; (-,3)

v(t) = — = 6t° -6

2
a(t) = =12t

6t> —6>0
6(t+1)(t-1)>0
(—o0,—D) U (1, )

6t2-6<0
(—1, 1)
12t<0

t<0
The acceleration is negative for negative t.
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e. £=1 =
=08 U 20, v(t)= % = 23 _15t2 1 24t

> )fr:=_ﬂ d
| 1 | P d 2
1 5 ] a(t)——2—6t —30t+24
ds 16 6t> —30t+24=0
27. a. v(t —_2t——
0= dt t2 6(t-4)(t-1)=0
2 t=4,1
a(t) = d_2 _9 +% v(4) =16, v(1) = 11
t
30. v(t) = (4t3 42t? +120t)
b. 2t —E >0 d 1
t* d?s 1
3 at) =22 = = (12t? — 84t +120)
2t 2 16 . (2.) dt2 10
t
i(lztz ~84t+120)=0
16 10
c. 2t—t—2 <0; (0,2 12 (t—2)(t—5) =0
10 -
32 t=2,t=5
d. 2+t_<° v(2) = 10.4, v(5) = 5
20432 +32 < 0; The acceleration is not ds,
t3 3L y(t)=—==4-6t
negative for any positive t. dt
dSZ
=2 > Vo (1) = =2t-2
€. 1r=ﬂ( _ 2( )
| 5
12 a. 4-6t=2t-2
8t=6
28. a. v(t):ﬁzl—i 3
dt t2 t=— sec
) 4
a(t) = E = E
2 3 b. [4-6t=|2t-2]; 4-6t=-2t+2
4 t:1 secandtzE sec
b. 1-—>0 2 4
t2
2 2 _ .2
- c. M-3t"=t"-2t
t2 4t° -6t =0
2t(2t-3)=0
4 3
C. 1——2<O, ©, 2) t=0secandt=— sec
t 2
d. % < 0; The acceleration is not negative for 32. w(t)= =0t? - 24t +18
t
any positive t vy (t) = dﬁ =312 +18t-12
(=2 > dt
e. :'( . 2 2
=0 < _ Ot° — 24t +18 = -3t~ +18t -12
4 ' 12t —42t+30=0
2% -7t+5=0
(2t-5)(t-1)=0
5
t=1 =
2
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33. a. v(t)=-32t+48
initial velocity = vy = 48 ft/sec
b. -32t+48=0

t—§ sec
2

. s=-16(L.5)% +48(1.5)+256 = 292 ft

d. —16t% +48t+256=0

| 48482 - 4(-16)(256) _
32

The object hits the ground at t = 5.77 sec.

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

34. v(t) = 48 -32t

a. 48-32t=0
t=15

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

c. 48t—16t%> =0
~16t(-3+1) =0
t=3sec

35. v(t) =vg-32t
Vo—32t=0
_Vo
32

2
Vo(szj 16(32j =5280

2 2
Yo _Yo _gog
32 64

2
Yo _ 5280
64

Vg =4/337,920 ~ 581 ft/sec

36. v(t) =vg+32t

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

s = 44(3) +16(3)° = 276 ft

Instructor's Resource Manual

-2.77,5.77

37. v(t)=3t?—6t—24

3t? —6t—24

d‘s —6t- 24‘ —‘ ‘

dt 3t? —6t—24
:w«ﬁ_e)

(t—4)(t+2)

|(t—4)(t +2)| (6t - 6) 0
t-dt+2)

t<-2,1<t<4; (-0,-2)uU (1,4)

(6t - 6)

38. Point slowing down when

O

v(t)a(t)

9] - MO0

v(t)

|v(t)|a(t)
v(t)

signs.

< 0 when a(t) and v(t) have opposite

39. Dy(uv)=uv'+u'v
Df (uv) =uv"+u'v' +u'v'+u'v
uv’+2u'v'+u'v
Df (uv) =uv" +u'v"+2uv"+uv)+uv' +u"v

N, "o,

=uv"+3u'v"+3u"v' +u"v

N n
DY) = ( j Dy (u)D (v)
k=o\K
n
where (kJ is the binomial coefficient

n!
(n-k)Ik!

40. D)‘(1 (x4 sinx) = (gj D)‘(1 (x4)DS (sinx)
+@ D3 (x*) DL (sin x) +@ D2 (x*)D2 (sin x)

+@ DI (x*)D2 (sin x) {jj DY (x*)D{ (sin x)

= 245in X + 96X C0S X — 72X2 sin X

~16x3 cos x + x* sin x
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2x+2a2yDXy =0

2X X
Dyy=-"—-=-—"
) 2a°y a’y
;Ebﬁ-imm‘.?’_. h |
NS 5. X(2y)Dyy+y? =1
1—y2
D,y =
xY 2%y
b. f"(2.13) ~-1.2826 6. 2X+2x%Dyy+4xy+3xDyy+3y =0

D, y(2x2 +3Xx) = -2x —4xy -3y

42. a. 1
D‘SM ny:_—Zx—24xy_3y
2X° +3x

-0.5 7. 12x2+7x(2y)DXy+7y2 =6y2ny
-1 12x% +7y? = 6y°Dyy —14xyDyy
-1.5 D _12x2+7y2
b. f"(2.13) ~0.0271 = 6y2 —14xy

2.7 Concepts Review 8. x*Dgy+2xy =y +x(2y)Dcy

x?Dyy - 2xyDyy =y - 2xy

9 2
1. ¥y -2xy
oo T
dy
2. 3y? 2
y dx 9. 1 -(5xDyy+5y)+ 2D,y
2./5xy
3. x@y) W2 432 W B _ g0 =2y D,y +x(3y?)Dyy +y°
dx dx dx 5y

Dyy + 2D,y — 2y D,y —3xy?Dyy

2/5xy

4. Pypla-L, E(x2 -5x)2/3(2x-5)

q 3 _3__
2./5xy
Problem Set 2.7 y3— 5y
1. 2yD,y-2x=0 Dyy = o 2
y xy2X } 2J~”>5X7y+2-2y—3xy
Dyy=—=—
2y y

1
10, x——=D,y+/y+1=xD,y+
ZW xY tY xY+Yy

2. 18x+8yD,y=0

-18x 9x X
_ __I* —D,y-xD,y=y-y+1
Dyy 8y 2y 2y il xY xY=Y-Y
y—4y+1
3. xDyy+y=0 ny:x—_x
y 2,Jy+
Dyy=-=
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11. xDyy+y+cos(xy)(xDyy+y)=0 2 13 2 _13

17. —=x ——y 7y =2y'=0
XDy y + xcos(xy)Dyy = —y — ycos(xy) 3 3
_-y-yceos(xy) __y 2 3 _ y,(gy_1/3+2j
X X + X COS(Xy) X 3 3
;X—1/3
: 2 2 y’:a—
12, —sin(xy“)(2xy Dyy+y“) =2yD,y+1 2,13 5
3
—2xysin(xy2)DXy—2yDXy:1+ y? sin(xy?) 9
3 1
1+ y2 sin(xy? At(L-1), y'=3-=
D,y = —FYsinGy”) ..

—2xysin(xy2)—2y
2 ) 2 ) Tangent line: y+1:%(x—1)
13, X7y +3x°y+y  +3xy“y' =0

y'O¢+3xy%) = -3x%y - y?

18. y+2xyy +y? =
8
T3 2
X~ +3X
- 36 9 (—+2XVJ -y?
At(1,3), y=——=_2
(L.3), y'=-g=-1
: 9 -
T line: y—3=-=(x-1
angent line: y—3 7(x ) 2J_+2xy
AL(4,1), y' =2
14. x2(2y)y'+2xy? +4xy'+4y =12y’ @0,y =F=-1
2

y’(2x2y+ 4x-12) = —2xy2 -4y _ 2
Tangent line: y-1= _E(X —-4)

2yt -4y —xy* -2y
2x2y+4x—12 x2y+2x—6 q 1
At(2, 1), y' =2 19. Y523,

dx 2%

Tangent line: y-1=-2(x-2)

dy 1 23 452 1 52

ey 20.
15. cos(xy)(xy'+y)=y X 3 32
y'[xcos(xy) —1] = —y cos(xy)
,_ —ycos(xy) _ycos(xy) o W1 as 1w 1
xcos(xy)—1 1—xcos(xy) " dx 3 —3X :3§/x7_3§/x7
At (E,lj,y':o
2 dy 1

20, W _ Loy 34 -

Tangent line: y—1:0(x—gj dx 4 24(2x+1)3

y=1
23. % :%(3x2 —4x)~%4(6x - 4)
X
16. V' +[—sin(xy2)][2xyy'+ y2]+ 6x=0

y'TL—2xysin(xy?)] = y2 sin(xy?) - 6x
. y2 sin(xyz)—6x
1-2xysin(xy?) 24. ﬂ=1( 3_2x)723(3x%-2)

B 6x -4 _ 3x—-2
4{1/(3x2 —4x)3 2‘\‘/(3x2 —4x)3

6 dx 3
At(1,0), y'= -1 =-6
Tangent line: y — 0 = —6(x — 1) 25, W _ 91034007213
dx dx
2 3 -5/3 2 6X2 +4
=——(X"+2X) 77X 4+ 2) = Y/
3 3\3/(x3 +2x)5
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26.

217.

28.

29.

30.

31

32.

33.

130

ﬂ:_§(3x_9)‘3’3(3) = -5(3x-9)7/3 34.
dx 3
ﬂ:;(2x+cosx)
dX  2y/x2 +sinx
_ 2X+C0osX 35.
2\/x2+sinx
ﬂ:;[xz(—sianZxcosx]
dx  2y/x%cosx
_2xcosx—x25inx
2x/xzcosx
dy d 2 . \-1/3
—L = —[(x*sinx
dx dx[( ) ]
:_%(xzsinx)“m(xzcosx+2xsinx)
__xzcosx+2xsinx
33(Zsinx)*
dy _ l(1+ sin5x) /4 (cos5x)(5)
dx 4

_ 5cosb5x

44 (1+sin5x)°

dy  [L+cos(x? +2x)]% 4 [=sin(x* + 2x)(2x+ 2)]
dx 4
_ (x +1)sin(x2 +2X)

) 2‘\‘/[1+ cos(x2 + 2x)]3

dy _ (tan2 X +sin? x)"1/2(2tan xsec? x + 2sin x cos X)
dx 2
_ tan xsec? X +sin Xcos x 36.
Vtan? x +sin? x

62 12595 1 32 = 0
dt

ds _ —s% 3t __52 +3t2
dt 2st 2st

2dt _

29 sty at 0
ds ds

ﬂ(s2 +3t2) =-2st
ds

dt _ 2st
ds  s243t2
Section 2.7

1= cos(xz)(2x)%+ 6X
dy

d
dx 1
dy  2xcos(x?) +6x2
y
5_
(x+2%+y?=1 B
| 1 m _I I |
-5 \J L 5 X
5

2x+4+2yﬂ:0
dx

dy  2x+4 = x+2

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

y—Yo=-— (x—xg) which simplifies to

Yo
2Xg — YYg —2X—XXg + yo2 + xO2 =0. Since
(Xo, Yo) is on the circle, xo2 + yo2 =-3-4xg,
so the equation of the tangent line is
—YYog —2Xp — 2X—XXg = 3.
If (0, 0) is on the tangent line, then xg = —%.

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

3

Yo = +——. Put these values into the equation of
077

the tangent line to get that the tangent lines are
V3y+x=0 and +/3y-x =0.

16(x? + y2)(2x+ 2yy’) =100(2x — 2yy")
32x3 +32x°yy’ +32xy? +32y°y’ = 200X — 200yy’

y'(4x%y +4y® + 25y) = 25x — 4x° — 4xy?
, 25X —4x3 —4xy®
4x2y+ 4y3 + 25y

The slope of the normal line = —i,
y

a 4x2y+4y3 + 25y
43 + 4xy2 —25x

65 13
At (3, 1), slope=—=—
@1 P 45 9

Normal line: y—l=%(x—3)
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' 2., _ 5 avdy o0su2.3
37. a. xy'+y+3y°y' =0 y"(6y2—x2):72y 6)2< y 22;1x y
y'(x+3y?)=-y 6y*-x%)
Y ,,:72y5—6x4y—24x2y3
x+3y2 (6y2 - x2)3
Auzn,w=i%§:—ﬁ
b. xy"+ _yz + _yz +3y%y”
X+3y X+ 3y
5 40. 2x+2yy'=0
16y ——Y 5| =0 yfz_ﬁz_ﬁ
X+ 3y 2y y
v a2y 2 6y° 2+2yy"+(y)’1=0
Xy+3y2y_ y2+ ygz_ 2
X+3y°  (x+3y9) X
3 2+2yy"+2|-—| =0
" 2 2y by y
y'(x+3y%) = >~ 53
X+3y°  (x+3y9) 2%2
2x W=7
(x+3y%) 1 X y2axl
b2y y :_V_F:_T
(x+3y?)3 25
At(3,4), y'=——
) 64
38. 3x“-8yy'=0
y,_ﬁ 41, 3x% +3y%y' =3(xy'+Y)
=%y

6x—8(yy"+(y)?) =0

y’(3y2 -3x)=3y- 3x°
2

’ y—X
2 y==
. o [3x° y =X
6x-8yy"-8| — | =0 33
8y At[—,—j,y':—l
oy 2 2
6x—8yy”—L2:0 Slope of the normal line is 1.
8y . 3 3
9 4 Normal line: y——=1| x—=[;y=X
48xy“ —9x _gw 2 2
8y2 e This line includes the point (0, 0).
g 4897 -oxt 12 xy'+y=0
64y>
y=-
X
39. 2(x%y'+2xy)-12y%y' =0 2x-2yy'=0
2x2y'—12y2y’ =—4xy v _X
2y y
y= 6y2 —x2 The slopes of the tangents are negative

2(x2y" +2Xy"+2xy"+2y) —12[y2 y"+ 2y(y')2] =0
2x2 y"—12y2 y'=-8xy'—4y+ 24y(y')2

, 16x° 96x°y°3
y (2x2—12y2):—6 2_y2—4y+ 5 2_y2 5
y©—x (6y” —x%)
y"(2x2 —12y2) _ 12x4y+48x2 y3 —144y5
(6y2—x2)2

reciprocals, so the hyperbolas intersect at right
angles.
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43. Implicitly differentiate the first equation. 45 x2_ X(2X) + 2(2x)2 — 8
4x+2yy'=0

2 _
o 7>2< =28
.- . . . X=-2,2
Implicitly differentiate the second equation. Intersection point in first quadrant: (2, 4)
2yy'=4 v =2
yfzé 2X—Xy5 —y+4yy, =0
y2(4y—x)=y-2x
Solve for the points of intersection. 2 y - 2x
2x° +4x =6 Y2 = 4y—x
2 _
2(x*+2x-3)=0 At(2,4): m=2,m, =0
(x+3)(x-1)=0 0-2
x=-3,x=1 =% - _20=n+tan"}(-2) ~ 2.034
x = =3 is extraneous, and y = -2, 2 when x = 1. 1+(0)(2)
The graphs intersect at (1, —2) and (1, 2).
At(1,-2): m=1,m; =-1 46. The equation is mv? - mvg = kxg —kx?.
At(1,2): m=-1m, =1 Differentiate implicitly with respect to t to get

dv ax .. ax . .o
44. Find the intersection points: 2mvE= —2kxa. Since v s this simplifies

2+y?=1 - y?=1-x°
(x—1)2+y2 =1
(x=1)"+(1-x*) =1

to 2mvy=—2kxv or mﬂ:—kx.
dt dt

47, xz—xy+y2 =16, wheny =0,

X2 -2x+1+l-x2 =1 = x==+ x? =16
2 X=-4,4
Points of intersection: lﬁ and L_ﬁ The ellipse intersects the x-axis at (-4, 0) and
2" 2 2" 2 (4,0).
Implicitly differentiate the first equation. 2X-xy'=y+2yy'=0
2x+2yy' =0 y'(2y-x)=y-2x
, X r_ y_2X
y Ty 2y —x
Implicitly differentiate the second equation. At(-4,0), y'=2
2(x=1)+2yy'=0 At(4,0), y'=2
y' = 1-x Tangent lines:y =2(x +4) andy = 2(x — 4)
y
143 1 1
At = X my=—— my, =—
[2 2} MBI
R 2
ang=— Y3 B _B_ gz Hp T
1+(L _L) % 3
NEPARRVE]
1 3 1 1
At|= -y =— my=———
[2 2} "R
1 1 _2
ang-— Y B ___8__ 3
SRS
NERARING]
o= 2"
3
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48 x +2Xyd__2Xy g2 & dx -0 Problem Set 2.8
dy dy d
X
d 1. V=x3—=3
d—x(2xy—y2)=2xy—x2; dt
y 4V _ 0
dx _ 2xy - x? dt X dt
dv  ovv_ v2
d ny y When x = 12, Z—V_S(lZ) (3) =1296 in.3/s.
2y=x" K _0 if x(2y — x) = 0, which occurs
2xy — y
X 2. v=3m3 2V g
when x =0 or y ==. There are no points on 3 dt
2
dv 2 dr
) ) X — = 4ur’—
X“y —xy“ =2 where x =0. Ifyzg, then dt dt
dr
5 (X 23 3 3 Whenr =3, 3=4n (3)2
2=X E - X E :?—T:T SOX:Z,
, a1 0027 inis
y=—=1 dt 12z
=L
The tangent line is vertical at (2, 1).
g @1 3. y2 = x2+12: % _ 400
dy dy X
49. 2x+2yd 0d -—— 2yﬂ—2x%
x Y dt dt
The tangent line at (xy, Yo) has slope -2, dy _xdx
Yo dt y dt
hence the equation of the tangent line is dy 5
When x =5,y =+/26,— =——(400
y—yO:—&(x—xo) which simplifies to x=5y=\2% dt \/%( )
Y

0 ~ 392 mi/h.
yy0+xx0—(x02 +y02):0 or yyg+xXg =1
1
since (Xg, Yg) ison X2 + y2 =1.1f(1.25,0) is 4, V ==nr’h

r_3.. 3
) 37 "h 100 10
on the tangent line through (xg, Yg), X =0.8.

2 3
1 (3h 3nh® dV
Put this into x>+ y? =1 to get yo = 0.6, since =—Tf[—j h= 100 ;EZB' h=5
Yo > 0. The line is 6y + 8x = 10. When x = -2, av 9nh2@
y=E, so the light bulb must be 13 units high. dt 100 dt
3 3 9n(5)2 dh
When h = 5, 3:&_
100 dt
? = 3i ~0.42 cm/s
2.8 Concepts Review L sn
du . 5. 52 = (x+300)% + y2: & ~ 300, Y — 400,
1. e t=2 dt dt
ds dy
25— =2 =
2. 400 mi/hr s dt (s 300) dt
. ds dx dy
3. negative s— =(x+300 —+
gatwv gt - 300G Yy
4. negative; positive When x = 300, y = 400, s =200~/13, s0
200~/13 % = (300 +300)(300) + 400(400)
95 _ 471 mifh
dt
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6. y2=x2+(10); dy -2 11, v =020 20Xy _gn
2 5 h
2yﬂ= ax & V =10h(8h) =80h%; — v _ 4
dt dt d
Wheny =25, x ~ 22.9, so
dx ))//dy 25 (LV _160hd_
22X 22 (2)~2.18 fiis t t
dt  xdt 229 dn
When h =3, 40 :160(3)E
7. 202=x2+y2;%= dh 1
dt — =— ft/min
dx d d 12
0=2xZ oy Y
dt dt 2 dx
12. y=+x"-4; P 5
When x = 5, y:\/37 5=5415, 50 dy L i
= (2x)
XI5 gy 0258 fus 2x% -4 x/ 4ot
dt vyt 5\/7 dy 3
The top of the ladder is moving down at When x =3 = (5) ===~ 6.7 units/s
0.258 ft/s. V32 -4 \@
8. ?:i_\t/ =—4 ft3h; V = 7thr2 d? =-0.0005 ft/h 13. A= nrz;% =0.02
A:an:!:Vh‘l, S0 %zh‘ld—v—idh . dA =27r dr
h dt dt  h2 dt dt dt
When h =0.001 ft, V = TE(O.OOl)(25O)2 =62.51 Whenr=8.1 d_A — 27:(0 02)(8 1) =0.324x
" dt ' ' '
and (;—A =1000(-4) —1,000, 000(62.57)(-0.0005) ~1.018in.2/s
=-4000 + 31,250 7 ~ 94,175 ftZ/h. ) ) dx dy
(The height is decreasing due to the spreading of 14. s% =x2 +(y+48)%;=- =30, it =24
the oil rather than the bacteria.) d i dy
. ; 2sd—5= 2xE+ 2(y+48)E
9. V=2nr2hh=2=T r-2n
3 4 2 ds _dx dy
dv SE:XE+(y+48)E
_= 3.4V
v “(Zh) h=—mh™ dt =16 At 2:00 p.m., x = 3(30) = 90, y = 3(24) = 72,
so s = 150.
d—V = 4-7'(',h2ﬁ ds
dt dt (150)— =90(30) + (72 + 48)(24)
dh
When h = 4, 16 = 47(4)?
i gi 515;?)0 =37.2 knots/h
d—h = S ~0.0796 ft/s
dt 4n
10. y2=x +(90)2 ax _
2y Y dy _o I dx
dt dt
When y = 150, x = 120, so
ﬂzﬁdx 120() 4 fi/s
dt  ydt 150
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15.

16.

17.

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.

x dé

tang =— E =2(2n) = 4r rad/min,
sec2 949 dg dx
dt  dt

At x:%,ﬁztan_11 and seczezg

9 _ 5 (4m) ~15.71 kmimin
d 4
tané = 4000
d6’ 4000 dx
sec? —
dt x2 dt
When 6 = l d9 1 and x = 4000 ~ 71322.
2'dt 10 tanJ

dx 21 (7322)
~ Sec
dt 2 10 4000
~ —1740 ft/s or -1186 mi/h
The plane’s ground speed is 1186 mi/h.

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 X
By similar triangles, —=——, so0 s =—
S X+S 4
ﬁzlﬁ ox — =2 ft/s, hence
d 4dt dt
ds 1 .
Y == ft/s no matter how far from the light
pole Chris is.
b. Letl=x+s,then
ﬂ:%_F%:Z_Fl:E ft/s.
d dt dt 2 2

¢. Theangular 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.

tane—E S0 seczedg 6 ds and
s dt 2 dt
2
d_9= —GCOS HE ﬁ_l ft/s
dt 2 dt dt 2

When s =6, 9:%, SO
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18.

19.

6(-L ’
40 __"\\2 [&j__i
d g2 \2) 24
Chris must lift his head at the rate of

i 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 = 2asing and the

height of the triangle is acos%.

=1 2asing acosg =1azsin¢9
2 2 2) 2

(100) sin@ =5000sin &, d_&zi
dt 10

d—A =5000cosé@ d_¢9
dt dt

When 6 = E, % = 5000(0052)[i = 250«/§
6 dt 6 /{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 %= 66 ft/s. If | is the
distance between the train and the point directly
below p, then %= 88 ft/s. The distance from the

traintop is V1002 +12, while the distance from

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

2
D:\/a2+(\/1002+lzj — a2 +12 +1002.

dD 1 d

— .| 2a—+ 2| —

dt ova? +12 +1002 dt dt
a‘é";‘+l d

- dt_dt__ After 10 seconds, a = 660

Va2 +12% +1002

and | =880, so
d_D _ 660(66) +880(88)

~110 ft/s.
dt /6602 +8802 +1002
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20. V:lnh-(az+ab+b2);a:20,bzn+20, By similar triangles, 48 :10+s
3 4 64-16t> S
2
v =L | 400+5h+ 200+ " +10n+ 400 (for t> 1), s0 s:u
3 16 1-t?
1 , n ds _ 20t(1-t%)-(10t° —40)(-2) 60t
=7 12000 +15h% +- dt (1-t2)2 1-t%)?
. ds 120
2 The ball hits the ground whent=2, — =-=—"—.
V1 11200+30n4 30 |90 J dt 9
dt 3 16 |dt

When h =30 and ?ﬂ_\t/ = 2000,

dh _ 3025r dh

2000 = 57:(1200 +900+ 675)

The shadow is moving % ~13.33 ft/s.

v :nhz(r—gj;r:ZO

dt 4 dt
dh_ 320 84 co/min. v =nh2(2o—ﬂjzzonh2—ﬁh3
dt  121n 3 3
h1 dv IV _ (40xh—zn2) 90
21. Vznhz[r——};—=—2,r:8 dt
3| dt dh
e e At7:00am.,h=15 —~ -3, so
V = nrh? —n—:8nh2—% dV
= (40m(15) - n(15) )(=3) = —1125x ~ —3534.
av _167n 30 dh 42 dn dh
dt dt dt Webster City residents used water at the rate of

Whenh=3, 2= %[16n(3) -1(3)%]

2400 + 3534 = 5934 ft3/h.

25. Assuming that the tank is now in the shape of an
dh _ 2 ~—0.016 ft/hr upper hemisphere with radius r, we again let t be
dt  39xn ' the number of hours past midnight and h be the

height of the water at time t. The volume, V, of

22. s2 —a2 +b? —2abcoso: water in the tank at that time is given by
2 3 7 2
a=5b=4 9% o T 1% im V=gar -2 (r-h7(2r+h)
a 6 ° 16000
s? = 41-40cos @ and so V =T7r—%(20—h)2(40+ h)
25?_405m9?j—0 from which
t
i v __ (20 h)2 dn, 2z (@0~ h) (40+ h)
At 3:00, H:E ands =+/41, so dt dt
dv
Att=7, — ~ 5257 ~ -1649
rds _408”{ ](1175] 2207 at
6 3 Thus Webster City residents were using water at
95 18 inshr the rate of 2400+1649 = 4049 cubic feet per
dt hour at 7:00 A.M.
23. Let P be the point on the ground where the ball 26. The amount of water used by Webster City can

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 t seconds after it is dropped is

64 —16t2.

be found by:
usage = beginning amount + added amount
— remaining amount

Thus the usage is

~ (20)? (9) + 2400(12) — (20)? (10.5) ~ 26,915 ft°
over the 12 hour period.
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27. a. Let x be the distance from the bottom of the wall to the end of the ladder on the ground, so d—)t( =2 ft/s. Lety
. . o y 18 216
be the height of the opposite end of the ladder. By similar triangles, -— = ———, 0 y = ——.
V144 + X2 V144 + X2
dy 216 x% _ 216x  dx
dt  20144+x%)%2 T dt 144+ x2)%2 dt
When the ladder makes an angle of 60° with the ground, x = 44/3 and 7 = —%~ 2=-1.125 ft/s.
dt (144 +48)
b dfy_df  216x  dx)_df_  216x  |dx__ 216x  d*
Codt? | @44x®)¥2dt ) dtl (144+x2)%2 Jdt (1444x%)%2 dt?
2
Since L =2, a°x =0, thus
dt g2
42y | -216(144+x7)%2 9y 216x(%)\/144 +x%(2%) & | 4
dt? 144+ x2)3 dt
| —216(144+ x?) + 648x> ( %jz _ 432x2 -31,104 ( %jz
(144 +x2)3/2 dt (144 +x2)5/2 \dt
When the ladder makes an angle of 60° with the ground,
2 [—
A%y _432.48-3L104 2 ~ —0.08 fus?
dt®  (144+48)
28. a. If the ball has radius 6 in., the volume of the dv 2
water in the tank is 29. s k(4nr)
3 3
V:8nh2—ﬂ—£n[lj 4 3
3 3 {2 a. Vv :gnr
3
_gnh2 T CLApyWE Y. §
3 6 dt dt
dv dh 2 dh
E:lGTChE—Rh E k(4nr2):4nr2%
This is the same as in Problem 21, so % is ﬂ —k
dt

again —0.016 ft/hr.

b. If the ball has radius 2 ft, and the height of
the water in the tank is h feet with2<h <3,
the part of the ball in the water has volume

2_4—h}:(6—h)h2n.

3 3
The volume of water in the tank is

nh® (6-h)h’n

%n(2)3 —n(4- h)z[

V =8mnh? - =6h%n
3 3

d_V :12hn@

dt dt

o 1 av

dt  12hm dt

whenh=3, M __L o< 0018 fuhr.
dt 36x

Instructor's Resource Manual

b. If the original volume was V, the volume

after 1 hour is 2%VO. The original radius

was Iy = 3/4iv0 while the radius after 1
T
houris p = 3/£V0 3 :Ero_ Since dr is
27 7 4n 3 dt

constant, % = —%ro unit/nr. The snowball

will take 3 hours to melt completely.
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30. PV =k
Pd—V+Vd—P=O
dt dt

Att=6.5 P =67, ?j—}:z—SO, V =300

vV __ VAP __300 30)~134 in3min
dt P dt 67

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

controlled by both siblings when I§: % or
+
| = 6. Again using similar triangles, this occurs

when 2—{) = g so0 y = 40. Thus, the girl controls

the tip of the shadow wheny > 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

Wheny24o,§=iory=ix.
y y-xX 3

When y < 40, QzL or yzg(x+4).
y y—-(x+4) 17

x =30 wheny = 40. Thus,

%x if x>30
=120
—(x+4) ifx<30
17
and
i% if x>30
dy | 3dt
a1 200 ey <30
17 dt

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) _8 ft/s when the girl is less than 30 ft
17 17

from the light pole.

2.9 Concepts Review
1. f'(x)dx
2. Ay; dy
3. Axis small.

4. larger ; smaller

138 Section 2.9

Problem Set 2.9

1.

10.

11.

dy = (2x + 1)dx
dy = (21x2 +6x)dx
dy = —4(2x+3) ™ (2)dx = —8(2x +3) " dx

dy = —2(3x% + x +1) > (6x +1)dx
= —2(6x+1)(3x2 + x+1)'3dx

dy = 3(sin x + cos x)z(cos X —sin x)dx

dy = 3(tan x +1)2 (sec2 X)dx

= 3sec? x(tan x +1)2 dx

dy = —§(7x2 +3x =172 (14x +3)dx

= —g a4x+ 3)(7x2 +3x —1)’5/2 dx

dy = 2(x*% +~/sin 2x)[10x° + !

2+/8In 2X

COS 2X 10 -
=2[10x% + =22 |(x ++/sin 2x)dx
( \/sin 2x j( )

-(cos 2x)(2)]dx

ds = g(t2 —cott+ 2)1/2 (2t + csc? t)dt
= g(Zt +csc? t)vt? —cott + 2dt
a. dy=3x%dx =3(0.5)%(1) =0.75

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

dx  0.75

=-0.1875

2 (-2)?
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13.
20. y=%¥x;dy =1x‘2/3dx - dx;
3 33/y2
x=27,dx=-0.09
dy = = (-0.09) ~ —0.0033
3y(27)

326.91 ~ 327 + dy = 3-0.0033 = 2.9967

21, V =§nr3; r=5,dr=0.125

dV = 4rr?dr = 4n(5)%(0.125) ~ 39.27 cm?3

14. a. Ay=(15)%-(05)°%=3.25
22. V =x3;x=%,dx:0.5

b. Ay =(-0.25)° - (-1)° = 0.984375 dV =3x2dx = 3(3/40)?(0.5) ~17.54 in.3
15. a Ay=i—1=—1 23. V:ﬂnr3;r=6ft:72in.,dr:—03
15 1 3 3
dV = 4rr?dr = 4n(72)?(-0.3) ~ 19,543
11
b. Ay=——+-=-03 4 3
-125 2 V =2 n(72)? ~19,543
16. a. Ay =[(2.5)% -3]-[(2)? - 3] = 2.25 ~1,543,915 in® ~ 893 ft3

dy = 2xdx = 2(2)(0.5) = 2
24. V =nrh;r = 6ft = 72in., dr = —0.05,

b. Ay=[(2.88)% -3]-[(3)* —3] = -0.7056 h =8t = 96in.
dy = 2xdx = 2(3)(-0.12) = -0.72 dV = 2nrhdr = 27(72)(96)(~0.05) ~ —2171in3

17 a. Ay= [(3)4 +2(3)] _[(2)4 +2(2)] =67 About 9.4 gal of paint are needed.

dy = (4x3 + 2)dx =[4(2)% + 2]()) = 34 25. C=2zr; r=4000 mi=21,120,000 ft,dr =2
dC =27zdr =27(2) =4r ~12.6 ft
b. Ay =[(2.005)* +2(2.005)]-[(2)* +2(2)]
~0.1706 2. T = 27'5\/312; L=4,dL=-0.03
= (4x3 + 2)dx = [4(2) + 2](0.005) = 0.17

1 b
————dL=——=dL
2 \/I 32
18. y=+/x;dy= \/_dxx 400, dx = 2 32
dT = ———(-0.03) ~ -0.0083
y = (2) 0.05 \/32(4)
2\' The time change in 24 hours is
V402 ~ \/400 +dy = 20+0.05 = 20.05 (0.0083)(60)(60)(24) ~ 717 sec
1 4
19. =\/;;d =——dx;x=36,dx=-0.1 27. 'V =—Tcl’ ——T[(lO) ~ 4189
y y 2 Ix 3
dV = 4xr?dr = 47(10)? (0.05) ~ 62.8 The
dy =~ (-0.1) ~ ~0.0083 mrtdr = 4n )*(0.09)
2/36 volume is 4189 + 62.8 cm3,

[35.9 ~ \/36 + dy = 6 —0.0083 = 5.9917 The absolute error is ~ 62.8 while the relative
error is62.8/4189 ~ 0.015 or 1.5% .
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28.

29.

30.

31.

32.

140

V =nr?h =n(3)?(12) ~ 339
dV = 24nrdr = 247(3)(0.0025) ~ 0.565

The volume is 339 + 0.565 in.3
The absolute error is ~ 0.565 while the relative
error is0.565/339 ~ 0.0017 or 0.17%.

S= \/a2 +b? —2abcosd
= \/1512 +151% - 2(151)(151) cos 0.53 ~ 79.097
s = /45,602 — 45,602 cos &
. 1

2,/45,602 — 45,602 cos 0
3 22,801sin 4
/45,602 - 45,602c0s 0
~ 22,801sin 0.53
/45,602 - 45,602¢0s 0.53

s~ 79.097 +0.729 cm
The absolute error is = 0.729 while the relative
error is0.729/79.097 ~ 0.0092 or 0.92% .

-45,602sin0d@

dé

(0.005) ~ 0.729

A:%absinﬁ :%(151)(151)sin 0.53 ~ 5763.33

Az @sin 6,0 = 0.53,d6 = 0.005
dA = 22’2801(0050)d6
_ 22’2801(003 0.53)(0.005) ~ 49.18

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

y =3x% —2x+11L x = 2, dx = 0.001
dy = (6x — 2)dx = [6(2) — 2](0.001) = 0.01
2
d—g’ — 6, 50 with Ax = 0.001,
dx

|y - dy| < %(6)(0.001)2 =0.000003

Using the approximation

f(X+AX) =~ f(X)+ f'(X)Ax
we let x=1.02and Ax=-0.02. We can rewrite
the above form as

f(X) = f(x+Ax)— f'(X)Ax
which gives

f(2.02) = (1) - f'(1.02)(-0.02)

=10+12(0.02) =10.24

Section 2.9

33.

34.

35.

36.

Using the approximation
f(X+AX) = f(x)+ f'(X)Ax
we let x=3.05and Ax=-0.05. We can rewrite
the above form as
f(X) = f(x+Ax)— f'(X)Ax
which gives
f(3.05) = f(3)— f '(3.05)(-0.05)

= 8+%(0.05) =8.0125

From similar triangles, the radius at height h is

gh. Thus, V :lnrzh =inh3, o)

5 3 75

dv =% 7h2dh. h =10, dh = -1:
25

dv = Zisn(loO)(-D ~-50cm®

The ice cube has volume 3% =27 cm3, so there is

room for the ice cube without the cup
overflowing.

V =nrh +gnr3

V =1007r2 +gnr3; r=10,dr=0.1

dV = (200mr + 4nr2)dr
= (20007 + 4007)(0.1) = 2407 ~ 754 c¢cm3

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

c c
-1
2 2
am _ VIV g gy
m 2 o2 2| c2_y2
%
= dv
c? —v2
v =0.9¢c, dv=0.02¢c
d_m_ 0.9c 0.018

(0.02¢) = —— ~ 0.095
0.19

m ¢ -0.81c?
The percent increase in mass is about 9.5.
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37. f(x)=x%f(x)=2x; a=2 39. h(x)=sinx; h'(x)=cosx; a=0
The linear approximation is then The linear approximation is then
L(x) = f(2)+ f'(2)(x-2) L(x) =0+1(x-0)=x

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

A S 3

"F

(o8]
L[]
wd

= " '
b =

8

L]
5
4

3

rTT 11T T1T,
]
b
=

1 | L 2z R

40. 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

2 5in X + 2X C0S X

38. g(x)= X% COS X; g'(x)=-x
a=rx/2

The linear approximation is then

2
L(X) :0+_(£) (X_f] A Fix)
2 2
72'2 71'3 20
= X+— 17.5
2 12.5
L(x) = O+—”—(x—£j 10
4 2 75
2 3 -
T 71 2 3 4 s 6,
4 8
-
20—
15—
0=
L . [ [ |1,
1 1 3 4 5 ¥
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45. f(x)=mx+b; f'(x)=m
The linear approximation is then

£'(x) :i(l— xz)_llz (=2x) L(x)=ma+b+m(x—a)=am+b+mx—ma
2 =mx+b f(x)=L(x)
—X
= , a=0
- 46. L(x)~f(x)=a+——(x—a)-x
The linear approximation is then 2Ja

L(x)=1+0(x-0)=1

X \/E_x—2\/5\/;+a
2+ (\/;_\/5)2

=—F=—20

N e

47. The linear approximation to f(x) atais
- L(x)= f(a)+ f'(@)(x—a)

2
X =a” +2a(x-a)
42. g( ):1 = )
—X =2ax—a
) (l—xz)—x(—2x) 14 x2 1 Thus,
9'(x)= = a=— _ 2 )
(1_xz)2 (1_X2)2 2 f(x)—L(xX) =X (Zax a)
2 2
The linear approximation is then =X"-2ax+a
iy a2
L(X):Eﬁ-g(x—lj:&X—i _(X a)
3 9 2 9 9 >0
T 48. f(x)=(@+x)*, f'(x)=alt+x)**, a=0

i The linear approximation is then
L(x)=1+a(x) = ax+1
y

43. h(x)=xsecx;h'(x)=secx+xsecx tan x,a =0
The linear approximation is then
L(x)=0+1(x-0)=x

44. G(x)=x+sin2x; G'(x)=1+2cos2x,a=7/2
The linear approximation is then

L(x)=%+(—1{x—%j:—x+zz L —
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\_y 49. a. lime(h)= lim( ()= £ (x)= £'(x)h)
B =f(x)-f(x)-f'(x)0=0
L1 :ﬁ"’l"r"r-ﬂ b. rl]i_rn)@:ﬁm w_f,(x)

b N = F(x)- F(x) =0

AY 2.10 Chapter Review

Concepts Test

1. False:  If f(x)=x°, f'(x)=3x%and the
Lttt by tangent line y =0 at x =0 crosses the
> curve at the point of tangency.

B 2. False: The tangent line can touch the curve
5L at infinitely many points.
L a=0
AY 3. True: Mtan = 4x3, which is unique for each
value of x.
4. False: Moy = —SIiN X, which is periodic.
5. True: If the velocity is negative and

increasing, the speed is decreasing.

6. True: If the velocity is negative and
decreasing, the speed is increasing.

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

8. False: f(x)= ax? +b, g(x) = ax® +c,
b=c.Then f'(x)=2ax=g'(x), but
f(x) = 9(x).
9. True: D, f(g(x)) = f'(g(x))g'(x); since
g(x)=x, g'(x)=1, so
Dy f(9(x)) = f'(9(x)).
10. False: D,y =0 because = is a constant, not
a variable.
11. True: Theorem 3.2.A
12. True: The derivative does not exist when the

tangent line is vertical.
13. False: (f-9)(X)=f(X)g'(X)+g(x)f'(x)

14. True: Negative acceleration indicates
decreasing velocity.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

144
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True: If f(x)= x39(x), then
Dy f (%) = x°g'(x) +3x°g(x)
=x°[xg'(x) +3g (X)]-

False: D,y = 3x%; At 1, 1):

Mign =3(1)° =3
Tangent line:y—1=3(x-1)

False: D,y =f(x)g'(x)+g(x) f'(x)

D7y = f()9"()+g'() f'(%)
+g () £(x)+ £(x)g'(x)
= (9" () +21'(x)g'(x) + F"(x)g(x)

True: The degree of y = (x3 + x)8 is 24, so
DXy =0.

True: f(x)=ax"; f'(x) = anx"?

T D, 09 900100 00T

9(x) 9°(x)

True: h'(x) = f(xX)g'(x) +g(x) f'(x)
h'(c) = f(c)g'(c)+g(c) F'(c)
=1(c)(0) +9(c)(0) =0

sinx-sin(Z

True: f'(ﬁj = lim —(2)

2 x->%  X=3
. sinx-1
= lim
x—)% X—%

True: D2(kf) =kD?f and
D2(f +g)=D?f + D%g

True: h'(x) = f'(g(x))-g'(x)

h'(c) = £'(9(c))-g'(c) =0

True: (fe9)(2)=1'(9(2)-9'(2
=f'(2)-9'(2)=2-2=4

False: Consider f(x)=+/x. The curve
always lies below the tangent.

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

True: c=2nxr,; £=4

dt
g _ 21'5ﬂ =2n(4)=8n
dt dt
Section 2.10

29. True:

30.

3L

32.

33.

34.

35.

36.

37.

False:

True:

True:

True:

True:

True:

False:

False:

Dy (sin x) = cos x;
Df (sinx) = =sinx;
fo(sin X) = —COS X;
Df(‘(sin X) =sin x;

Di’ (sin x) = cos x

D, (cosx) = —sin x;

Df (cos x) = —cos x;

Df(cos X) =sin x;

Df (cosx) = DX[D;" (cosx)] = Dy (sinXx)
Since DL"3(cos x) = D (sin x),

D3 (cos x) = DY (sin x).

tanx 1,  sinx
lim

lim——==
x—0 3X 3 x>0 XCOS X
_1,01

3 3

ds 2 S
V:E:15t +6 which is greater
than O for all t.
Vzim’3

3
d—V:4TcI’2ﬂ
dt dt
Ifd—V:3, then ﬂ: 3 S0

dt dt  4pnr?
£>0.
dt
d?r 3 dr d?r

—__° = <0
dt?  2mrddt gl

2

When h >, then %> 0
dt

v :%nr3, S = 4nr?

dV = 4rr?dr=S-dr
If Ar =dr, then dV =S-Ar

dy = 5x*dx, so dy > 0 when dx >0,
but dy < 0 when dx < 0.

The slope of the linear approximation
is equal to
f'(@)=f'(0)=-sin(0)=0.
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Sample Test Problems

3(x+h)® -3x3 9%%h +9xh? +3h®

1. a.  f'(x)=lim = lim = lim (9x% + 9xh +3h?) = 9x°
h—0 h—0 h h—0
5 (95 4 31,2 2,3 4 5
b, £'(x)= lim [2(x+h)” +3(x+h)]-(2x> + 3X) _lim 10x"h+20x°h“ +20x“h" +10xh™ + 2h” + 3h
h—0 h h—0 h

= r!imo(lox4 +20x3h +20x2h? +10xh® + 2h* +3) =10x* +3
%
—% h 1 1 1
¢ fo=tim 3 o oL
h—0 h h—0| 3(x+h)x |h  h>0 | 3x(x+h) 3x2

d £ = lim 1 I S Y 3x*+2-3(x+h)*-2 1
' 50| [ 3(x+h)2+2 3x2+2)h| h-0| B(x+h)2+2)(3x2+2) h

{ —6xh —3h?2 1} —6X—3h 6x

B(x+h)?+2)(3x* +2) h

= lim

= lim
0 B(x+h)2 +2) (32 +2)  (3x% +2)2

h—0

\/3(X+h ~V3x | (V3x+3h - VB)(V3x+ 3h +V/3x)
~ hoo h(x/3x +3h ++/3x)
3 3

. 3h .
lim = lim =
h—0h(v/3X+3h ++/3X) h=0+/3x+3h++/3x 23X

sin(3x +3h) —sin 3x

e (9= lim

sin[3(x + h)] —sin 3x

f. f'x)=li = lim
— h h—0 h
. sin3xcos3h+sin3hcos3x—sin3x .. sin3x(cos3h-1) . sin3hcos3x
= lim = lim + lim
h—0 h h—0 h h—0 h

—3sin3x fim S35 cosax tim 3N _ (36in3x)(0) + (cos3x)3 lim S0 (cos3x)(3)(1) = 3c0s 3x
h—0 3h h—0 h h—0 3h

\/(X+h) +5-x%+5 (\/(Hh)z+5—\/x2+5)(\/(X+h)2+5+x/x2+5j
= lim
h e h(\/(x+h)2+5+\/x2+5)

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

hﬁoh(\/(x+h)2+5+\/x2+5j h_’()\/(XJrh) +544X%+5 2\/x +5 \/x +5

g (=

, cos[n(x+h)]-cosnx . cos(mx+mh)—cosmx . cosmxcosrh —sinxsin wh — cosmx
h. f'(x)=lim = lim = lim
—0 h h—0 h h—0 h
. 1-cosmh . . sinzh . .
= lim | —rcosix—————— |— lim | wsin X = (=7 cos x)(0) — (rsin mx) = —wsin X
h—0 nh h—0 nh

2 52 B
2. a g'(x)=lim 222X _ i 20200t
tox t-X t—x t—X
=21lim(t+x) = 2(2x) = 4x
t—X
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(t3 +1) = (3 +x)

b. g'(x)=
t—-X
m(t—x)(t2+tx+x2)+(t—x)
t—x t—Xx
= Iim(t2 X+ X2 +1) =3x%+1
t—X
i-1 x—t
c. g'(x)=limi—X=lim
toxt—X toxtX(t—x)
-1 1
=lim—=-—-
t—x tX X2
. 1 1 1
d. '(xX) = lim -
o) t—>XK 241 x2+lj(t—xﬂ
2 _t2
= lim
t=x (12 +1)(x° +1)(t - X)
_lim 2—(x+t)(t X)
t=x (12 +1)(x? +1)(t - X)
_lim 2—(x+t) 22x .
t-x (t +l)(x +1) (x +1)
Jt-x

e. g'(x):tlim ~
_tim =GR+
O 0+ V)

: - . 1
_flm(t—x)(\/h«/;) _f“—rﬂh/ﬂ«/;
1

"2l

sin ©it —sin X
t—Xx
Letv=t-x,thent=v+xandas

f. g'(x)=Ilim
t—X

t—>x,v—>0.

. singt—sinnx . sinw(v+ X) —sin X

lim = lim

t—x t-x v—>0 v

_lim Sin v COS 7X + SiN X COS v — Sin 7tX
v—0 Vv

. sin v . cosmv -1
= lim | rcos tx——— + wsSin tx ——
v—0 v v

=ncos X -1+ wsin X - 0 = 1w Cos X

Other method:

Use the subtraction formula

n(t + X) sin n(t—X)
2 2

sin it —sin X = 2¢0s

146 Section 2.10

o

/3 3
g'(x) = I|m t x3+C

B (\/t3+C —\/x3+C)(\/t3+C +«/x3+Cj
" (t—x)(MM/R)

33
= lim
X (¢ - x)(\/t3 +C+VC+ )
t2 4 tx+ x2 3x2
= lim

t_’X\/t +C+\/x +C 2\/x3+C

C0S 2t — cos 2Xx

g'(x) = lim
t—ox t—X

Letv=t-x,thent=v+xand as
t—>x,v—>0.

. COS2t—c0os2x . C€0S2(V+ X)—COoS2X
lim = lim
t—x t—Xx v—0 v
_lim C0S 2V €0S 2X —Sin 2vsin 2X — €0S 2X

v—0 \"
= lim [ZCOSZXM 2sin 2Xsm2v}

v—0 2V 2V
=2c052x-0-2sin2x-1=-2sin2x
Other method:

Use the subtraction formula
€0s 2t —cos 2x = —2sin(t + x) sin(t — x).

f(x) =3xatx=1

f(x):4x3 atx=2

F0) =V atx=1

f(x) =sinxat x=x
f(x)=— atx
f(x) = —sin 3x at x

f(x) = tan x at x=%

f(x)=—= atx=5

(

3
f'(2)~ ——
(2 2

3
f'(6) ~ —
©) 2
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y ze—g:g 4 ax* -2 _ (X +x)(8x) - (4x* =2)(3x° +1)
€. Vayg 3 3,2
7-3 8 dx{ x°+x (x° +x)
d . ) a —4x* +10x% +2
Att=2 4f'(4)~4(3j—§ 1
o “\3) 3 12. Dy(t/2t+6) =t 2)+/2t+6
W20 =t e
dre20y- ' - ++/2t+6
e. LIPP0O1=2fO1'0) N v
Att=2,
3
2f(2)f'(2)=2(2)(——)=—3 TR T T
4 dx| \[y2 44 ) dx

_ 1.2, 302
f %(f(f(t)»:f'(f(t»f'(t) == (TR0

Att=2, f/(f(2)'Q) = f'(2)f') _

3 3 9 (Xz-i-4)3
~[_ZJ(_ZJ‘E
d (x¥*-1 d 1 d 4o 1

X

14, — |2 e xV2 o=

5. D,(3x°) =15x* dx\'x3-x dxx dx 2%3/2

6. Dx(x3—3x2+x‘2)=3x2—6x+(—2)x_3 15. Dg(sin6?+cos3¢9):cos¢9+3c032¢9(—sin9)
=3x% —6x—2x"° =0s0 —3sindcos’ O

Dgz (sin@ + cos® 0)

7. Dz(z3+422+22)=322+8z+2 3
=—sind —3[sin 8(2)(cos &)(-sin &) + cos” &]

8 D (3x—5j_(x2 +1)(3) - (3x - 5)(2x) = —sin@+6sin® Ocosd —3cos’ @
] (x2 +1)2 q
_ 3x? +10x+3 16. E[sin(tz) —sin®(t)] = cos(t?)(2t) — (2sint)(cost)
- Y
(x*+1) =2tcos(t2)—sin(2t)
2
9. Dt( 4;_5 j:(& +2t)(4)2"(4t"25)(12”2) 17. Dy[sin(62)] = cos(0%)(26) = 26 cos(6?)
6t° + 2t (6t + 2t)
2
:M 18. di(cos35x)=(300525x)(—sin5x)(5)
X

(6t2 +2t)?
= —15c0s2 5xsin5x

10. DX(3x+2)2’3=§(3x+2)—“3(3)
=2(3x+2)V/3
D2(3x+2)?/3 = —%(3x+2)‘4/3(3)

=-2(3x+2)™3
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19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

148

;—H[Sinz(sin(ne))] = 2sin(sin(rd)) cos(sin(rd))(cos(nd))(n) = 2nsin(sin(nd)) cos(sin(nd))cos(nb)

%[sin2 (cos4t)] = 2sin(cos 4t) (cos(cos 4t)) (—sin 4t)(4) = —8sin(cos 4t) cos(cos 4t)sin 4t

Dy tan 36 = (sec2 30)(3) = 3sec? 30

i( sin 3x j_ (c035x2)(0053x)(3)—(sin 3x)(-sin 5x2)(10x) B 3c0s5x? cos 3x +10xsin 3xsin 5x°
dx B -

c0s5x2 cos? 5x2 cos? 5x2

£/(x) = (x% =1)?(9%% = 4) + (3x% = 4x)(2)(x? =1)(2%) = (x* =1)?(9x® — 4) + 4x(x* —1)(3x° - 4x)
f'(2) =672

g'(x) = 3cos3x + 2(sin 3x)(cos 3x)(3) = 3cos3x -+ 3sin6x
g"(x) = -9sin3x +18cos 6x
9"(0)=18

2

d [ cot X J _ (secx?)(=csc? x) - (cot x)(sec x%)(tan x2)(2x) _ —csc? x —2xcot xtan x

dx \ sec x? sec? x2 sec x2

b ( 4tsint ]_ (cost —sint)(4t cost + 4sint) — (4tsint)(-sint — cost)
t . = .

cost—sint (cost —sint)?
3 4tcos® t +2sin 2t — 4sin?t + 4tsin? t _ At+2sin 2t—4sin’t

(cost —sint)2 (cost —sint)2

f/(x) = (x=1)32(sin nx — X)(r cos mx —1) + (sin 7x — X) 2 3(x — 1)

= 2(x=1)3(sin 7x — X)(r cos X —1) + 3(sin 7x — )2 (x 1)
f'(2) =16 — 47 ~ 3.43

h'(t) = 5(sin(2t) + cos(3t))4 (2cos(2t) —3sin(3t))
h"(t) = 5(sin(2t) + cos(3t))* (—4sin(2t) — 9 cos(3t)) + 20(sin(2t) + cos(3t))> (2 cos(2t) — 3sin(3t))?
h"(0) =5-1* - (-9) +20-1° - 2° = 35

g'(r) = 3(cos2 5r)(-sin5r)(5) = ~15c0s? 5rsin5r
g"(r)= —15[(cos2 5r)(cos5r)(5) + (sin5r)2(cos5r)(-sin 5r)(5)] = -15[5 cos®5r —10(sin2 5r)(cos5r)]
g"(r)= —15[5(3)(cos2 5r)(=sin5r)(5) - (1Osin2 5r)(—sin5r)(5) — (cos5r)(20sin 5r)(cos5r)(5)]

= —15[—175(cos2 5r)(sin5r) +50 sin® 5r]
g" (1) ~ 458.8

F'(t) =h(g(®)g') +29(®)g'(t)

G'(X)=F'(r(x)+s(x)(r'(x)+s'(x))+s'(x)
G"(x) = F'(r(x) +s0)(r"(x) +s"(x)) + (r'(x) + s'(x)) F"(r (x) + s(x))(r'(x) + s'(x)) + s"(x)
= F/(r () +S(0)(r"(x) +"00) + (r'(x) +8'(x))* F"(r(x) + 5()) +5"(x)
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32. F'(x)=Q'(R(X))R'(X) = [R(X)]*(=sin x) b. 128t-16t> =0

~16t(t-8)=0

The object hits the ground when t = 8s
v =128 — 32(8) = —128 ft/s

= —3cos? xsin x

33. F'(2)=r'(s(2))s'(z) = [3005(35(2))](922)

= 2772 cos(92°) 39. s=t3 6t2+9t
N Q:Z(x—z) v(t) = _3t2 12t+9
dx 2
2X-y+2=0;y=2x+2;m=2 a(t)— _6t 12
2(x-2)=-=

a. 3t2-12t+9<0

. 3(t-3)(t-1)<0
4 1<t<3; (1,3)
7.0 1(71
y=|--2| =—i| 7= 2
4 16'\ 416 b. 3t2-12t+9=0
3(t-3)(t-1)=0
4 4 t=1,3
8. V=3gm a(1)=-6,a(3) = 6
v 42 c. 6t-12>0
dr t>2; (2,0)

Whenr=5, ¥ _ 47(5)> =1007 ~ 314 mS per 20,19, 12, .5
dr 40. a. Dy (x7+x“+x7+100)=0

meter of increase in the radius.
b. Dfo(x20 +x9 4 x18) = 20!

36. V=g r3; ‘ij\t/ 10
c. DZ7x?+3x%%)=(7-211)x+(3-201)
dv 2 dr
— =4qr’ —
dt dt 20, 4,
dr d. Dy (sinx+cos x) = Dy (sin X+ c0s X)
When r =5, 10 = 4x (5)2 = sin X + oS X
% = % ~0.0318 m/h e.  D2%sin2x) = 2% sin 2x
t 10n = 1,048,576 sin 2x
b h 20
37. :—bh(12) Zih== 0(1) )¥Pon 20!
o2 bl =~
X X X
V= 6(3h)h 9h2 Vg
2 dt dy
41. a. 2(x-D+2y—==
v —18h@ dx
dt dt dy —(x-1) 1-x
When h =3, 9:18(3)% dx y y
dh 1 , dy 2 2 dy
— ==~0.167 ft/min b. xQ2y)—+y +y(2x)+x“°—=0
dt 6 @G Ty Y@ty
d
38 a. v=128-32t d—y(2xy+x2):—(y2+2xy)
v=0,when t=4s X )
s =128(4) —16(4)% = 256 ft dy __yT+2xy
dx  x%42xy
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¢ 332 dy _ .3 3y2) dy 13x%y8 o dy-- D)2 +4(-2)(1) +8(1) 0,00
dx dx 2(-2)(1) + 2(-2+2)°
%(By2 - 3x3y2) =3x2 y3 ~3x? =-0.0025
dy _3x 2y33x? xy3-x® b. dy= (_1) +4(2)(1) +8Y) (-0.01)
dx 3y —3x3 y y2 _ X3y2 o 05;2)(—1) +2(-2+ 2)
dy ; _
d. xcos(xy)[x&+ y}+sm(xy) =2X 45 a %[fz(x)+ gg(x)]
X2 COS(xy)% = 2x=sin(xy) - xy cos(xy) =2f(x) f'(x)+3g%(x)g'(x)
dy _ 2x—sin(xy) - xy cos(xy) 21(2)1'(2) +39%(2)9'(2)
dx x2 cos(xy) =2(3)(4) +3(2)?(5) =84
€. xsecz(xy)[x%+ y] +tan(xy) =0 b. %[f ()90 = f(x)g'(x)+g(x) F'(x)

dy f(29'(2)+9()f'(2) =)(B) +((4) =23
x2 sec? (xy)& = —[tan(xy) + xy sec? ()]

d , ,
dy  tan(xy) + xysec? (xy) c g LTE0NI=T(g(x)g’(x)

dx x% sec? (xy) f(9(2)9'(2) = 1'(2)9'(2) = (4)(5) = 20
20,01 _ '
42 2yy1':12x2 d. Dyffe(x)]=2f(x)f'(x)
. 6x2 DL 2 (0] =2[f (x) F"(x)+ /() f'(X)]
y Ty =2f(Q)f"(2)+2[f' Q)
At(L,2): yi =3 =2(3)(-1) +2(4)* = 26
4x+6yy; =0 i
.2 46. (13)> =x°+ y2
Y2 = —E
0= 2xd—+ Zyd—y
1
At(L,2): y5=-= dt dt
3 dy  xdx
Since (y1)(y2)=-1 at (1, 2), the tangents are a = y at
perpendicular. Wheny=5, x = 12, 50
_ Dy = - dy 12 24
43. dy =[x cos(zx)+2x]dx ; x =2, dx = 0.01 2= @)=-=-48 ftls
dy =[zcos(27)+2(2)](0.01) = (4 + x)(0.01) dt 3
~0.0714 47. sin15° _1 X _ 400
d d A
44, x(2y)d—y+ y2 +2y[2(x+2)]+(x+2)2(2)d—y: 0 y= Xsin15°
X X dy ., _.dx
dy 2 5 — =sin15°—
d—[2xy+2(x+2) 1=-[y° +2y(2x+4)] dt dt
X
dy o .
dy —(y? +4xy +8Y) P 400sin15° =~ 104 mi/hr
dx 2xy+2(x+2)2 ,
x| | 2047 _2¢
_ Y +axy+8y 48. a. D,(x)=2[x- 22 _x
dy = —————=-dx X
2xy+2(x+2)
When x=-2,y =1 (\X\) I
X
b. Dy [x|=Dx (MJ = 2 |X| 2|X| -
X X X
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c. DJ[x=D,(DZ|x|) =Dy (0)=0

d. DZ(x*)=Dy(2x) =2

_ |sind)| _
49. a. Dylsing|= 5o cosé = cotf|sin 6|

b. Dplcosé|= %(—sin 6) =—tan|cos6|

50. a. f(X)=+/x+1; f'(x):—%(x+1)_l/2; a=3
L(x) = f(3)+ f '(3)(x—3)
= 4+—%(4)_1/2(x—3)

:2—1x+§:—lx+E
4 4 4 4
b. f(x)=xcosx; f'(x)=—-xsinx+cosx; a=1
LX) =f@Q+ f'OQx-1
=cosl+ (-sinl+cosl)(x-1)
=c0s1l-(sinl)x+sinl+ (cosl)x—cosl
= (cosl-sin1l)x+sinl
~—0.3012x+0.8415

Review and Preview Problems

1. (x-2)(x-3)<0
(x-2)(x-3)=0
X=2 or x=3
The split points are 2 and 3. The expression on
the left can only change signs at the split points.
Check a point in the intervals (-«,2), (2,3),

and (3,0) . The solution setis {x|2 < x <3} or
(2,3).

1 1 I 3 [ | [ | |y
4 — b
-2-1 0 1 2 3 4 56 7 8

2. x> —x—6>0
(x=3)(x+2)>0
(x=3)(x+2)=0
Xx=3 or x=-2

The split points are 3 and —2. The expression on
the left can only change signs at the split points.

Check a point in the intervals (-«,-2), (-2,3),
and (3,0) . The solution set is
{x|x<-2o0rx>3},o0r (-0,-2)U(3,®).

S S Y ) 2 NG

-5 4 -3-2-10 1 2 3 45

Instructor's Resource Manual

x(x-1)(x-2)<0
x(x-1)(x-2)=0
x=0,x=1orx=2

The split points are 0, 1, and 2. The expression
on the left can only change signs at the split

points. Check a point in the intervals (—,0),
(0,1), (12), and (2,). The solution set is
{x|x<0orl<x<2},or (—»,0]uU[L2].

e 3111,

-5 -4 -3-2-1 01 2 3 45

X3 +3x2+2x>0
x(x2 +3x+2)20
x(x+1)(x+2)=0
X(x+1)(x+2)=0
X=0,x=-1,x=-2
The split points are 0, -1, and —2. The

expression on the left can only change signs at
the split points. Check a point in the intervals

(-0,-2), (-2,-1), (-1,0),and (0,). The

solution setis {x|-2<x<-1orx=>0},or

[-2,-1]u[0,0).
DA T - N
5 -4-3-2-10 1 23 45
x(;<—2)20
X -4
x(x—2)

—_— >

(x=2)(x+2)

The expression on the left is equal to 0 or
undefined at x=0, x=2,and x=-2. These
are the split points. The expression on the left can
only change signs at the split points. Check a

point in the intervals: (—,-2), (-2,0), (0,2),
and (2,0). The solution set is
{x|x<-20r0<x<2orx>2},or
(—o0,-2)U[0,2)U(2,0).

Y T Y - V2 B N

-5 -4 -3-2-10 1 2 3 45
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10.

11.

12.

13.

14.
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x? -9

X2 +2
(x=3)(x+3)

X2 +2

The expression on the left is equal toO at x =3,
and x =-3. These are the split points. The
expression on the left can only change signs at
the split points. Check a point in the intervals:
(=0,-3), (=3,3), and (3,%) . The solution set

is {x|x<-3o0rx>3},or (-0,-3)U(3,»).

A5 Ly,

Y
-5 -4 -3-2-1 01 2 3 45

>0

>0

f'(x)=4(2x+1)*(2) =8(2x+1)’
f'(x)=cos(zx)- 7 = wcos(xx)

f'(x)= (x2 —l)~—sin (2x)-2+cos(2x)-(2x)
=—2(x? ~1)sin(2x) +2xcos(2x)

, X-secxtan x—secx-1
(%)= 2
X
_ secx(xtanx—1)

X2

f'(x) = 2(tan3x)-sec® 3x-3
= 6(sec” 3x)(tan 3x)

f'(x)= %(l+sin2 x)fl/2 (2sinx)(cosx)

_sinxcos x

- V1+sin? x

f'(x)= c:os(x/§)~lx‘l’2 _ cosvx
2 23x

(note: you cannot cancel the Jx here because it

is not a factor of both the numerator and

denominator. It is the argument for the cosine in

the numerator.)

)71/2 C0S 2X

-C0S2X-2 =
\/sin 2x

£(x) :%(sin 2x

Review and Preview

15.

16.

17.

18.

19.

The tangent line is horizontal when the derivative
is 0.

y'=2tan x-sec? x

2tan xsecx =0

23|nx:0

cos? x
The tangent line is horizontal whenever
sinx=0. That is, for x=kz where k is an
integer.

The tangent line is horizontal when the derivative
is 0.

y'=1+cosx

The tangent line is horizontal whenever

cosx =-1. Thatis, for x =(2k +1)z where k is

an integer.

The line y =2+ x has slope 1, so any line parallel

to this line will also have a slope of 1.
For the tangent line to y = x+sin x to be parallel

to the given line, we need its derivative to equal 1.
y'=1+cosx=1

cosx=0
The tangent line will be parallel to y =2+ x

whenever x = (2k +1)% .

Length: 24 -2x

Width: 9-2x

Height: x

Volume: I-w-h=(24-2x)(9-2x)x
=x(9-2x)(24-2x)

Consider the diagram:

His distance swimming will be

V1% +x? =+/x* +1 kilometers. His distance
running will be 4—x kilometers.
Using the distance traveled formula, d =r-t, we

solve fortto get t = d . Andy can swim at 4
r

kilometers per hour and run 10 kilometers per
hour. Therefore, the time to get from A to D will

x> +1 4-x

be +—— hours.
4
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20. a. f(0)=0-cos(0)=0-1=-1
f(r)=n—-cos(z)=n—-(-1)=7+1
Since x—cosx is continuous, f(0)<0,
and f(z)>0, there is at least one point ¢

.in the interval (0,7) where f(c)=0.
(Intermediate Value Theorem)

b. f(zjzz_cos(zjzz
2 2 2 2

f'(x)=1+sinx

f (fj =1+sin[£) —1+1=2
2 2

The slope of the tangent line is m =2 at the

point (Z,fj . Therefore,
2 2
T V4 VA
——=2|X-=| or y=2x—-—.
y-5=x-g) o yo2ed
c. 2x-Z-0.

2X =

X =

INFIIVEEN

The tangent line will intersect the x-axis at
T

X==.
4

21. a. The derivative of x* is 2x and the
derivative of a constant is 0. Therefore, one
possible function is f (x)=x*+3.

b. The derivative of —cosx is sinx and the
derivative of a constant is 0. Therefore, one
possible function is f (x)=—(cosx)+8.

c. The derivative of x° is 3x?, so the

derivative of %x3 is x?. The derivative of

x? is 2x, so the derivative of %xz is X.

The derivative of x is 1, and the derivative of
a constant is 0. Therefore, one possible

function is %x3 +%X2 FX+2.

22. Yes. Adding 1 only changes the constant term in
the function and the derivative of a constant is 0.
Therefore, we would get the same derivative
regardless of the value of the constant.
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