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CHAPTER
Differentiation

Section 2.1 The Derivative and the Slope of a Graph
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3.
4. }
A
5. y
6.

7. The slopeism = 1.

8. Theslopeism = 3

9. The slope ism = 0.

10. The slopeism =

&

11. Theslopeism =- 1,
3
12. The slope ism = -3.

13. 2009: m =~ 118
2011: m= 375
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2010: m =~ 500
2012: m ~ 500

The slope is the rate of change in millions of dollars per
year of sales for the years 2010 and 2012 for Fossil.
15.t=3:m=8
=7:m=1
t =10: m=~-10
The slope is the rate of change of the average

temperature in degrees Fahrenheit per month in Bland,
Virginia, for March, July, and October.

16.(a) Att, f'(tr) >g'(ta), so the runner given by f is
running faster.

(b) Attz,g'(tz) >f'(t2), so the runner given by g is
running faster. The runner given by f has traveled
farther.

(c) Atts, therunners are at the same location, but the
runner given by g is running faster.

(d) Therunner given by g will finish first because that
runner finishes the distance at a lesser value of t.

7. () ()

fx =-1lat 0,-1

sec = Tmig —flOl
€ X
_o-i- -1
- X
=0
X
=0
m= lim m =lim0 =0
x—>0 sec x=0

18. f(x) =6at (-2 6)
f(-2+ x)-f(-2)

m =
sec X
=6-6
X
=0
X
=0
m= mm =lim0 =0
II 0 sec 0

The slope is the rate of change in millions of dollars
per year of revenue for the years 2009 and 2011 for

Under

Armour.
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f(x) =xk 1at (4,3)
f(x+x) - £(x)

reyesEl B egY ]
X
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() x=0

= lim
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1 7
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X
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=- 3
1
1
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L5 25
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5 1
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50. f(x) =x2 _7

) f(x) = mtm—H

1
49, f(X) =—4X2

fro .| )
dx+ x =—f xim
() . L x
x-0 X
A 2 _ !_1
e = lim
x—0 X X0 X
= lim cdx? ot xex—al 024l R _ tim R +2x x+ (X2 -7-% +7
x-0 X x>0 X
= dim o x el - gim X2xr )
x-0 X x= 0 i X
Ly ) = lim
= lim B Z:14 x-0 (2X+ X): 2X
x-0 X
( 11 ) Since the slope of the given line is - 2,
= lim|-=x -= x|
Xﬁok 2 4)
_ 2 2x=-2
C.)
2 x=-landf -1 =-6.
Since the slope of the given line is -1, ( )
_1x =1 Atthe point -1, -6, the tangent line parallel to
)
2 P
2x+y=0is (
x =2and f(2)=-1. Y- -6 =-, x- -1
Atthe point 2, -1, the tangent line parallel to
P () g P y =-2x-8.
) ( )
-1 =-1x -2
y =-x+1.
51. f(x) =-1x3
3
fry = nim Hoed = 10d
¢ x=0
X
- 3. 1
= tim T R e “TKE)
x-0

= x-0

X

lim ;_Ll( 2+ 3x2 X+ 3 x)%+( Xls'glxg
X

lim =% =& x-x( ho- 1)+

= x-0

X
lim _@-x_le x)
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. X
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x>=9
x=+3andf(3)=-9andf(-3)=9.

-(-9)=-9(x-3)y

=-9x +18.



-9=-9(x-(-3))

y=-9x-18.
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54.
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f(x)=x3+2

f'x = lim L(ﬁx_)__f(_x).

) L X
i (0% w22 (e 2)
x—-0 X
lim X +3x x+3x()&+ (x)&+2- x3 - 2
= x>0
X
lim 3x% x+3(x)%&+ [ x)?
= x50 -_— X N
lim x(3x;+ 3x x+ | ‘Xlz)_
lim X
=XH0(3Xz +3xx+(x)2)
3x°
The slope of the given line is
3x-y-4=0
=3x-4
m=
3x% =3
=1
X=z%1
=landf(1)=3
=-landf(-1)=1
At the point (1, 3), the tangent line parallel to 3x -y -4 =0is
y-3 =3; —f
y-3 =3x-3
= 3X.
-1=3(x-(-1))
-1=3(x+1)
y-1=3x+3
=3x+4.
y is differentiable for all x # -3. 56. y is differentiable for all x > 1.
At -3,0, the graph has a node. The derivative does not exist at endpoints.

57.yis differentiable for all x #+2.
y is differentiable for all x =+ 3. y X

( ) The function is not defined at x = *2.
At + 3,0, the graph has a cusp.

58. y is differentiable for all x = 0.

is differentiable forall x #- 1 . L .
y 2 The function is discontinuous at x = 0.

At (— % , 0), the graph has a vertical tangent line.
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[

59. Since f’'x” =-3forallx, fisa line of the form

f(x)=-3x+b.
(0" =2,502 =(73l( ) +b,orb =2.

Thus, f(x) =-3x+2.

60. Sample answer: Since f(-2) = f(4) =0, (x+2)(x-4)=0.

A function with these zeros is f (x) =x% —2x-8.

Then f'x, =lim Hoesd—iHd

( ) X—=0 X ( )

= lim {(X+x)2—2(x+ X)-8 - x* —2x -8

x—0

X
lim x2 +2xx+( x)2 -2x-2 x-8-x% +2x+8

=x-0

lim 2x x+( xP -2 X

=x-0

-

X

=lim 2x+ x-2
x=0

=2Xx-2.

so f', =2(1) -2=0. Sketching ' (X) Shows that
¢'x’<0for x <land +{d >0forx >1.

61.

X 2| - -1 | = 03 1 : 2

f(x) | 1]05625 02500625 | 0 [0.0625|0.25 | 05625 | 1

f' X) -1] -0.75 -0.5 | -0.25 0 1025 0.5 0.75 1
£ 1 .
Analyticatly, theslopeor T(XJ= T Xo IS

m= lim f[g—l )_f (X)

Xx—-0 X

1 2 1,2
lim 20X+ XJE= X
-0 X
U2

lim 4L
Xx-0 X

]
3
>
>
+
T
| ><
A
b

= lim X X+74
x-0 X
lim X X
x—0 (12 +l4 )
1
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X 2| - -1 - of | 1 P 2
f(x) | -6 | -253 | -0.75 | -01 0fo01 0.75 | 2.53 6
' x ) 9 |5.0625 2.25 3305625 | 0| 0.5625 | 2.25 | 5.0625 9

Analytically, the slope of ) - is
m= lim lX_+_)_—‘_‘L_]
x-0 X
= jim 3(xxx° - ¢
x-0 X
Lo mctaen( 00
= lim .
Xx—0 X
=M e Ssrecr Sx0023 —a(x)® - 33
x—-0 X
= lim £xfz a3l %) il 1
Xx—0 X
R (T RS |
Xx—0 X
) B 2 3
= “mxao(AXz + X X+ X)Z)
§4x2.
2
-2 \ 2
i B
X 2| -2 -1 -4 0 -4 e 2
! A A TR B
-_—__.L_-_ _—_‘_.L _-__ -2 — 2

—Hx— 24— 1687505 " _0U0625 U 00625 =05 <=LG6875 =4
frx -6 -3375 -15 -0.375 0 -0.375 -15 -3.375 -6

Analytically, the slope of f(x) = - s

m= M ot 3 ) )

x-0 X

L 3 ,T
- = X+
7 =Y _ —
lim - 2 -
x—=0 X
- X 43 xe3x x xal+ 13
= lim - 2t — = T 2
Ko 0 X ..
__‘F 2 X+ 3X X 24+ X3 —|
— (2-=L o
= lim =& T
30l o)

x>0




= lim- 13 +3x x + x:2]
3

-2 %2,



Section2.1

64. 2

The Derivative and the Slopeofa Graph

X —_2 L —3 -1 —_1 0 1 1 : 2
f(x) |-6|-3375|-15]-0375 | 0| -0375|| -1.5 | -3375 | -6
f"x |6 |45 3 15 o|-15 [[-3 [-45 [-6

Analytically, the slope of T(x] = s
M= 1§ Gt e )

x-0 X
= 2- 3 2
= lim A X w2 X))
x—-0 X _
1
X v 22X+ xP=+3%°
s im 2l T (L2
x—-0 X
—_3[_ X+ X 2—|
= gim 2T A
x—0 X
X=0 2[
= lim -= 2x + x
-3 —
65 f'(x)=lim f(x+ x)-f(x) 8
x IR
(x+x)2 -4(x+x)- (0 -4
T EET
= lim e
x-0 X
2xx+ (x)% -4 x —~
= lim —
ol X
=lim 2x+ x- 4
2x -4
The x-intercept of the derivative indicates a point{of horiz?nta(l tangenc):y for f.
x+x) - f 2t = k2= 2+6X
66. f'(x) = im - L ! XX (
x—-0 x-0
6 x- 2X X- -[‘X, —6-2x
= lim y =lim 6-2x- X
X ( )
x=0 x=0
13
7 14

1

The x-intercept of the derivative indicates a point of horizontal tangency for f.
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67.
P00 lim 1 ot ()

oy X
X+ X 3__=—3X+_X_

lim A2t — =

I —

x-0 X
tim Xea3x?__x+3x(2 # (0 - 3= 3 x-% +3x
x-0 X

. X2 x+3x(x)2+(x)% -3 x

x-0 X

limyso (3X2 +3x x+ (x)? - 3)
3x* -3

4

4

The x-intercepts of the derivative indicate points of horizontal tangency for f.

68. £/(x) = lim _LL&_;_Q )

X-0 X

y (x+x)® - 6(xx+ X]Z——_LX3—GXzJ_
im == =

X-0 X

I'mﬁ - 3 x+3x(0Q2 + (X3 - G(Xz +2X x+(x12]— Xz + 6 X2
I - . . iy ~ 4

Xx—0 X

limxo (3x2 +3x x+(x)? -12x-6 x)
3% - 12x

4
-4 b V| 8

-36

The x-intercepts of the derivative indicate points of horizontal tangency for f.
69 True. The slope of the graph is given by " )

f(x)=2x 73. The graph of f(x)j=x +1issmooth at (0, 1), but the
which is different for each different x value. graph ofg (x) =X +1hasanodeat (0, 1). The

. . . . function g is not [differentiable at (0, 1).
70. False. f (x) =] x| is continuous, but not differentiable at g ) l ©.2)

x =0.

True. See page 122.
72. True. See page 115. 4 4
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Section 2.2 Some Rules for Differentiation

Skills Warm Up
1. (@) 2¢, x=2 5(;\,34: 1
( )0 \a ) aee
222 =24 =8

( ) 3 (2) 3
[52 , =10 =100
L ()=
(©) 6X 2, x =2
;
32 +2x =0

o
—~
)
—
|
N
|
o
~
-
ol
<
~
w
<
+
N}
—
1
o

1 X =0
Trox=2
2 (a) ( )2 33X+ 2 =0-X =—%
i L 1 8 XX -x=0
r32 . =62 =36 C )
_ X x-1 =
A Xx+1 x-1 =0
)
(b) 4%’ x=2 ( ) o
-1 1 4 x+1=0-x=-1
4(#)a(8) 32 X-1=0-x =1
(22 2+8x-20=0

©

-, X =2 9. X
4x?(x+10)(x-2)=0
[22] " ,
/T > N N |
_ 6
427 Ta2)2 = 4(#) -4 X-2=0-x=2

Xx+10=0-x=-10

( L () ( ) 10. 3% -10x+8=0
3.43x3 + 22x =12 + 4x = 4x3x% + 1 ( )
3x- 4 X -2 =0

4203 -20 =2, - _x=2x [r;,-1) X-4=0-x=
X-2=0->x=2
1.y=3 6. h(x) =6x°
y=0 hx =30x*
( )
2. ((x)=-8 5x¢
f'X =0 7 y:
( ) 3
3.y =% y = 20, _ 10,
63



4.f(x)= &= =xs
xeg’

—
|

1
|
o)}
>

=3x"




h' x

ox2



Chapter2 Differentiation

10.9(x) =% =3 s(6) = 4t* - 2t+ t+35/(t)
3 3
1 =16t2-4t+1
géx ==
) 3
y=2-x2+3x-1y =
y=8-xy 6x2 - 2x+ 3
= - 32
g(x)=x2/3
2 2
y=t2—6 -/ -
/
yr=2t gl(x] - 3/X—13 =3X13
52
f () = 4x° - 3x 20.4(x) =X5
2/
f'(x)=8x-3 h(x) =2 X2
g(x) =3¢ +5¢ 21y =4t*3
4 6 /
g'(x) =6x+15x% =15%° + 6x y’=4(§)t/13 ="trs
f(t)=-3t?+2t-4 22.f(x) =10x!®
f’(t)=—6t+2 f,X :-*X—EG:L :_5
() N/
y=7x3-02+8 3 3xs6 36 Xs
y' = 2152 - 18x y =X
Yy =-8x73 +4x1 =-  +4X
X3
s(t)=8t-% +t
s’(t)=8(—4t‘6)+1=—gte +1
Function Rewrite Differentiate Simplify
_2 _2 y’:Lﬁ y/=_ _8
25.y = y = "X-¢
X5
7x* 7 7 7%
2 2 7 A -3
26.y = — y =m
3% 3
y =-3X
27.y = L. y =dxs Y ==y v
(4x) 64 64 647xs
I _a y == 31
y'=-32 X7
28.y = (2% y = 64X 64
—4_ 4
20y="T . y =128%° y =1285x y' = 640 x*
(2x) s ()
4x
— 4 , 3 3
y' =44X y' = 16x
Y=
30. X-3 y =4x ()
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31y =6 Vx =6x2 r=6( ! )xaz y'=
y y y ( ) 5
3/X 3 s y= 1 xn 3
32. - - l= \/_
y 4 y = 4x 4 2) y=8 "X
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Function Rewrite Differentiate Simplify
1 _1 A VI o1
33. —_ y = x¥e y' = et 476 y =— _
X 7 ) 125K
3 5 - 3 ~ , 9
wyzs o ys R
2 X 2/ ARY, 8.4 x7
— 5 , ‘ 1 J8 B
35. y = 8x y =(8Xyl :/8 )J‘S) y' =8 / I " / | y’ =8 / 45 S —_— =
X
F )/ 5x 5sX4  Bx
2\X— 3 =2 6
36. y = 36X’ y = 3B (x> y'= N 1 o
3 37 x
y=x%y 43. ) =—2x(1+x2) == *x— 2§
3 12/ 2 2 2
==X 1 3 2
/
2 f()=—2 —2X
At the point (1,1),y" = 3% ()2 =% — - fri=-1-3
- co () 2 2=-2
38y = x* 44, £(x) =3(5-x)% =75030x +3x2
2 : 10 6
r = - =-30+
y=x X ‘ ,X ' =
At the point (3,4 Vy =— 4 =-=
16 4 2
4
3 - _
\4 3 ) () 9 (@ y =—2x +5x -3
y’:*8X3 +10 x
_i—4
30 1=t m=y(1)=-8+10= 2
5 4
=— The equation of the tangent line is
f()=—4t ts i
At the point y-0=2(x-1)
=2x—2.
L6, 4 4
( | V=— 4 =-128=m.
OV ==y
(2 ) (2) (‘_1\‘ = (b) and (c) 31
, \ 2) 32
f(x): X 13 -4.7 4.7
f(x) S S — Y
3 33 “a1
1 ) 1
Atthe point 8 \ (8)=7 - = =m. @y-= X3 +x+4
L 43
Lo2) 3(8
() y':?,x2 +1

41 f(x) =23 +8x% —x-4

2

f(x)=6x +16x—1
At the point

=y(-2)=3(-2)? +1=13
The equation of the tangent line is

—(-6)=13x- (-2)]1

91



1 =612 .
-1,3,f ~1=6-1°+16-1 —1=-11=m. y+6=13x+26y
) O Q0) = 13x+ 20,

42. £(x) = x* —2x3 +5x —7x (b) and (c)

50

’

3 2
f(x)=4x —6x +10x—7
At the point

(-1.15), 1(-1)=4(-2) —6(-1) +10(-1) -7

=—4-6-10—-7=—-27=m.

-50
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47. @) f(x)= Ix+ ; x =xB +x1°

/
f’(x) = l)(—2/3 + l)(—,ts =1 1
3 5 xR
m=frq=t41 =8
0O 3 5 15
The equation of the tangent line is
0 4 0
8
2=15 (x-1)
8 22
=15 x+157".
(b) and (c) 31
-4 4.7
-31
1 3
48.(a) f(x) =——-x= x°° —x
X /Xz
z /
Fi(x)= —3 x s—1
2 1
m= f(—l) = 1=
3 3
The equation of the tangent line is
—2=-14(x+1)
——1x48
3 3
(b) and (c) 4
5 4
-2
)
49, (a) (. 2
|
\ x)
y = 3 -6
y! = 9X2

m=y=9(2)% =36
The equation of the tangent line is

-18=36(x—2)

5x4P

(b)

@ y=(x+1)

=4x°+4x+1
y'=8x+4

=y=8(0)+4=4
The equation of the tangent line is

“1=4(x-9) -

y=4x+1.

and (c) 3

51. f(x)= x> —4x?t-3x?

52.

frx =ox+4x2 +6x3 = ox+ 2 48
() -
f(x)=6x> —5x2 +7x°
10
()
X
frx =12x+10x 2 —21x 4 =12x+
2 2 _» 4
53. f(x)=x® —2x— 5 =x% —2x-2x
X
8
() 2 28 =2 2 ~
fx=x— +x = X— + 5

54.

f

f
f

()= x® +ax+ % = X% +ax+

’ - _1
(X)=2x+4-x =2x+4-
(x) = x* +x
X = ix];5+1:_—4_ +1
/
0 5 5
, !
15
y =36x—54

><.x> |H
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56. f (x) = X13 — |
1

1 1
f/(x)= 3x23 = 3xes

(b) and (c) 50

50

57. 1) = x(x2+1) =x® +x
! _ 2
f(x)=3x +1
58.1(x)= (X +2x)(x+1)= 3 +3x% +2x
' 2
f(x)=3x +6x+2

/-



=2X—4 + 3x=
2
3 26 =3
f(x)=2-6x3=2- & =26 _f =
X3 X3 X3
2 _
60,f(x)z2i- '3X+1 =2x-3+x!
4 _» 72:2— ;_ :2_2;
f (x)=2-X X2 X2

61 f( )_ Mﬂ'té‘
. X -

3
f(x)=4-2x2-10x3% =4-2-10 =4x2x-10

¥ X3
62. f(x)= &% LT 2XHL =62 +3x-24x
X
' - l
f (x)=-12x+3-x  =-12x+3- X
_ A
63.y = X° —-2x+3

y'=ax —4x= 4X(X2 - 1) =0 when x =0,+1

Ifx = +1, then y = (x1)* —2(x1)? +3=2.

The function has horizontal tangent lines at the
points (0, 3), (1,2), and (-1, 2).

y = x° +3x°
y'=3x* +6x=3x(x+2)=0whenx =0, 2.
The function has horizontal tangent lines at the
points (0, 0) and (-2, 4).
y =22x% +5x
y'=x+5=0when x=-5.
The function has a horizontal tangent line at the point
(75, - &2) .
y = x% +2x
y'=2x+2=0when x=-1.

The function has a horizontal tangent line at the
point (-1, -1).

=4x—3+2x " +5x72

Section2.2 Some
Rule s for D iffe rentiation 93

y=x2+3
y' = 2x
Set y'=4.

2Xx =4

X =2
Ifx=2,y =(2)? +3=7-(2,7).
The graph of y = x? + 3 has a tangent line with slope

O A0G O

4 at the point (2, 7).
y=x°+2X
y'=2x+2
Set y’'=10.
2x+2=10
x=4

If x=4,y =(4)% +2(4) =24 — (4, 24).

The graph of y = x 2+ 2xhasa tangent line with slope m
=10 at the point (4, 24).



94 Chapter2 Differentiat i on

69. (a) 70. (a)

y

)
(b) f’[x) =2X
(b) fr1 =2
f! 1‘=g"1‘ =3 g’(x):ﬁx
(c) Tang(e)ntlinetofatx =1 g(1) =6
f1=1 (c) Tangentlinetofatx =1:
~1=3(x-1) f(1)=1
y=3x=-2 ~1=2(x-1)
Tangent lineto g atx =1: y=2x-1
g(1)=4 Tangent line to g at x = 1:
-4=3(x-1
y (x-1) g(1)=3
=3x+1
y y—3=6(x—1)
=6x-3

(d) g’ is 3 times
f.
(r (O G O G 0
71.1fg x =f x +6,then g'x =f'x because the derivative of a constantis0,g’'x = f'x.

Ifg (x) =2f(x),theng’(x) =2f'( x) because of the Constant Multiple Rule.
Ifg (x) =-5f(x), theng'( x) = - 5 f'( x) because of the Constant Multiple Rule.

Ifg (x) =3f(x) -1, theng’( x) =3 f’( x) because of the Constant Multiple Rule and the derivative of a constant is 0.
(@ R =-4.1685t° +175.037% - 1950.88t + 7265.3
R’ =-12.5055t 2 + 350.074t - 1950.88

2009: R'(9) = -12.5055(9)? + 350.074(9) - 1950.88 ~ $186.8 million per year

2011: R'(11) = -12.5055(11) + 350.074(1) - 1950.88 ~ $386.8 million per year

These results are close to the estimates in Exercise 13 in Section 2.1.

The slope of the graph at time t is the rate at which sales are increasing in millions of dollars per year.
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(@) R=-2.67538t 4 + 94.0568t ° - 1155.203t 2 + 6002.42t - 9794.2 R’
= -10.70152t 3 + 282.1704t % - 2310.406t + 6002.42

() () () ()
2010:R"10 =-10.70152 10 5 +282.1704 10 ,- 2310.406 10 + 6002 ~ $413.88 million per year

(H (H ( ()
2012: R’ 12 = -10.7015212 5 + 282.1704 12 - 2310.406 12+ 6002 ~ $417.86 million per year

These results are close to the estimates in Exercise 14 in Section 2.1.

The slope of the graph at time t is the rate at which sales are increasing in millions of dollars per year.

77. (a) More men and women seem to suffer from migraines 8l f(x)= 4.1x3 -12x% +2.5x
between 30 and 40 years old. More females than

- f'x =123x% -24x+25
males suffer from migraines. Fewer people whose ()

income is greater than or equal to $30,000 suffer 12
from migraines than people whose income is less

than $10,000. f/ /
b,

The derivatives are positive up to approximately / s
37 years old and negative after about 37 years of N/
12

age. The percent of adults suffering from
migraines increases up to about 37 years old, then

decreases. The units of the derivative are percent f has horizontal tangents at (0.110, 0.135)
of adults suffering from migraines per year.
and (1.841, -10.486).

(a) The attendance rate for football games, g'(t ), is

82. f(x)=x3-14x* -0.96x+144
greater at game 1.

f'(x) =3x? - 2.8x-0.96

) 5
is greater than the rate for football games, g’ t, /
at game 3. () 1 ;T ol ,

\‘*—u-/
(c) The attendance rate for basketball games, 't /
)

(b) The attendance rate for basketball games, f’(t )

is greater than the rate for football games, ¢’ t,
at game 4. In addition, the attendance rate

-5

for football games is decreasing at game 4. f has horizontal tangents at (1.2, 0) and (-0.267, 1.577).
At game 5, the attendance rate for football
continues to increase, while the attendance rate for False. Let f (x) =xand g (x) =x+ 1. Thenf

basketball continues to decrease.
'(x)=g'(x)=1,butf(x) =g (x).

C =7.75x + 500

C' = 7.75, which equals the variable cost. 84. True. ¢ is a constant.

C=150x + 7000

P=R-C
P =500 x - (150 x + 7000)
P = 350x - 7000

P’ = 350, which equals the profit on each dinner sold.
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Section 2.3 Rates of Change: Velocity and Marginals

ol ll AL bl
SLUNLINRALCIRIRS) V)

-63-_ -105
p Bl @
21-7 14
=3
-43-35 - 78
2. =
6-(-7) 13
=-6
24-33 -9
1
3 - = =-3
9-6 3
40-16 24 12
4. = =
18-8 10 5
5.y =4x? -2x+7
y =8x-2
6.5 =-2t3 +8t2 -7t

§'=-6t2 +16t-7

7S =16t 2 + 24t + 30

8. y =-16x2 +54x+70
y'=-32x+54

90.A=  —(-2rs +3rz +5r)
10

Al = 11(')'(—6r 2 + 6r+ 5)
3 3 1

A=— r? +sr+

10. y= (6°-18¢ +63x-15)
T
y' = 3(18x - 36x + 63)

y'=2x -4x+7

XZ

11,y =12x- oo

y =12 - 2X

5000
X

y  =12- 2500

s =-32t+24

120 - 63
1. (a) 1980 -1986; ———

6-0
(b) 1986-1992:
12-6

(©) 1992 -1998; 21L& 102 billion yr

18-12

(d) 1998-2004:
24-18

=$9.5 billion yr

165-12
15-1%0 = $7.5 billion /yr

305- 226 ¢35 billion yr

12. ¥ =136+ 74x - _ X3
10,000

2
y =74- 3K
10,000
408 - 305
(e) 2004-2010: — =~ $17.2 billion yr
30-24
453 - 63 .
(f) 1980 -2012: —— = $12.2 billion /yr
32-0
(9) 1990 2012: 453=82 ~ 5137 billion )yr
32-10
() 2000-2012: 2E=22 + 515 3 pilliory yr
32-20




: £ =-x% -6x-5;[-3,1
(@) Imports 295 _ 225 (x)=-x X [ ]
1980 —1990: = $25 billion yr Average rate of change:
fl1-f -3
Exports: | :-,:'%—-r( ) - -4
394 _ 226
1980-1990: - $16.8 billion yr/ X - 3
10-0 f'(x)=-2x-6
Imports: , ,
1218 _ 495 N Instantaneous rates of change: f'(-3) =0, f'(1) =-8
1990 —2000: — ~ $72.3 billion y}f
20-10 f(x)=3x*3; [1,8]
Exports:
Average rate of change:
1990-2000: 182 = _ 388 billion yr/ L S L
39 ST —
20-10
X 8-1 7
Imports: ()
1560 _ 1218 fry =4x18
2000-2010: = $38.0 billion yr
Instantaneous rates of change: f'(1) =4, f'(8) =8
(f) Exports:
1056 - 782 - f(x) =x¥2;[1,4]
2000-2010: = $30.4 billion yr Average rate of change:
() 0 8-1
y -
Imports: o 4 =i . |
2268 — X 4-1 = 3
1980-2013: — — — ~ $61.3 billion yr
245 7
33-0 0) 312
Ex . f'x =2X
ports: /
1580 -
1980-2013: 10 ~ $41.0 billion yr Instantaneous rates of change: f'(1) = g f'(4)=3
f(t)=3t+5;[1 2] f(x)=xl;[1,5]
Average rate of change:
=3 Average rate of change:
y () 0 =
L2- f1 11-8
= T - 00 :—=
= f5-f1
t 2-1 1 y = 5
X 5- 1 3
f'(t) =3
() O 1
e , (%)
Instantaneous rates of change: f'1 =3,f'2 =3

h(x)=7-2x[1,3]

Average rate of change:
h- Q 0 =
h3 -—hil

3-1 2

Section2.3 Ratesof Change: Velocityand Margina l s

X2

Instantaneous rates of change:
f’ 1=—1,f’5=—-l
(@] () 25

1O.fx=\/1_ 01,9

97



T () ox[ ]
ht 2 Average rate of change:

Instantaneous rates of change: h(1) = -2, h(3) = -2 v f(9)-(f); _ S

h(x)=x® -4x+2;[-2,2] ,X i_l 8
Average rate of change: f (X ) ) _2{(32
hod2=h -2y 2.4

¢ e Instantaneous rates of change:
X = 2-(2, = 4 =-4 ppo.L oA
h(x)=2x-4 () 2 f(9)=54

Instantaneous rates of change: h'(-2) = -8, h’(2) =0
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flt)=t* -2t%;[-2-1]

Avserage r[ate gf ch,a[lngel: ~1-8
— b1 -1 -2 -
X = —1—(—2-) = 1 =-9
Q)
fre =4t3 -4t

Instantaneous rates of change:
f'(-2)=-24,1'(-1) =0

9 () =r -1 [-11]
Average rate of change:
gl-g =1 -

X =1- 47 = 2 =1
()
) 2
g'x =3x
()
Instantaneous rates of change:
g'-1=3,¢g'1=3
( ) 0 140(0)
18.(8)  Tg - ~-467

The number of visitors to the park is decreasing at
an average rate of 467 people per month from

September to December.

Answers will vary. Sample answer: [4, 11]
Both the instantaneous rate of change at t = 8 and the
average rate of change on [4, 11] are about zero.

14. (a) M _.800- 200 600

t 3-1 2

Answers will vary. Sample answer: [2, 5]
Both the instantaneous rate of change at t = 4 and

the average rate of change on [2, 5] is about zero.

s =-49t% +9t+76
Instantaneous:[v(t) =s'(t)=-98t+9

(a) Average: 0,1:

sl-s_0 80.1 -76

— - E— =4.1msec/

== =300 mg hr

(c) Average: [2,3]:

Sl 3 l— §(l]_ = 58.9 =
74.4 -15.5 m/sec
3-2 1

v(2) = '(2) = -10.6 m/sec

v(3) =5'(3) = - 20.4 m/sec
(d) Average: [3, 4]:

i(i];i@ =ﬁ = - 25.3 m/sec

58.9
4-3 1
v(3) =5'(3) =-20.4 m/sec
v(4) =5'(4) = - 30.2 m/sec
1 | [5
16. (a) H'(v) = 33100=v12 )
j | - 33 v
Y
(2 Lv
Rate of change of heat loss with respect to wind speed
(5
o " '(2)
= 33 -1
V2
83.673keal/m?hr
m/sec
83,673 kcal sech
83.673 kcal 1
— m3 3600
0.023 keal/ m?
| 5 |
H 'ﬁ'ﬂ = 33 -1]
NG
J
40.790 keal/ m? hr
m/sec
SeC
a0.700 K&l e
20790 K 6001
0.11 kcal/ ms
s =-49t% +170
s(3)-s(2)
(a) Average velocity = 52
125.9 - 150.4
1



0 =9msec

0 - 245 m/sec

/

vl =s'1 =-0.8msec

[ ]
(b) Average: 1,2:

s2-s1 74.4 -80.1 S
=_=_5-7méec

( 2-1 1 4.9t2

1) ’i) 0.8mg

vliy=s"1l =-0.8mgec

)0

V2 =52 =-106n/sec

= - 29.4 m/sec

=-49t2 +170=0

2 170

49
~ 5.89 seconds

v(5.89) ~ - 57.7 m/sec

v=s'(t) =-98tv(2) =-19.6 m/sec, v(3)

=170



Chapter2 Differentiati on

@) S(t) =—409t2 —55t+64
v(t) = s(t) =-9.8t-55
[ ]_8_2__51 33.4-536
(b) 1,2: B 271“ : ] /

v(1) = -15.3 m/sec v(2)
=-251 m/sec
Sets(t) = 0.
49t2 —55t+64=0
49t? —55t+640=0
- 55

—{—J)2

t="= "2 9
)

+ — —A=

() v(3.10) = —35.88 m/sec

C = 205,000 + 9800x

d_CdX = 9800

C =150,000 + 7 x°

d_CdX = 21x2

C =55,000 + 470 x — 0.25x% , 0 < x < 940
d—C= 470 — 0.5x
dx

22. ¢ =100(9+3 ¥)

—
N
—
I
x

R =50 x— 0.5x%

d—RZSO—X
dx

R =30 x — x2
d—Rdx=30—2x

R =—6x° +8x° +200x
d—Rdx =-18x% + 16 x + 200

R =2x(900 + 32x %)

R = 1800 x + 64 x> — 2x> R(x) =
1800 + 128x — 6x
R'(14) = $2416

Y_) _554+V128465

Section2.3 Ratesof Change: VelocityandMarginals

= —-98 ~ 3.10 sec

/
R =50(20x ¢ 2)
®R T o075
dx L 2
2 /
P=—-2x°+72x— 145
d

v

dx=-4x+72

P = — 0.25x% + 2000x — 1,250,000

d—de =—0.5x + 2000

P =0.0013x° + 12x
dP
0.0039x% +12

dx

3 2
P=-0.5x +30x —164.25x — 1000

d—de =—1.5x% + 60 X — 164.25

5

C =36 x +500

c(x)=18/ x~/
C'(9) = $0.60 per unit.

¢(10) - c(9) ~ $0.584

The answers are close.

99
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(b) R(15) —R(14) I ! I :

L
34,650 — 32,256 = $2394
The answers are close.
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P =-004x° +25x - 1500

d—de =-0.08x+25=P'(

x) P'(150) = $13
£ p(i51) - P(150) = 1362.96 -

(b) x 1350
= 151 - 150 1

=$12.96

The results are close.

P = 36,000 + 2048Xﬂ§_1)(2 1s0<xs275 92

2048| 1 X-uz\ |- 1 ~2x73)

a2 ) 8
_l024 1
NESES
(a) When x = 150, 4P s8361. (b) When x = 175,
dx
(d) When x = 225, g—s ~ $68.27. (e) When x = 250,

P =1.73t2 + 190.6t + 16,994
P(0) = 16,994 thousand people

P(3) = 17,581.37 thousand people
P(6) = 18,199.88 thousand people
P(9) = 18,849.53 thousand people
P(12) = 19,530.32 thousand people
P(15) = 20,242.25 thousand people
P(18) = 20,985.32 thousand people

P(21) = 21,759.53 thousand people
The population is increasing from 1990 to 2011.

dP

=—dt =P'(t) = 3.46t + 190.6

dp :
d represents the population growth rate.
t

P’(0) = 190.6 thousand people per year
P’(3) = 200.98 thousand people per year
P’(6) = 211.36 thousand people per year
P’(9) = 221.74 thousand people per year
P’(12) = 232.12 thousand people per year
P’(15) = 242.5 thousand people per year
P’(18) = 252.88 thousand people per year

P’(21) = 263.26 thousand people per year
The rate of growth is increasing.

Section2.3 Ratesof Change: VelocityandMarginal s

= =$77.41. (c) When x =200, de ~ $72.41.
dx
dp
~ $64.76. (f) When x = 275, x> $61.75.
(a) 103
0 15
98
(b) Fort <4, the slopes are positive, and the fever is
increasing. Fort > 4, the slopes are negative, and
the fever is decreasing.

T (0) = 100.4°F T
'(4) =101°F T
(8) =100.4°F T
(12) =98.6°F

d—Tdt = -0.075t + 0.3; the rate of change of

temperature with respect to time
T'(0) = 0.3°F perhour T

'(4) = 0°F per hour T

’(8) = -0.3°F per hour T

(12) = -0.6°F per hour

For 0 <t < 4, the rate of change of the temperature
is positive; therefore, the temperature is increasing.
For 4 < t <12, the rate of change of the temperature
is decreasing; therefore, the temperature is
decreasing back to a normal temperature of 98.6°F.
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@ TR =-10Q? +160Q (a) (400, 1.75), (500, 1.50)
, 150=-175
(TR) = MR = —20Q +160 Slope = o aop 0%
©q 0 |2 |4 |6 |8 | 10 ~ 1.75 = 0.0025(x — 400)
Model | 160 | 120 [80 |40 [0 | —40 p =-0.0025x +2.75
Table |- | 130 [90 |50 |10 | —30 P=R-C=xp-c
x(~0.0025x + 2.75) — (0.1x + 25)
@ R = xp = x(5-0.001x) = 5x — 0.001x 0.0025¢ + 2.65x 25
P=R-C =(5x—0.001x? ) - (35 + 1.5x) ®)
~0.001x? +3.5x—35
d—:5—0.002xdx
dP _ 3.5 0.002 x 3 1200
dx
X 600 | 1200 | 1800| 2400 | 3000 At x =300, P has a positive slope.
dr/dx |38 26 1.4 0.2 10 At x =530, P has a 0 slope.
ap/dx | 23 11 01l —13| =25 At x =700, P has a negative slope.
P 1705 | 2725 | 3025| 2605| 1465 P'(x) = ~0.005x +2.65

P'(300) = $1.15 per unit
P(530) = $0 per unit
P'(700) = -$.85 per unit

(36,000, 30), (32,000, 35)
35-30 5 1

Slope = 32,000 — 36,000 =— 4000 =800
1

~-30=-800 (x—36,000)

1
=-800 x+ 75 (demand function)

@@ P=R-C .. (—1x+75‘\f(5x+700,000):7 —L 47470 x— 700,000

L 800 ) 800
(b) 40Q.000

At x = 18,000, P has a positive slope.
At x =28,000, P has a 0 slope.
At x =36,000, P has a negative slope.

o 50,000
0

P,(x):f4oolx+70

P'(18,000) = $25 per ticket
P'(28,000) = $0 per ticket
P'(36,000) = — $20 per ticket
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:(&LOI@R(_¥ \u(o.7o dollarl\

41. () C(x)
U yr Axkm A 1L )
o(x) =1L.500 dollars
X yr
dollars
dcC 17,500 yr
b)) = =
L
The marginal cost is the change of savings for a 1-kilometer per liter increase in fuel efficiency.
©——— — T T
—~x—— | 10 15 20 25 30 35 40
C 1750 | 1166.67 | 875 700 583.33 | 500 437.5

i dC/dX -175 —77.78 —43.75 —28 | —19.44 —-14.29 —-10.94

The driver who gets 15 kilometers per liter would benefit more than the driver who gets 35 kilometers per
liter. The value of dC /dx is a greater savings for x = 15 than for x = 35.
@@ f ’(0.789) is the rate of change of the number of liters of gasoline sold when the price is $0.789 liter.

In general, it should be negative. Demand tends to decrease as price increases. Answers will vary.
_ 16,576.66 — 10,786.85

43. (a) Average rate of change from 2000 to 2013; —& ~ $445.37 yr
t 13-0
0 13.264.82 —10.453.92
(b) Average rate of change from 2003 to 2007: = : =~ $702.73 yr
So, the instantaneous rate of change for 2005 is p’ 5~ $702.73 yr.
(c) Average rate of change from 2004 to 2006: — = 12,6315 1078301 $840.07 ¥

t ) 6—4
So, the instantaneous rate of change for 2005 is p’ 5~ $840.07 /yr.

(d) The average rate of change from 2004 to 2006 is a better estimate because the data is closer to the years in question.

44. Answers will vary. Sample answer:

The rate of growth in the lag phase is relatively slow when compared with the rapid growth in the acceleration phase.
The population grows slower in the deceleration phase, and there is no growth at equilibrium. These changes could

102

—he explained by food supply or seasonal growth
Section 2.4 The Product and Quotient Rules

Skills Warm Up

1 (@ +1)(@) + (2x+7)(2) =2¢@ +2+4¢ +14x
6%° +14x+2
2(32 +7x+1)
2. (2x -x3 )(8x) + (4x2 )(2 —3x2 ) =16x° —8x* +8x* —12x*

24x% — 20 x*
a2 (5 542)
\ 7

x(@)(xe +2) 3 (20 + ( +4)(1)) =8 (x2 +2) 3 (x +4)
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Skills Warm Up —continued—

X2 (2)(2x+1)(2) + (2x+ 1)4 (2x) = 452 (2x+1) +2x(2x+ 1)4

2x(2x + 1) L2x+(2x+1)3 ]
(2x+7)(5)-(5x+6)(2)= 10x+35- 10x - 12

5. (2x + 7)? (2x + 7)?
——23
= (2X+7)2
L"_'z;-_)(“;l—._(“_tx_)@i):zx +X -8x-4-2x -2X
(XZ ‘4)2 (x2 —4) 2
ﬁ
4
(x2 —4)2
7£ )-O-( )( )=2x +2-4x -2
KZ1e12-2x_ +12x 2 )
- = l J
x2 +1, X2+12
=% -2X42
I G R
) £X2+121
=2xF+ x=.1
¢ )
X +1,
1_—-4 4)-_ (4_)( -_11-_4.x3 l'i—4l_+lGX_;_x
- =T -7 . = Tyt =
1—XA2 1- X4 2

9. (x1 +x)(@ + (2x-3)(-x2 +1) =21 +2x+ (-2¢1 +2x+3x - 3)
4x+3x2 -3

3
AX+X 2 -3

4= 3xE+3

Ao (-(x-4)x2 (1 =x

_—x_+4x_\(x
] )

10. ( ) 2 =] -1 2 || 2|
1-2x +X X
1- \ JU )

W2 oy

2_2x+1

X 2x+4
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Skills Warm Up —continued—

1. 1(x)=3¢ -x+4 13, 1(x) = == B
"x =6x-1 % 7
(
)
() 5( ) f’(x):—fx‘z 2
2 = -1 7 7x 2
£12-1 ——
) =- _*
=11 9 7(2)?
12, f(x)=-x +x* +8 =_'l
; ' ) 14
' X =-3x° +2x+8 .
f’(2)=—3(2?)+2(2)+8 14. f(x)zx2 - ¥
=-34 +4 +8 _‘
=0 f/(x)=2x+ ¥
£'(2) =2(2) +.-*
D
=4+ —2
8
44 2
=4+ 7
A
i

5. f(x) =x(x2+3)

1) =ty )G )

(
) " ( QX'HJ’[M) ( ) £(x) =x(2%) + x ( © 43 )(1)
=-10x+15+2-10x =2x° +x% +3
=-20x+17 2 aa
( ) ( ) ) 6 f0=n (30 - 1) X
2.9 x =4x-7 3x+1
) 0« )0) f/(x)=x 9% +3x -1(2x)
g'x = 4x-73 + 3x+ 14 ( )
=12x- 21+12x+4 (
= 24x-17 =ox* +6x* -2x
( ) =15x* -2x
3.F(x) = 6x-x (4+3x) .
(2 )
f'(x) = [6x—x2 (3)+ (4+3x)(6-2x) 7.h()=]" =3[ (+7) = (2x -3)(x +7)
)
= 18x - 3x% +24 - 8x + 18X - 6 X° h'(x) = 2x- _3(2;()+ lx2+7 M_zx-z J
— 2
=X+ 2Bcr2d =4-6x-2-14x2
4. 1(x) = (5x-x ) (2x+9) = BX+2- %
( ) ( ) X
5x -y (2)+(2x+9)5 - 3% (4 )
2
=10x-2x3 +10-6 X3 +45 - 27 x2 8.f(XJ=(3-X)|k—--5|) - (3-0(4x " -5)
=-8x3 -27x% +20x+45 ,

/()= (3-x)(-8x3) + (ax2 -5)(-1)

=-24x2% +8x 2 -4x 2 +5



Chapter2 Differentiati on



Section2.4The Product and Quotient Rules 105
_t+6,2
9 (%) =(x -4x+3)(x-2) Q="
g’(x)=(Xz—4x+3)(1)+(x—2)(2x_4) O ‘ 10
X2 —4x+3+2x% —4x-4x+8 ()
t2 -8 1-t+6 2t
(t* -5)°
3% - 12x+ 11 2 _gio o2 2 1ot
t: -8
g(x)=(x -2x+1)(x -1) [t -8)
2
"(x)=(x -2x+1)(3 -1)(2x-2
0= b -za)(ae) « (- 1)(x-2) -t2 - 12t - 8
-6 +3x% +2xt - 2x% - 2x+2 —-( ; ;)2 8
t -
5 —8x3 +3x% —2x+2 9(x) =
4x -5
Az_l 3
11. h(x) = — = ; X -1 (4)- (4x-5)(2x)
X=5 )1 ()= x-57x 5 )
O 7 rE (e -2)?
T (" T ) 2 4 gl
Xx=-5 X -5, =—- x -5, Ax—= 4 - 8x=+ 10X
(< -
12. h[x):-ﬁ_ - =48 +10x-4
W 0 2
( )0 Z— (2 )
X+3 2x =xX°1 "
(X+32
h = ) f(x)=xzi§X152x
_2x2+6x—x2 1
T x+3, 2x 1 2x 6 x, 6x 5 2
( ) f'(x)=( =2 Q- =+ =+
_ x2X0X (2)(_1)2
- 2
X+3 4% —+12¥%—2%—6-2 - 1Zx =10
( %
2 , (2x - 1)?
= 2x -—2x-1
gt = &= 2x  =2x=16
3.0 3t+1 (2x-1)
f't =L§I+l](ﬂ)_ 2_2___)§ 4x2=x*t2
§ f(x)= 3-
I—— _-( ( ] 4x
@) (3 +1)2
82* +4t - 6t* % 3 4x 8 1 4x, x 2 _ 4
(te1)? P0)=C aC 3= = e
6t* +4t+9 = ( 2 2
£3—4x)
(3t+1)2 24X - 3-32x +4x+16x - 4x+8
(3-4x)?
7Xx+3 = -16X +24x+5

f(x)= ;



4x -9

f'(x)=0@x=9@-_(7x+
3)(4)

4x-9
28x - GZg - 28x —)
12

(x-1)?
= 75
(4x - 9)2

2

(3 —4x)2
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1 )
6+2 -
19. f(X) =_+_X ) 20. f(X)= 5-x
3x-1 , +2"
( ) 1(1 frx= X+2 ) ( l[—l
3 -1 -2x0 - g+2x=t X+ 2 2= - 5-x,1
3— -
f(X) = [3)(71 )2 () X+ 2
—6x= 20 2 186 —2x7% vax"® - Bix=2
= 2
T 1) (x+2) 2
Xt = 1% —— 4y=2 -+ 3x=2 -5
A
- () (= 2
4 3
2 12 ==, 7
= -==-18  2_12x- 18y XX o0
Bt o (x +2)7
_ ;2x—5x3—
-t T
X~ X+ 2 2
Function Rewrite Differentiate Simplify
—_— () ()
X3+ 6 X 1
t(x) = 3 f(x)==3x% +2x f'x =x2+2 Py =x2 +2
f(X):XSi&Z_ -
1 3 1 ) 3 2 3 2
10 —1¢( .
f(x)=10 x* + 5x £/(x)=10%% + 5x f(x).= 10%° +5x
7x2 7
2y =5 - -
5 ¥
= 7. 14
4 y = 2X r_
sy == 2 5 y'=" 5x
"9 y= 9x'y 2 3 8 3
y =g & y'= 9x
A ; 7
_ 23 =t3x-3 ,
25y = ¥ 3 y'=-Tx" y=-x 4
26y = 2 2 ! ]
5x =5x" y’:—5—X3
ﬂz__ X y :—5X
21y = 8./x 32 21 S 3 ' _2\/— -
X y =2"X 87x y' = - T x y = X- Fa
, ’ 4 16 4 16 x
2 +2X ,X#0
28.y = 5.[& — /
1= 25523 4 1pxa3 25 10
o y = &X 10X13, x=0 b=
6% x 5 : 6 ) y . * 9\3/;
y= 28 o
xe—4X+3 _
29y =551 X3, x %0 11,x#1 1
[ ) , - y = Q,Xil
A 1 y' =2()
Xow —_
Ny =2

30.y = 4x+2 ( )
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= (xy=1 1
-3),x# 1,x# y'= 4,x#-2
1y -2 .

4
=l4[x g
-2),x#

-2

31 £(x) = (x - 3x)(4x+3) + (3 -3) (2% +3x+
5) =ax* +3¢ - 12x% - 9x+6x* + 9C +9x% - - 15

10x* + 12x3 - 3x® - 18x - 15
Product Rule and Simple Power Rule



32. h(t) = (ts -1)(8t-7) + (5ts ) (at2 - 7t-3)

=8t% - 7t° -8t+7+20t% - 35t5 - 15¢%

28t6 - 42t5-15t%-8t+7
Product Rule and Simple Power Rule

h(t)=1 (6t-4)
-3
h(t)=13(6)=2
Constant Multiple and Simple Power Rules

f(x)=1(3x-9)
f'(x)=2

L (3)=2
Constant Multiple and Simple Power Rules

20
o (-2 =x-5x#-4

Xx-5 x+4

37.1(x) = 2
(x+4)

_X_
(] X+ 4
f'x =1

Simple Power Rule

sn()- 2l LA gy

t2 + t+ 3t+11+7
() t+7 t +7
ht=3t+-7
Simple Power Rule
0 ¢ )e I )
30 gt=2° -1 =2t3-12%-1

o'()=(2ts -1)(6t2) + (2ts - 1) (6t2)
12t2 (2ts - 1)

Product Rule and Simple Power Rule

40. £(x) = (4 -2x-3)% = (& -2x-3) (¢ -2x-3)

The Product and Quotien t Rules

Section2.4
, 107
flx=( )( )
X2-13x '+3 - =+3x+2 T7x)
B() "x 7

(e -1
=3x4—3—2x4 -6x% - 4x

S o fgegee —
x* -6x> —4x-3

(e -1)7

Quotient Rule and Simple Power Rule

'()_(3;5 3X2;_X1;_[2X3_—4X2; l|3X

£X3 - 5)
8x* — 15x% +40x - 6x° +12x4

Q(s _5)?

- 3x° +4x* - 42x% + 40x
(¢ -5)2

Quotient Rule and Simple Power Rule

A - - 27x2

£/(x) = (4% - 2x-3)(12% -2) + (4% - 2x-3)(12% -2)
48x5 - 24x3 -36x% - 8x3 +4x+6+48x° —-24x3 - 36x% - 8x3 +4Xx+6

96 x° - 48x% - 72x% - 16x% +8x + 12

Product Rule and Simple Power Rule
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i o(s) mi25%5 s <2545 £(x) = (x+4)(2x+9)(x-3)
I
NA ——— (2 +17x+36)(x - 3)
2 - 2-2s45 )1
I /(%) = (2 +17x+36) (1) + (x-3)(4x+17)
() ==
= e s
s
7—
2532 2612 _ 1532 4 5}2 55 (2¢ +17x+36) + (4x% +5x - 51)
SR R 7
s 6x2 +22x - 15
3 FERRSY 5 42 3% -25-5 Product Rule and Simple Power Rule
- ——
=2 5 73 T2 T 2882 f(x) = (3xs +4x)(x-5)(x+1)
otient Rule and Simple Power Rule
Quotient Rule and Siraple Power R (3% +4x)(x - 4x-5)
fx =X—3_-'_'—XZ_—_§X= LG;J—;( e f’(x)=(3x3 +4x)(2x—4)+(x2 —4x—5)(9x2 +4)
42 \/_x Xi2
. 75?2 (6x* -12x3 + 82 -16%)
5 15 +(9x -36% -41x - 16 x - 20)
/
f'(x) =2x /32— 2.x12—3x—12 4 3 2
5 32 15 1> 3
7 =/
=xo-ox - 15x* - 48x - 33x? - 32x - 20
Product Rule and Simple Power Rule
2 2 Xv2
2yt~ lax -8 £(x) = (5¢+ 2) (ke +)
(2 )
Constant Multiple and Simple Power Rules f'(x) =(5x+2)(2x+1)+ x* +x (5
1k = (x DL VIT REPVE S =10x°+ 9x+ 2+ 5 +5x
E— — ——— — — 10
4x + 2 4X + 2 =15x2 + 14 X + 2
m= f'-1=3 _
. | 5
£x =_[‘4X+2‘]_[‘6X— 5_h%——5x— )(4] -5
@ — (x- -1)
(@] ( ) -0=
4x+272 0=3 (
24x2— 8x - 10 - 12x%—+20x + 8 y =3x+3 "
(4x+2)?
12x% +12x =
2 48. 1(x) = (e -1)(x-3x)
4(2x +1)?
2(6x? +6x - £/(x) = (e - 1) (8x2 -3) + (x2 - 3x) (2x)
1) 2(2x +1)? o a2 4 _p2
X£+6X—l =3X" -6X° +3+2X" -6X

—cy4 2
2(2X + 1)2 =5x" -12x° +3
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Quotient Rule and Simple Power Rule m= f(—2] =5_2( ) 12(_2
L*‘ X — 2x, —5x-7 _(_6)=35(X_(_2))
44, 1(x) =L )77) E — y+6=35x+70
= y =35x + 64
2X+1 2x+1
'x = (2x+1)(4x-5) —(%x—sx—?][Zl
T ) - 2
() 2x +1 . | .
8x2— 6x - 5- 4x2—+ 10x + 14 )
(2x+ 1)2
4x> +4x+9 (afj
(2x + 1)? y

Quotient Rule and Simple Power Rule

)

+3=35
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f(x)=x3(x2—4) 50. f(x = x x-3 =Xz x-3
oyt
() =x (2 + (e D0x) RN AL L
/
f'x =Xz 1+ x-3 -12
/
2x* +3x* - 12% 1, L1o3%
4 2 Yy =X + 2X12 — 2X-12
5x* - 12x \ 3, &
h ooxl? oy
=f'(1)=-7 | Y o2 2)/(12 e
-(-3)=-7(x-1)y -3 3 12 3 -12 91
= _( ) m= f (9=2(9) -200)  =22=4
=-7Xx+4 . y—18=4(X—9)
y =4x-18
10
9, 18)¢"
20
3x-2
f(x)=f 1
)0 ( )() =3x+3-3x+2 = 5
x+ 13- 3x=2 1
'(x)= 3
X+ 1 x +1 X+ 1,
, 1
(@)=
1 4
y-2=
5(x-4) “r
1 4
y-2==x- " -2 10
5 5
y_lx+ 6
5 5 o
' () 1 -3
x-12 - 2x+1 - 53. f(x) = (3x= 2 )6x+5 ) =18x »+3x- 10
52. f(x) = (x—l 2 =x-1, 2x-3 2x-3
() ) )
f'2 =-3 f/(x) = (2x = 3)(36x+3) -(18:* +3x- 10)(2)
2
-5=-3(x-2)y (2x-3)
2 _ _ _ 2 _ _
=-3x+11 72X %iﬂx_g_ - 6x-20
(2x - 3)?
> 36x2-— 108x + 11
l\ (2x - 3)?

.‘2, 5)

\

=f'(_1) =36(-1)2 - 108(-1)+11=31

(2(-1) - 3)®
y- () =8,_ () .
y =ﬂx+ 26 /
ma “7/\\
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& 12x% +6X2 - 24X+ 2x— 8- x5 - 3x% = 2x
(x-4)°

£ =92 - 24x-8

\

s (1,-2)

X- 12 x -1

0 )
f'(x) =0when x> -2x =x(x-2) =0, which
impliesthat x =0or x =2. Thus, the horizontal

) « )
tangent lines occurat 0,0 and 2,4

() [) 2x
Lalla= 2oy
56. f'(x) = ( = )
K (2 2
X+ 1 Xl

f'('x) = 0 when 2x = 0, which implies that x = 0.
Thus, the horizontal tangent line occurs

at (0, 0).
X +1y 4x =X 3x
57.[ ) l—._l[_]—[—l _X‘+4X
3 3 .2 6 3

(X3 + 1)2 (X3 + 1)2
t(x) =0when x& +4x3 =3 (x¢ +4) =0, which

impliesthat x=0o0rx = ./-4. Thus, the horizontal

tangent lines occur at (0, 0) and ( V-4, —2.117).

4

59. f(x)=x(x+1)=x +x

2

f'(x)=2x+1

6

A

4

=X X+ 1 =X3+)(2
(

2

Fxy )

f''x =3Xx + 2x=

3
fr

X3X+2

f

-2 ; _ 2

11
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()=X -X £,
frx =3x% -1

(29 (o + 1) (r ¢ o) .

62.f(x =x2 x+1 x -1 =x* —x

2xLx £3)[ x = : 3 o :
frox =4x° - 2x= 2x 2x° -1

1_1 (XZ + 1) 2 3
/(%) =0when 2 x(x? +3)(5® - 1) = 0, which roo
implies that x = 0 or x = £1. Thus, the horizontal

tangent lines occur at (0, 3), (1, 2), and (-1, 2). - - 2




( 3p )

63. x =275{1- 5p+1 |
50t
[5p+13- (3p 5 ] I

—
I

275 275~
dp5p:+1_ ‘ I 5p+1
p =4,

dx
When .
dp

per dollar.

" ta:T0)= (7R

64. dp =0 -1 - (p+1)?

(

™~

When p=3, -
d|
per dollar.

sl L T 0 -

65. P’ 50

— 1

200 - 4t °
)(’ )_ (4ty2t =50 | |

| \ 2 2|

lso+t) J

whent  =2,P'=  s0q ~ 3155 bactgria hour.

level of oxygen in the pond is changing at that particular
time.

4% +16t+75
68. T =10l —_—

\ t2+ 4t +10)
Initial temperature: T (0) = 75°F

7'(t) - -

Section2.4 The

Product and Quotien t Rules 111
dP ( )0 ( ()
50t +21 -t+1750 50
66.dt = L (e
-+
= 2
2500(t +
2)
-1748
- 50(t +2)
——=S84_
=25t +22
)
dP -874

() Whent =1, df = 225 ~-3.88 percent day.

a - 874
3
6
0 /
(b) Whent =10,dt .0
_ 437
1800
~ -0.24 percent  day.
-t +1 ,
67.P=1 m y
te+1
m — . — ) -2_
P = (t2 +1)? =(t2+1)2
()
/
P’ 05

(b) P (2)=0.120 welek
( )
(c) P" 8 =0.015 yveek



((2+4t+10 )(Bt+16 1= (At> + 16t+ 75)2t +4)]
2
2

=10 L h | =%
\ (1 +a4t +10) ) ¢ +4t +10)

il 00(t+

T'(1) - 9.33°F hr
T'(3) ~-3.64°F hr
T'(5) = -1.62°F/hr




T/(10) ~ - 0.37°F hr/

Each rate in parts (a), (b), (c), and (d) is the rate at which the temperature of the food in the refrigerator
is changing at that particular time.
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C=x3-15x>+87x-73,4<x<9
dcC

Marginal cost:  dx = 3x% - 30x + 87
c 13
Average cost: = - 15x + 87 -

@ o

\ dc

X

ol

4 9
0

(b) Point of intersection:

73
3° -30x+87=x" -15x+87-
73
2x%2 -15x+ =0
X
2x3 -15x2 +73=0
X ~6.683
When x=6683, & = 9C »2050.
X dx

Thus, the point of intersection is (6.683, 20.50).
At this point average cost is at a minimum.

(a) As time passes, the percent of people aware of the
product approaches approximately 95%.

As time passes, the rate of change of the percent
of people aware of the product approaches zero.

(200 x )
- .+ ox =21
71. C =100| L x .+ 30\)
F x+30 )= X —|
C' =100 |-2200 -3y 4 [
( " _). (X +30 o |
[ 400 30
100
= |_ + ) |
3
| x x +30 2l
. (400 _30)
@ c 10’ =100- ; - -38.125
| 10° 40
\
(b)
C'15 =~-10.37

©) C’(20 ~-38

)

@ P =ax’ +bx+c
When x =10,P =50:50=100a+ 10b +c.

When x =12,P=60: 60 =144a+ 12b +c.

When x =14,P = 65: 65 =196a + 14b +c.

=—8§,b=E4,andc=—75.

8
Thus, P=- 2x2 + 15, x - 75,

80

20

5 7%

Marginal profit: P'= - 4x+ 4=0= x=15This

is the maximum point on the graph of P, so
selling 15 units will maximize the profit.

f(x)=29(x)+h(x)
t'(x)=2g'(x) +h'(x)

f'(2)=2(-2) +4=0

t()=3-g(x
f'(x)=-9¢'(x)
f'(2)=-(-2) =2

f(x) =g(x)h(x)
(=9 (IN(x) +h(x) g'(x)
(=9 (N2 +n(2) 9'(2)
=(3)(4)+(-1(-2)

=14




Increasing the order size reduces the cost per item. .
An order size of 2000 should be chosen since the ) ()
cost per item is the smallest at x = 20. Answers will vary.
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Chapter 2 Quiz Yourself

1. f(x)=5x+3 2. f(x)=¥+3
F'0 = tim 1l 4y —§ 00 f'(x) = lim f(xxx) —f(x)
X%OL( )X J ( ) Xx—0 X
- [5x_+x_+3] - _5x+ 3 oA XA X+3x+3
= lim &= T_ — = lim X B
x=0 x—=0 | a—
. bx+5 x+3-5x-3 . _—_—_;.L
= lim = = lim
(x+ X+3- x+3 )
X—0 X X=0 X + +
5_X N
= lim -~ = lim -1 —
X0 xo0 X+ X+3+ X+3
= lim 5=5 1 N
x—0 =
At( -2,-7:m=5 2Vx + 3
) At 1,2:m= L _ L
) 2 1+3 4
f(x)=3x-x
frx. = tim Hxexd o 1
) X
( -
” °‘r( 50 ) )
= lim BX+ x - _x+x,l - 3= %
o —- = -
_ lim 3x#3 _x—_1l+2x( X]+(-A)-_;3X_-X—.]
2 X 20 - 2
x—=0 [ ]
_lim 3x+3 ‘_x—xz-'_—_2_x[ x) = [ x|2‘—_3x+_x2—
= x-0 — —
lim 3x-2x( x) -( x)?
= x-0
= x-0 ( X )
lm x3-2x- _x
lim X
= xao( )
[ ) 3-2x ) =3-2X
At 4, -4:m=3- 24 =3-8=-5
4. f(x)=12 8. f(x)=4x?
£1(x) =0 (), = 8
f'x =-8x

5 f(x) =19x+9
f'(x) =19

9. f(x)=10x"° +x73

/ —

6. F(x)=x* -3 -5¢ +8



f'x =4 -9x% -10x f'(x):—Zx—65—3x—4 =— X-65 — x*
f(x)=12xV*

f/(x) =3x¥ = x§34
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2X+3
0.1(x0= 375
3x+_2]_(2_]_—!2x+3
3
1(x) = W42,

( )

6x+4-6x-9

11,f(X)= X2 +1(—2X +4)

( )
() = x* +1(-2) + (-2x + 4)(2x)

-6x° +8x-2

(%) = (6@ +3x+4)(5x-2)

f'(x) = (Xz +3X+4)(5) +(5x-2)(2x + 3)

5x2 +15x+ 20 + 10 X2 + 11X - 6

15x% +26x + 14

4x2—+ 12 - 8x2
(¢ +3)?
- 4% +12

(< +9)°
a(¥? -3)
(Xz + 3) 2

f(x)=x% -3x+1;[0,3]
Average rate of change:  _ 4
v f_£§1— f (O 1 -

f(x)=’51x;[—5,—2]

Average rate of change:

il (1)
o - -
— () Q )
Y _ f_2_ 5 36\15) )
f’x) =-—1
( 3x?

Instantaneous rates of change:

f'(-2)=-1, f'(-5)=-1

12 75

17. () [ ]
x=3x\/§,27

Average rate of change:
-f
L - L) pm8y-322 -1
X 27-8 19 19
f(x)= vx =x
3

18

() 3 3?3

1
Instantaneous rates of change: f'(8) = T2,

P =-0.0125x% + 16 x - 600
d—de = -0.025x + 16
dP

When x =175, dx,=_$11.625.

P(176) - P(175) = 1828.8 - 1817.1875
$11.6125
The results are approximately equal.



=0 f(x) =5¢

+6x-1
()
),(() 3-0 3 f'x =10x+6
f'x =2x-3 At (-1,-2),m=-4.
Instantaneous rates of change: f’(0) = -3, f'(3) =3 v2=-4(x+1)y
=-4x-6
f(x)=23 +x3 -x+4;[-1,1]
2
Average rate of change:
y=fm_-r -

1= (1)



(-1,-2)

() -4

f’x =6x2+2x -1
C ) Q0

Instantaneous rates of change: f' -1 =3, f'1 =7
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21 t(0)= (2 +1)(4x-3)

20. f(x) =~ =gx?2
e G )
/ o 12 1 ()= @ +1(4)+(@x 39
£(x) = -12x x5z = x2Vx =42 +4+8d - X
12 3 102
' =12x- -6x+4
m=f'(4)=- =-
(4) 7
b4 8 m=f'1=1212  -61 4.0
3 0O 0O 0
= 5 -2=10(x-1)y 10
y-1=-8(x-4) \
y-1=- 3 x+3 .. ' =10x-8 2]
8 2 T L\Q)_ 5 7 5
5 = et
y =- =X+ = -1 8
8 2 1 ~10
(=214,
- 3x
= 22
t() =2=30(8) - (xe4)(-3) _10-15¢+15¢+12
2
(2 - 3x)° (2-3x)? (2-34)
m=f'1=_.22___ =22 :
( 0) ]J 8
2-31 , [ e
- (-9)=22(x-1) !y
y+9=22x-22 I
=22x-31 15
S =-0.01722t3 +0.7333t 2 — 7.657t + 45.47, 7<t <13
ds ’ 2
dt =S’(t) =-0.051666t * + 1.4666t - 7.657
2008: S '(8) ~ $0.77/ yr
J2011: S "(11) ~ $2.22/'yr i
2012: 5 '(12) ~ $2.50/ yr -
/
—_ - —_ !
Section 2.5 - The Chain Rule
Skills Warm Up /
T T C )25 X 13
1. 1-5x  =1-5%x R G 12 ( -
( ) ) 31— 2x
3-7x 32
2.42%x =13 = 2x-1
¢ ’ ° ( )._ 3-7x
6 T = 72X 1 3-7X 32
) )
S -12 2X 2X (
3. #¢+1 = (4x +1) 7.3 - 6% +5x-10= 3¢ ( X-2+5x-2
:(3X ) »s)(x—[m )

= (2x3 + 9)
1 -16

4. 6 3




2Xx +9



Chapter2 Differentiation

8. SX\[—X—S xﬁzx(S x—\i]—l(S X -
= (x-1)(5/x-1)

2 2 3 2 2

9. 4(x +21) “x(x +1)=(x +1) LDE -x(x +1) N1

5 3 2 3 2 2 _g

10. -X +6X +7x -42=-x X -6 +7X

( ) ( )

=(-x +7)(x2-6)
== (6 -7) (e -6)

vt lo L) fahY () P Vi
b ('L!JLAJ)J U =Y TA) y—\(o)\ —4)\)/
1y= 6x -5 U =6x-5 y=ud Y= J(SX—ZX) (20x—2)
2 3 3 , (2\ -y3
2 y=(x —2x+3) u=x°-2x+3 y=uU -2X [2]10x -
3< : , :
3y =GK-2 u =5x-2 y=Vu y' {é&) doaxn) (1 '-1)
4.y = -2 U=9—X2 y=\/U 4110X_3-__l)_ - 8
r= - ="t40x -4
y N/
5.y = 3x+171 u=3x+1 y=Uus ( )

~

—
=
<
N

6)/:()(2 3)_12 u=x*-3 y =
7 (4x + 7)?
y —24%x+7 14]
y -84%x+7
32x + 56
y =(3x2 —2)3

y=3(3% -2)2(6%)

y' = 18x(3% - 2)

y = 3¥x2 = 3—X2)1/2
1

= /

y=2 (3-x)?*?(-2)

2-12 X

=—x(3—x) =_(3—x2]1/2
10. y -4\/_bx_+5—46x+5{4

y'
y'

, (1\ -?4
y = +5 )
k4)
y’=66X+5 s = 6—)—
( ) BX + B,

35x 4 -2x13 3% 5x% —2x

y=(xs+2%)"!
y = (1) (xs +2x2 )2 (3x2 +4x)
y'=- 3P+ dx

(s + 2% )?

f(x)= 1——2x3 =2(1-x%)-% (c) General Power Rule

7 g

—0 . =71-x"
( )

f (x) =3/8?; (b) Constant Rule

f(x) =3 =x

14. f(x) = . (c) General Power Rule

; (8) Simple Power Rule

X2 49
~; (d) Quotient Rule

X3+ 4x% -6

18. f(X) =_'X-}'2
X3+ 2x-5

y =3(2x-7)%(2) =6(2x- 7)?

; (d) Quotient Rule

y =(3-59°
y'=4(3-5x)%(-5)=-20(3-5x) 3

W(x)=2(6x-x)(6-3x ) =6x(6-x)(2-x)
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fx=2x _gx /" —1 -72
2. () | ) )
(4) . . 29 /

H(x) = i
f'x = v - ox" 6x -6 / -(x +11)
0 Lf 0 ) Ce +11)

e T -1 TN i)z 2g
0 \3)‘( ) ()( ) ) 2() )
f’(X]=8(2X3—6X)13/(X2—1) f'x =-7xxX° + 11,

0) () /

7x‘ 7X

23f t =/t + = t+1 12 f’(X):— ) ?2 J— (. . )g
(x2 +11) V ox? +11

f't =dt+1 121 =

/
O 20 H» 0 2't1+1 y =(4—X3)‘43
e/ A = _ a2 /
g (x)=8/~3x = (5-3x) N L e
¢(x) = 1(6-371%(-3) = - ——2— y=om e ) x ) = (0 )78
2 2./5 - 3X ( ) (34—);

31.1(x) = 23) x® -12(2x) =12xx% - 1,

25.s(f) =v/2t2 +5t+2 = (2t +5t+2)"2

S’t=12t_z+5t+2 4t+5 = AT+ 5

£'(2) =24(3.) =216

12 200
f(2) =54 '
() ( ( ) l (2, 54)
: 0 ) 2/2t" +5t+2 y-54=216(x- 2) °
26. y =9%/4x? +3=9 4x? +31/3 y =216 x-378
/
1

y’=9( Ax2+3723 g«

\ - 400
e ) )
)

\3)
{ 32.1'(x) =12(9x-4)3(9) = 108(9x - 4)*
y'= 24x4x 2437
__24x (O (H0
f'2 = 1214 5 9 =296,352
73

= (4% +3 ()0
y ( ) f2 =314 ,=115248

f(x)=2(2-9)"2
4 54

(x) =2(-3)(2- 9) (-9) = (2-9%)*

- 115,248 = 296,352( x - 2)
y = 296,352x - 477,456

200,000



! (2, 115,248)

28.9(x) =(7x +(6x) 5 =3)(7X2 +6x)

g(x) = 3(-5) 7x2+ 6x ~°(14x +6)

() )¢ )
"x =-157x+ 6X  14x +6 33. f(x) =Vax® -7 =(4X2—7)/12

gx ==
() =240 -7)42 (8) =—2

(1=-  (+6x)
g’ x 1514x+6
6 2 a2 -7
(7x2 8
f’z ——
)
( 3 10
f(2)=3
s
y-3= 3(x-2) - @3
y :—8X—l
3 3 _a
1




Chapte r 2 Differentiati on

34, f(x)=x~ xt +5 =x(x2+5)12 3. f'x = 2 — s
1 Y
f'x =x lys45%2x +x+5 {21 () 2x x+1s
0 f’is never 0.
O ¢ Jo O T
L2 ] 1
X2 (Xz +5) vz, (Xz +5)1/2 »
(s +8) V2{Txz + (x +5)] — :
¥ +1
2% +5 — =
N (0= 2 xeg [
1 _ gt
fr0 _13 . " is never 0. N7
() 3
f(2)=6 L
y-6=x-2 : 2-5¢ ]
s ( ) 1 40. 1(x) = 2 X
y =18y K .
— h 2 has a horizontal tangent
3 3 when f'=0.
., /
/




Chapte r 2 Differentiati on




f(x) =3x(xs -4 )2

f’(x):3x|— (-2)(xs -4)-° (sz)—| +(x -4)-2(3)
L I
-18xs (xs -4)- +3(x -4)-2

-0 -4 Lses - (s -]

3' 5x3 + i)_

(6 - 4)°
Product Rule and Chain Rule
)

5. 1(x) =(2x-1)9 -3¢

)
f'(x)=(2x-1)(-6x)+ 9 -3

—12x% +6 X+ 18 - 6 X2
18 + 6x - 18x2
-6(3x% -2x-3)

Product Rule and Simple Power Rule
y = (7x+4)(:3 -2¢)

y' = (7x+4) (3x2 - 4x) + (x3 - 2%2 )(7)
21x% - 16 X% - 16x + 7 X - 14%°
28x% - 30x% - 16x

Product Rule and Simple Power Rule

y=-2(x +2)2 == ( )32

2X +2
General Power Rule
—3— -3
1
48. 9(x) = 3/,3 _1 =3(xs =)
2
109 -V -1 02) o =2
\3) (x*-1)

General Power Rule

f(x)=x(3x-9)°

Section2.5

f(x)=xs(x-4)°

The C hain Ru le

xs (x2 -8x+16)

x° —8x* +16%°
f/(x) =5x* -32x3 +48%?

%% (55 -32x +48)

X2 (5x - 12)(x - 4)
Simple Power Rule

y =x &x+3 =x(2x+3)"2

Loxea 22|+ (2x+ )2

y'=x

12 / |
2x+3 “12[x+ 2x+3]
( I G

( ) 1

3x+1
J2X+3

Product and General Power Rule
y =2t ¥/+6 =2t(t+6)¥?
A

L2
t(t+6)12 +2(t+6)"?
(t+6 ]‘l/z[t +2(t+ 6)—|J

/
t+6 1, 3t+12
C

t+6 A 17 +t+6 {22
) J « )

)

- gf+12 _ [t+4)
t+6 t +6
Product and General Power Rule
53.
— l /
y=t,Vt- 2=/t t.|— 212
/
Y=t t-2 f2 1 2tt-21,
Lz ( ( J)‘ ( )

- l2 (t-2) Y At? +at(t-2)1]
t2 +4t(t- 2)

2Jt-2
f'(x) =x(3)(3x-9)?(3) + 93x -9)% (1)

(3x - 9)?[ox + (3x - 9)

9(x-3)?(12x-9)

119



27(x-3)?(4x-3) _ (5t 8)
Product and General Power Rule 2t-2

Product and General Power Rule



Chapte r 2 Differentiat i on
y =x (x£2)? =x2(x-2)?
/12|— - z(_l a2)

y=x 2 Cox-2 Cx -2 X

L - \2 )

=2 yfx-2)+ 22,
it J

\xe-11)

[ 2 ]
(6= 5x7 & =L, (-5 (6= 5x](2x)
|

KX2—1)| X -1

2(6- 5x)(5x% - 12x+
5) ( -1)°

Quotient and General Power Rule

(4x% -5
56. y = | |
L 2-x)
LXL;Q\ZFQ—L]EQ:&*Z:5)_[;_11
;
y =3 | |
L2-x )
(2- %) ]
2 2 2 =
- A= T 5T
2-x )\L 2-X Jl
1
(4x2= 5V - 4x=+16%
-5
12-x Il T2-x, |
N )1 ) ]
§§4x2-5]2(-4x2+16x-

(2-x°

Quotient and General Power Rule

f(x)= (3¢ +ax)¥s

f'(x) = l5 (3X3 + 4x)“(5 (9Xz + 4)

59.

/
924

m=f',y = 1 4
() 2
y-2=1
2(x-2) @2
y = gx+1 R ’
_36_ 2
f()= 3-t, =36(3-t)
()
’ = - - -3 - = L
fE) 723(t] (1) -
3-t;,
72 8
f(0) ,
27 3
§
y-4= 3(t-0) ' (0.4)
8
y=§|+4 - 4

60. S(X)=%: e -3x+4 4z
X®-3x+4 ( )

s x L 2 _axea9 543
0 ) o )
_ 3-2X ;
T 7
2X: = 3X+4 32
3’3 :3_6_=_§
() (]32 16
24—
1 3
-2 =-16 (x-3)
=-163X+16ﬂ



Chapte r 2 Differentiat i on

y=(X3—2Xz—X+l)2

y’=2(x3 —2)((2 —x+1)(3x2 —4x—)(1)
o _ 3 2 _ + 2
m-y((lg(— 2 W -2 - (1) +1 3(1)%-4(1)

=2 -1 -2 =4 4

-1=4(x-1) L /\
y =4x-3 ; i

==
=
(4]

1

2




( )
61. f(f)= t?-9~t+2 -

£ = (t2 —9)(| l(t+2]‘12/—‘ +(t+2)H ()

L2 ]

2(

t+2 )flzrlt2-9

(

[2

= (t+ 2)'f'2|—‘1t2 2 pop

l2 2

(
£2

+2tt+2

+

= (t +2]’1’2('5t tyare )

2 2)

-9 (t + 2Y12

L, —g (t+2) 17 +21(t+2)tR

]

y- -8 =-6t - -1 ]

=1=8)

y=-6t -14

2x

/

62.y =- JI-x =—(1—X)12

r1-x? 9 - (L) 1-x,, -12x ]

[ ) () ( )
y =-|- _ L2)

| ((1 —X)l/sz

/ - 16

(

e

— — —

Section2.5 TheChainRule 121

_x+1_ X+l
63 f(X) =\/—=( }2
2X-
¥ 2w -3 !

2x-3121 -x+1_ 3 2x-3 .12 2

o)) (o )k ) ()
f'(x) = 77 2x-3
= ) () )
2x=3 —_xx
_l-- -
)
2Xx-3 4,
—x=4
_ /
~( ) 6
2X -3 32
1-3
f'(2)=" =-2
1
(
y =-=-2x+7 .,
- X /
— 2 -12
y x(25+x)

6. =~25+% =/ ) ( /()

y' = x(—1.25+ x2 32 2x1 +25+x 2712 1

2 2 -3h 2412

=—X(25+x) +(25+X)
/

= (254x2) 22 -x%+ (25 + %)
o5

1




2x =0

x=0—>y=f(0)=34\/—
1

Horizontal tangent at: (O, 34)

(=3,3) .
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66. f(x) = V52 +x-3 = (bx +x—3)1/2
frx =de 4x-3712 10x+1
() o ) )

f(x) - 10x+1)_

Set () =T =3 =0
25x%2 +x- 3
10x+1=0
1 (1) 61
x=- = sy = fl- =] F
10 \ 10/ 20

g 61
Because /20~ is not a real number, there is no

point of horizontal tangency.

Yo X
67. f(X) 2. ® —
i
2x-1 % -1
12 (1 -32 \
N
X
Frx = (2 —m-—
() Mox+ 1)t P
( 1,2|‘ ( J—lz
2x =1  -X 2x__—i_
f'(x) = (2x+1
)

/
2x-1-12T2x-1 -x1

e —

f'(x) = L -

2x - 1

/
2X -1 32
Set f(x) = 2x-14 =0.

(G

x-1=0
=1

SNV

Horizontal tangent at: 1,1

x=1l-oy=f1= =1

of(x)= E-- k-
(32! (5) -5 ( D 3-27" ) \\
f’(x) _ \ 2 _‘ )
l-2)
15

/ .
o = 8(x-2)2 = g ulgx-2)2

() T T o2+l
(
)
23x-2 F2[23-x2 -3x]
fry = 20 ——) L ]T.
() - (Zx—l
( 3 )
ox-4
f(x) = 23x-2 4,
( Cyr»
53x =
-
Set f(x) = 23x-237
) )
53x-4 =
3x-4=0 . -
\/_
X = 4 -y —f(é\ = 20
3 G os 2
Horizontal tangent at: (‘4, —1—0-‘\
3 \/7”.‘
\ J
59 59

69. A’ = 1000‘60 )1+ L 1 -50001+ 4
( [ (
| 12) | 12\ | 12 )
\ )L ) L )
() A(008)  =s0/1.008) K

L 12)
$74.00 per percentage point

5
Nf010) = [ 400
\ 12)
$81.59 per percentage point

®)

© Af01) = [ 012
N 12)
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~ $89.94 per
percentage point



70. N =40&1—3(t2+2)—2 |—|
i

dn =N'(t) =4oo\rt-3)(-z)(tz +2)-% (@ ﬂ
dt ]
4800t
=T
t2 + 2 3

N ’(0) = 0 bacteria/day

N ’(1) ~ 177.8 bacteria/day
N ’(2) ~ 44.4 bacteria/day
N ’(3) ~ 10.8 bacteria/day
N’(4) ~ 3.3 bacteria day

(f) The rate of change of the population is decreasing as

time passes.

Section2.6Highe r- Orde r Derivative s

71v=  —K—
Jt+1
Whent =0,V =10,000.
k
10,000=./0+1 =k = 10,000
v - Jpa
t+1
=10,000(t+1)-Y2
dV - 5000t +1)*%(1) =- __5000
dt ( ( ER
t+1
Whent =1,

dv __ 5000 _ _ 2500

/
a @22 VY
dv 5000

- ~ -$1767.77 per year.

123

Whent =3, dt =- (4)“ = -$625.00 per year.

72. (a) From the graph, the tangent line at t = 4 is steeper than the tangent line at t = 1. So, the rate of change after

4 hours is greater.

(b) The cost function is a composite function of x units, which is a function of the number of hours, which is not a linear function.

@  =(03017t -9.657t° +97.35t2 - 266.8t - 242)¥2

1
dr_ r(t)= “(0.3017t* - 0657t +97.35t% - 266.8t - 242)~*7 - (1.2068t° - 28.971t 2 + 194.7t - 266.8)

dt )

2/0.3017t % - 9.657t3 + 97.35t2 — 266.8t — 242

Chain Rule
() |

13

2

The rate of change appears to be the greatest when t = 8 or 2008.
The rate of change appears to be the least when t = 9.60, or 2009, and when t =~ 12.57, or 2012.

Section 2.6  Higher-Order Derivatives

Skills Warm Up
1. -16t2 +292=0
-16t2 = —292
t2 13
4

2. -16t% +88t= 0
-8t2t -11= 0

8t=0-t=0
2t-11=0-t =i§
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Qlalla A/ 1l i 2l
ORITIS Vvadlrmih Uy —CLUlinucu—

-16t% +128t+320=0

XZ

-16(t2 -8t-20) =0 oy = x+d
16t -10t+2 =0 o = X TIT T
t-10=0-t =10 dx (2x + 7)?
t+2=0-t =-2 4% 4+ 14x- 252
= L2
~16t2 + 9t +1440=0 (2x+7)
2 2 +14x
t=‘9i9fﬁ6}ﬁﬁﬁﬁ3‘ T2
(2x+7)
</ 2(-16) 2xLx_+Q
-9+ 92241 (2x+7)
9+3 1¢249
32 =x% +3x
~-92landt =9.77 % —5
dy = ( 1
2 _ I 1
y=x*(2x+7) 5—2X— Lax+3) - o +3x(4y)
x @y,
dy 2 3 a2 T3
dx =x%(2) +2x(2x+7) 4x° +6x° = 10x = 156 = 4x° =
2
2%% +4x% + 14x 12x ,
62 10(2)(21; °)
6x° + 14x v =X =
(2X2 —5)2
y = (6@ +3x)(2¢ -5)
. 0
& = (X2 + 3x) (4x)+(2x+ 3)(2X2 - 5)
x=x%-4
dx Domain: (oo, ©)
43 +12x% +4x3 - 10x+6x% - 15 . [ 4 )
ange: [- 4,
8x3 +18x° -10x - 15 :
O T =vVx-7
Domain: [7, »)
Range: [0, o)
f(x)=9-2xf f(x) =3 +4x
C )
(-2
f'x =6x+4
(
(%) =0 ' =6
f(x)=4x+15f g (D=1 t3- a2+
(x)=4 2tg' () t2-8t+2
f"(x)=0 g'(t)=2t-8
f(x):x2+7x—4 6.f(X)=—_5X4+3X2 -6X
) () ¢
f(X =ax+d f'x]=—5x3+6x—6
f'x =2 ‘

f"x =-15%° +6



2

7. f(t) =ts =2t73

-4

fr(t)=24ts =
t5
5
g(t)=6ts=6t"
10
‘g()=- 303

50

0= 22

33t

f/(x) :E()Z—X) (—2%) =-18x(2-x)

2 2 2

(%) = (-18x)2(2 - x2 ) (-2x) + (2 —x2 )? (-18)

18(2 -2 Y — (2 -2 )“'
18(2-x2) (5% -2)

y = 4(x2 + 5x) 3

y'=4(3)(x? +5x) 2 (2x+5)

(24x +60)(x* +10x° +25x*)

24x° + 300x* + 1200x° + 1500x° y"

=120x* + 1200%% + 3600%% + 3000 x

(=%

’() (- 2(1)_(_;_1_)(1)

= (x-1p

:7-()(—_21)7 =-2(x-1)72

frx =4x-1%1=—4%
O )0
9 (=t=2%

9(x) = L;Jtﬂ;ﬁ—JMQ

(x-3)°

X121 44x
2

Section2.6
e r - Orde r Derivative s

f(x)= x> —3x*

f7(x) = 20x° —36x

2
"

f (x)=60x —72x
f(x)=x*—2x3

! 3 2
f(x) =4x —6X

f (o =12x" —12x )
f'x =24x—-12 =12 2x—1

15. f(x)= 5x(x+4)®
=5x(x® +12¢ +48x + 64)
=5x* +60x3 +240x% +320 x

f(x)= 20x '+180x '+ 480 x +320

f'(x) = 60x* + 360x + 480
f(x) = 120x + 360

f(x)= (e -6)*
(x)=4(xs —6)3(3x)

=12x1 —216x8 +1296x° — 2592x°

”

10 7
f(x0=132x —1728x +6480x

"
9 6

High
125

4
—5184 x

f (x)=1320x -12,096x +25,920x —5184

17. 1= 2 =3x.
8

ax*
f(x)=— 2 xs
2
15
f1(x)= X
frrx =—45x 7 42
() Ty 7

f()=-2s

25X
2
f(x)=— 5%
2
f/(x)= 5X6
12



-3
(G

=—1l_ -11x-372

(x-3*

g"x =-2x-3731=-

() C )0

)

22

(x-3)°



Chapte r 2 Differentiation

()
g () =5t* +10t% +3 26. f"x  =20x° - 36x2
) : )
g'(t) = 20t® + 20t f'x =60x*  -72x=12x5x-6
" - 2
g"(t) =60t +20 £ ) = et
9"(2) =60(4) +20 =260
f(x)=9-x*f'(x) 10 (0 = -t6x
= -2x G () =80x® = &)Xe
f(x)=-2

f”(A/S_):—Z 28. f”(x)=42/x—2 =4(x-2)*+2
L /

£ =4 \x-2 4,1 =2%x-2 4,

f(x) =4 -x z7{@=x)v: o 20 ) 0 C H

/ 4 -32
( ) f(J X gjl\ 32 =-x-2
X 1 s 7 /
(4_ X) 2 2 1
()= l_o_lty- ) 0 ( )
. \ 2)
/ f —-x-2-521=——3,—
1 5 X -
f'(x) = - 4(4 - x)~2 00y o ) O O se
2Xx-2
3 / —_3_
" —_3(2 _ -52 - :
P09 =-3(4-x7" = (4 £ (x) = 2 +1)(2x)
-3 1 ) 4x3 +4x
(-8) = (142 =~ e48
89 ) (x) =120 +4
f(f) =2t+ 3£ (2t +3)"2 30. f"(x)=dx+7
1
/() =y (2t+3)" % (2) = (2t +3)*? *)(x) =4

L / / ®G)(x)=0

(1) =- (2t +3)2%(2) = - (2t + 3)-2

2
3 3 31. f'(x)=3x -18x+27
£ (t) =;(2t+3)‘5/2 (2)=——— ()
( ' 7? f”(x)=6x-18
2t+3
(1) 3 ()
S L f’x =0=>6x=18
2 32 <=3
23-f({x) ]=(X3-ZX)3=X9—6x7 +12x° -8 fF(x) = (x+2)(x-2)(x+3)(x-3)
f’(x)=9x8 - 42x8 +60x* - 24x2 (Xz —4)(X2 —9)
£ x =72x" - 252x5 +240x3 - 48x x* -13x2 +36
(0] ( )
f"1 =12 fry =4x3 -26x

f”(( X) = 12x% - 26

24.9(x) =[x +3¢)*=x® + 12x" +54x° +108x° + 81x* :
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) f'x =0=>12x> =26

(
i _ay/ 6 5 4 3
g(x )-8x +84x° +324x° +540x* + 324x x =+ |13 =i:{78
g" x =56x0 +504x° +1620x* +2160x° +972x 6 6
( )
g'-1 =-16
f/(x)=2x*f

"(x) = 4x
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33, f(x)=x/ut-1=x(0@ -1)22

1 / = /
/
f£(x) =xr(e -1) 12 (20 + (xe -1)*2 = (72—1)“+ (x: -1)*2
y2 A1) -12
x -1 (-x LZ- ‘)(X - (2x) 1 ) 2
7% L ' -1 ()
( iy ) G b X x&.-_1
B A I /
( 2 ]3/2 ( 2 )12 X2 -1
x -1 x - 1

(x2 _1).'!2'
f'(x)=0=2x -3 =x(2x. -3) =0

X =+ E :iﬁ
2 2
=0 s not in the domain of f .
x +3(1)- (x)(2x) 2
34. ) -
() ' C %)
2 2
f'x = (Xz ;30 =(x2+32 =3-X X 3

f”(x) =(3_X2)|L|:2(X2 +3)_3{2X)—|J + (xz +3)‘2(—2X)

e +3) els-)- (-
) -2x{9- x2

R

(e +3)?

f'(x)=0=>2x(x -9) =0

=0,23
@) s(t) =-4.9t2 +44.1t s()=0
v(t) =s'(t) =-9.8t+44.1 49t% +441t =0
a()=v(t)=s"(t)=-98 49t(t-9) =0
) C) (E=Osec t =9sec
5(3) = 882m / v9 =-989  +44.1=-441mpec
v(3) =14.7 m'sec
This is the same speed as the initial velocity.
a(3) = - 9.8 m/sec? ()
v(§) =0 36.(a) st =-49t2 +381
9.8t+44.1=0 0 0
vt =s't =-9.8t
- 9.8t =-441 a(t)=v(t)=-98
= 4.5 sec (b) s(t) = 0 when 4.9t2 =381, or
s(4.5) =99.225 m ‘- % 8.8 60,

()
(c) v8.8 =-86.42msgc
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a. M= ) )XY = 215
_  t+10_275-2715t 1 _
dt (t +10)? (t+10)?
t |o |10 |20 |30 |40 |5 |60
v |0 |1375|1833 | 2063 |22 |2292 | 2357
dv
— | 275 [069 031 o017 |011|008 |006

Section2.7 Implici t Diff e rentiati on 149

As time increases, the acceleration decreases. After 1 minute, the automobile is traveling at about 23.57 meters per second.

s(t)=—25t2 +20t
vgt) = s/(t) =— 5t + 20

a(t =s(t)=-5

t 0 |1 2 |3 4
s(t) |0
vit) [20 [ 15 |10 |5 0

175 | 30

at) [ 5|5 | 5|5 |5

It takes 4 seconds for the car to stop, at which time it has traveled 40 meters.

39. f(x) = x> —6x+6
)

f’X)=2X—6
(
f"x =2

(@)

7

b
YLy
Wf

The degree decreased by 1 for each
successive derivative.

3

@© f(x) =3x% -9 —
i
f(x) =6x-9 '
4
f ”( X) =6 f

-10

The degree decreases by 1 for each
successive derivative.

Graph A is the position function. Graph B is the
velocity function. Graph C is the acceleration function.

Explanations will vary. Sample explanation:

41. (a) ygg) =—21.944t3 +701.75t 2 — 6969.4t + 27,164
(b) y't =-65.832t% + 14035t — 6969.4

y(t) =-131.664t +1403.5

0

(c) Over the interval 8 <t <13, > 0; therefore,

y is increasing over 8 <t <13, or from 2008 to
20013.
v (=0
(d)
—131.664t + 1403.5=0
—131.664t = —1403.5

t~10.66 or 2010
Let y = xf (x).
Then, y'= xf'(x)+ f(x)

y" = xf(x) + f/(x) +
xf"(x) +2 /()

yw = Xf m( X) + f n( X) + 2 f H( X)

xf () + 3 (x).

f(x)

In general y(n) = X (%) () Z O (x) +nf (n-1) (%).

The position function appears to be a third-degree
function, while the velocity is a second-degree
function, and the acceleration is a linear function.
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True. Ify = (x + 1) (x + 2)(x + 3)(x + 4), theny is a
fourth-degree polynomial function and its fifth derivative
d-y

0 equalsO.
X
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44, True. The second derivative represents the rate of change 45. Answers will vary.
of the first derivative, the same way that the first
derivative represents the rate of change of the function.

Section 2.7 Implicit Differentiation

Skills Warm Up
- 6 x=++6-y?
1. X=X =2 x2=6—y2
X -y =2x 2 2
X* -6 =-y
—y:ZX—X2
2 _, G =y2
= X° - 2x
y +N6-x2 =y
—4 1
2. x-3 “y ;3% ZA( )
v 21
4y =x-3 3y?
x-3 i, -
——[-—) — -
4 312 = 3 =3
Xy-x+6y =6
Xy+6y =6+x ;2——_@
JGo obax 8 1-y ,(0.-3)
+6 — =
6+X =
= 0 2 = -2 -_1
y X+6 ) ™
y=1,X¢—6 1— —3 4 2
(1 "
4, 7+4y=3x2 +x2y 9. -, =2]

4y-x2y =3x2 -7

4y +1?y+3 L7 )

A-2)*+(-2J+ 3 16-26+3 -7 1

5% +y%=5
y2 =5-x
=& —X2
1. Xy=6 2. 3% -y =8x
xs & 432y =0 ox- L _g
dx dx
ol 2 dv
X dx =-3xYy -dx =8-6x
2
dy 3X y 3y Ey_=6x—8
dx X3 X dx

3. yr =1-x°
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=i
L]

< opx



Chapter2 Differentiation

v
SyzolX_15x +8
2
dy _15x +8
dx 3y2
5. vt —y2 +T7y-6x=9

43y _oydv o0V 6
dx dx dx
dy

(4ys -2y+7) ax =6
Q6
dx 4y3—2y+7

4y3 +5y2 —y—3x3 =8x

2y y10y® - g2 -3

dx dx  dx
(2y: +10y-1) Y =g+ 0x2
dx
dy = __8+9x2

dx  12y?> +10y-1

7. xy2 +4xy =10

d d
V2 w2y +4y+4x_\£ =0

dx dx
dy
(2xy + 4x)dx = -y -4y
dy __yl+4y
dx 2xy + 4x
8. 2xy3—x2y =2
2y3+6xyZM —2xy—x2 QX=O
dx dx
(6xyz—Xz)ﬂ =2xy-2y®
dx
dy  2xy- 2y
dx 6xy2—x2
2x+y=1x
_5y
2x+y =x-5y

Section2.7

y

-X

Xy-y? =y-x

y(x-y)=-(x-
=-1

gde =0

y2+3: X

Implici t Diff e rentiati on 153

y)

2y =4x(yz +3)
2y=4xy2 +12x
2dy =8xy dy +4y2+12

dx

dx

oW gl —42 412

dx dx
2
@ _ 4y v12
dx 2 -8xy
4y2
_ 2
y2_g =X
()
(yz w _4y2( UY\
e dx‘} ' dx)lzX
(v -9)°
&y 2 2
gy~ ¥ -9-y
'_d;X[ :2X
( 2
y2 -9
dy
-72y
_—_ﬂ 2X
(v -9)
2 2xly%- 9 :
-72y
dy _
dx
2 2
dy __x(y—9)
dx 36y
x2+y2 =16
dv
_ 1
6y = v o=-x =



Chapter2 Differentiation Section2.7 Implici t Diff e rentiati on 154

2X+2y dx =0
2y %\)‘( = -2X
6 dy __x
dy 1 dx y
dx 6 At(0,4), Y =_ZO = 0.

dx



gde ="Xy

At (5, 0), gMd)( is undefined.

y+xy=4gydx+xg¥dx
+y=0
d
_ydx(1+x)=—y
dy __y
dx =-x+ 1
d 1
At(-5-1), Y =-=.
dx 4
xy—3y2 =2
dy dy
X +y-6y =0
dx dx
N(x-6y)=-y
dx
 =-_y_
dx x'—6'y
dy 2 2

At(7,2), &x =-7B2 " =5

X2 -xy+y? =4

(dy )

y | +2y =0

Tl ) dx

2x—xg¥ -y+2y o

dx dx

dy
dx(2y-x)=y-2x

2x-

=0

dy _ y- &
dx 2 y'— X
-1-3-2 2

Section2.7 Implici t Diff e rentiat i on
18. Xy+y3x =-6
L oxy+y® +3y2 A w0
dx dx
dy

dx X + 2Xxy =—2xy—y2

&y - ;[Mﬁ*]
dx x° +3xy?
o _ ulex+yi)
x(x+ 3y )
-1 2 + -1k
At@ -1), Y =-( (™), =-=5
( ( 3-1) )
dx 10
Xy-X=y
dy dy
dx+y-1=dx
xdy _ dy =1l-y
dx dx
dy )
—Xx=-1 =1-y

(3 Vdy 3=1_.2_,
A 3l = == =7
2 ) dx = L
2-1 2
3 .3 _
X +y —6gyxy .
3x2 +3Yy2 =
6l x +y‘

2 +3y2 i —6x Y +6y

dx dx
[3y2—6x]dl=6y—3x2
dx
dy Q_Y-3X2
dx ~ 3y? -6x
o= 32u=x%)
dx 3y2—2x
o 2y
_ 2
- - dx 'y -2x
(4 8) dy 4

Ao, =

131
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-1 - =2
dx 2-1 k3 3) dx 5
undefined.

W2 412 g
1 X112+ly—¥zd—\4 =0
2 2 dx

/ ;o
X-12 +y—12 dx =0

At(16,25), ¥ =_ 2
dx 4
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23 ry23 -5

/
3X7y3 + 2y—;3i¥ =0

3 3 dx
dy -x2 yL y_\f
= T 113 =- 13 =- 5
dx y’ x/ X
At 1), & --%
dx 2
23. Noxy=x-2y

Vxly=x-2y

\/7(;)”}2 QY\ +\)7’ (_1X—,12\ =1-2 dy

2 dx) 2 ) dx
_\/;_d¥+2-gy=1_f
y X
2 ydx dx 2\[x-
=¥
1_
(V. 2
= ajl~ y
o,
x E*/\/%+2 2V xNy
;@_4
X+ 4N xy
2x—2y‘_—y
=x+4g—2y
)
2x-5y
=5x-8y

A, ap @ o2
(
Ydx 4
(x+y)® =% +y°
3(x+y) 2‘(1+ qu 3x% +3y? W
L & dx

3X+y , +3x+y, *? =3x2+3y2¢1

C 1 ( ) dx dx

2dy gy 2
(x+y) dx-y24 = x2e-(x+y)

al
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25. y2 (@ +y?)=2%
g axe2y®] e (zay sl ) gy
\ dx/ L)

2 34y , dv 3y
2xy +2y +2Xy  +2y =4x
dx dx dx

dy
dx(4y3 +262y) =4x-2xy?

dy  2x(2-v4

dx = 2y(2yz +X2)
2

dy _%22¥0)

dx = y(Zyz +X2)

1
() -2
At l'l'dX 3

26. (< y2)2 =8xay

— 16
2(x? +y2)(| 2X + ZyQM\ =8X2dy+y(

3 , dy X
4x +4x y dx+4xy i) dx
dy dy

2 W (wyrayp®y dx=8Cde + 16y

82 ) =16 xy - 4C - 4xy?

dy =414x =x3 - w?

dx 4(xy+y —2x)
2 3 2

_Z—y.’

e

dy xAYTX

d
At(2,2),_v =0. dx =x2y+y3—2x2

dx

3x2 =2y +5=06x

dy
-2 dx =0
dy
=3X
dx

(x+y)?



2
- (X +2Xy At (1, 4),
+ y2

2

dy —2XV Y __ y(2x+y)

d x®+2xy  x(x+2y)

=-1.

Section2.7 Implici t Diff e rentiat i on

d
_ydx (1) =-4(-1) =4

134
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d
209, x> +y?=4 33. Implicitly:1—2yJ=0
dy dx
2x+ 2ydx:O dy 1
X =
dy =— dx= 2y
dx y Explicitly: y =+, x-1
u s =+
\/_ ay _3 \/_ =%
At 3,1 i = - = - .
( )dx 1 3 dy l(X-l'lfz 1
dx =+
30.4x%2 +9y2 =36 x=xd ) ()
8x+ 18~ =0 T E/x-1
dx 4
dy =- 4x _Z(i —1) :
dx 9y s
4) d 4 5 = 1 =
At| (\/T\_‘)’—) 4 _—\ég =—_\/_ . 2y
L 3) 9(43) 3 -
( ) -1
At 2-1, dy 1
== . -2 y=- x-1
3. ¥ -y =0 dx 2
dy
2x-3y?dx =0 Implicitly:SyQde—2x=0
= e gde -4X
dx  3y? Yy
d 2 1
At (-1, 1), _ydx =-"3. Explicitly: y = 1—2
£
(4-x)y% =X * 2(X2+7l)12
2 dy 12 yan
y2 =_x dx == 4(® +7)*2 (2%
4 -X
o= 4_1[ 3x21—X3[—1l =+ X
— 72
2 X +7
2ydx (4 -x)? X
2ydy = 12X = 33+ - 4‘12 X +7\‘
dx (4-x)? 2 y
d 223 X
—Y_ ol > ty
2ydx = (4-x) & 3
2x-6 &
Q= 2 — ALG2), dx = 8.
dx 2y(4 - x)?
* 6
QY __-LX_—) 2 v
4
dx y(4 - x)? E Y
d
At(2| 7), & =2 s — X
dx 4 2 | 2 4
z,_\
ﬁft
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At (-6, 8):
m=4§
-8=% (x+6)y
=4§)(+§2

16

(:5% ®,6)
— 24 24
v \\A
T

S

15

X +y? =9
2X+2y%{ =0
& -
dx y
At (0, 3):
m=0
-3=0(x-0)
y=3
N(ZV@:
oA
m=—_25:-255
A
y—f=—g\5_(x—2)
205,808
\\
T I

Section2.7 Implici t Diff e rentiat i on

V=53
dy

4xy +x2=54x""dx

+4y+2x=0

At (1, 1):

2

1222 (x-)
3

= —_2X+
52At (5, -1):

m=-3 2

136

10 \(il)
y+1=—§(x—5)

10
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3.3 X3
=8 —
oy 4. y? =
2 2dy _4-x )
3% +3y 0 dy = L) X
dx — o 4-x ¥ -% -1
3y = -3y 2ydx (4 -x)? .
dx
@y K 2yay DX E/Z)
dx =_y2 g
At 0,2 dv =£2.—(6_le =2
dx y(4-x) .
_dy
m==—" =0 At (2,2):
dx )
y- 2=0x-0 m=2
©2
y = F y-2=2(x-2)
( S,
At 2,0: 8 2,0) =2x-2
m= 9 isundefined. . At (2.-2):
dx =2
The tangent line is x = 2. +2=-2(x-2)
y=-2x+2
xy-8=-4y
2y+4y =8 x+y> =6xy° -1
y(X2+4)=8 y® -6xy =-1-x
8
=2 +4=8(x2+4 ya(1-6x)=-(1+x)
X+ 1
2 gy 2 3 =
)1 Fax =8(-1) (x2+4) y o1
2 ( )0 ( DInt
-2 (2x) dy = - 16x — 6x- 11-xx16
D ( )
2
& (g +a)2 dx 6x-1
. dy 6x-1-6x-86
At(-21): 3yldx = 6x -1
me @ --_ 1662, =32-1 o S
dx (_2]2+4 2 0 2 _y_ _—
dx  3y2 6x-17
1
-1=2(x-(-2)) At (-1, 0):
1
=2 X+2 =ddelisundefined. The tangent line is x = -1.
(e ) At (0, -1):
\ 5)
m= dy :—_1_6(6_‘_ :—% _3 m:deX :—_73
& Tt Ik 1600 - 50
L ;
1 3 -(-1)=-73(x-0)

i

I~




1 3 8

5 50 25
3

Y =750%" o5

21

(6%s)

-3

Section2.7 Implici t Diff e rentiat i on

=- 3x-1

(-1.0) 8
0,-1)

139
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43.p =0.00001x3 +0.1x ,x =0
2

0.00001x° +0.1x = o

0.00003x* & +01d -_.2
dp dp p?
0.00003x% + 0.1 9% - _2_

( )dp ID2
& o=- 2

dp Pz 0.00003x°+0.1
4

44.p = 0.000001x? +0.05x +1,x=0
4

0.000001x% + 0.05x + 1 = p'

0000002 x% 4005 L - _ 4
dp dp p

dx =-

(0.000002x + 0.05)

2
4
4

2

dp p° 0.000002x + 0.05
45, p = 200 - x ,0<x <200

49. (a) y? - 35,892.5 = - 27.0021t ° + 888.789t > - 9753.25t

Section2.7 Implici t Diff e rentiation 140

46. p= PE=X  o.x<500
2X

2xp? =500 - X
dx) dx
2X(2p)+p2(2—| = =
de) dp

dx
dp (20 +1) =-axp

d __ 4xp_
dp 2p% +1
47. (a) 100xe7sy025 = 135540
100X 0.756 -0.75 dl_) + y0.25 (75X -0.25 ) = 0
N dx /
5% . Gy - _T5yus
yo.7s dx X0.25
dy 3y
dx =- x
When x =1500and y =1000, ?‘ =-2.
X

(b) 100000

O IR 2,000
0

If more labor is used, then less capital is available.
If more capital is used, then less labor is available.

(a) As price increases, the demand decreases.
For x > 0, the rate of change of demand, x, with respect
to the price, p, is always decreasing; that is, for x >

dx

0,dp isneverincreasing.

y? =-27.0021t 3 + 888.789t > - 9753.25t + 35,892.5

y = +/27.0021t3 +888.789t > - 9753.25t + 35,892.5

40

12
0

The numbers of cases of Chickenpox decreases from 2008 to 2012.
(b) It appears that the number of reported cases was decreasing at the greatest rate during 2008, t = 8.



(©) y° -358925 =-27.0021t° +888.789t2 - 9753.25t

dy
=-81.0063t2 +1777.578t - 9753.25t
2ydt
yo o = 81.0063t° +1777.578t - 9753.25
dt 2y

t |8 9 10 11 12
y |3040 |2051 [1539 |1451 |13.40
y | -11.79 -7.71| -254 | -0.08| -3.26
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The table of values for y’ agrees with the answer in part (b) when the greatest value of y’ is -11.79 thousand cases

per year.

Section 2.8 Related Rates

Skills Warm Up

A=mr?

Vv =3‘—11Tr3

SA = 6s°

Vv =s

\% =l3T[l‘2|"I
A=l2bh

2 +y2 =9

lfxz +y2 | = 4 9

X2 +2y+xy =12
d—sz +2y+xyl A 12

axt 1 & ()
2
2X+ d_¥+y+x d_¥=0
dx dx
2dy =-y-2X
dx dx
dy (2+x)=-y-2x
dx
_d_Yz —¥—2X
dx 2+X

X+Xy2 —y2 =Xy

dx| 1] DTyaxy? -yl =y
2X+2ygM =0 de | dx[ ]
dx 1+y2FoxyQ —oydy _y,y &
dv dx dx dx
2 = o O oo dy v 2
Xy -2y -X—==y-y 1
dy _ =2x dx dx  dx
dx ~ 2y dy 5
X dx (2xy-2y-x)=y-y° -1
= 2
y v vy -1
dx 2xy-2y-x
3xy—x2 =6
Aray-x27=L56
dX|_ J dx[]
3y+3x%§—2x=0
L =2x-3y
3 dx
dy = 2X23Y
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= l.x—l , &

2 dt

dy,
dt

a

lL.y= Xx,

2

dx

(@) When x =4and =3,

dt

(b) When x =25and d_y =2,

dt
dy
2.y =3 —5x, dy =6x & -5

dt dt
dx
dt
dy

(&) When x =3and

'

dt dt
dvy - 63 -52
=2, gt

=1 Q‘,Q:ZXQX

x dt dt dt

dvf 1) A3
\2 4) 4
% =2V25(2) = 20.
g

&, dy = (6x—5)dx~"dt

d 6x—35
= 26.

O

)
dx

(b) When x =2and dt =4, 6

:O‘

dt|

L

(@) When x =8, y = —,and

dt
(b) When x =1, y =4,and d
dt
4, x? +y2:25,2xd_x+2y37
dt dt

(@ When x =3,y =4,and o
dt

dy

5. A(E)“V\%hen x =4, y =3,and

dt

(b) When )&rg4, y =3, and

dA

dt =3, ~dt

dr _

dx \

2
)

(e o (%)

d-

X dt | |

dt\ y;dt

el -

10,

5 proportional to r.

=0

1

dt

dy

dt

:8,

=2nrdrdt =6nr

Whenr =86, d—Adt =27 (6)(3) = 36m cm? /min.

When r =24, dAdt =2 (24)(3) = 144n cm?

:3,d—v =4nr

When r =16,

/

min.

2dr

dt

=12nr?2
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de =12e(9)° =
972nem® min. gt =127 (16)> =3072x cm® min.
dA dr
A=nr? ~—— =2nr—
dt dt

If dr is constant, then OI—Ais not constant; d—Ais

dt dt dt



8. V ZAnr3 ,d—v =47trZm

3 dt dt

r, . \ o
If d—dt is constant, d—dt is not constant since it is

proportional to the square of r.

o.v =dpd W oo oyl

3 dt dt dt
dr (1 )dv

= 2
dt  (4nr Jdt

d 110 =5
(@) Whenr =1, 'd_tr =) gm/mm.
4 1l

£= 1 10=im/nin.
(b) Whenr=2, 4z ()« )



V= l?,nrzh = l31tr2(3r):arr3

v :3nr2m =6nr?
dt dt

dv

(@ Whenr=6, 4 =6n(6)° =216n cmj min.

dv
(b) Whenr =24,

& dx ()
11. (a) =075 =0.75150
dt dt
112.5 dollars per week
drR dx 1 .dx

Todt =250dt” 5T xdt
250(150) — 51(1000)(150)

7500 dollars per week

P=R—C
dP _dR dC
= - =7500 —112.5
dt dt  dt
7387.5 dollars per week
dC dx
(@ __ =105 =1.05(250) = 262.5 dollars \?Jeek
dtdt
dr 2x\d 24500
0 8- (500 Co2xux 2(5000))
= 500 - (250)
| | |
dt \ 25)dt 25 )
25,000 dollars /week
P=R-C
dP _dR dC
= - = 25,000 —262.5
dt dt dt

24,7375 dollars/week

R =1200x — X2, d—Rdt =1200 th —2x

drR dx
d—th = dt =(1200-2x) ~dt
When dx = 23 units day énd x =300 units, dt

&R - Ftlzoo - 2(300)](23) = $13,800 per day.
dt

When d_X = 23 units day 4nd x = 450 units, dt

dt =6n (24) = 34567 cm® fin.,
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14. R =510x- 032, R =510 _gpx &
dt dt dt

R _ i &
ot = (510 - 0.6x) it

dx
(@) When it = 9 unfts day and x = 400 units,

dR  =[510 - 0.6(400) 1(9) = $2430 per day.
dt i

dx
When =9 units day &nd x = 600 units, dt

at L ()
== =[510-0.6 600 | 9 =$1350 per day.

V= x3,d—xdt :G,d—vdt = 3x? OI—th

When x = 2, v 3(2)? (6) = 72 cm® sec. ot/

dv

When x = 10, = = 3(10)? (6) = 1800 cm® sec. dt
/
dx dA dx
- 2 — = -
16. A=6x?, =6, =12

dA _155 6 =144 cm? sec.

0c )

(@ When x =2,

When x = 10, dA_ 12(10)(6) = 720 cm 2 sec. dt

Let x be the distance from the boat to the dock and y
be the length of the rope.

32 42 = 2
&y
=-1
dt
d
2xd_X'=2y—
dt dt
& _ ydy
dt  xdt

_ _ dx _5 _
Wh =5 x=4and =& =2(-1)=-1.25 mgec.
eny =5x=4and -2 4( ) 5

dx ...
As x — 0, =t increases.



ar L (e )
gt =[1200-2450 ] 23 =$6900 per day.
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18.

5 T ,‘
1)
|
—
y
5 _v
@ 2 =y-x =5y-5bx=2y
3 y=5x
5
y= 3x

Find dy when dx =15msecand x =3 m.

dt dt
dy _5dx
dt 3dt
dy = 5 15 =
m 2 ) 2.5 m/sec

d dx
(b) Find . (y-x)when == =15 m sec and
t

dt
dy =2.5m§ecwhen X=3m.

dt
d dy  dx
dt(y-x)= dt — dt

/
=25-155=1msec

19. x% +10% =¢2

dx _, 8
2xdt 2s dt
‘_:‘X = 5 Qs
dt x dt
Whens =26, x =24 and gs =384:
dt
dx 26

dt = 5(384) =416 km P/\

dx
20.s2=90% +x>,x =26, =-30
dt
st—s =2xd—X
dt dt
ds x dx
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21.(a) L2 = x2+y2 9 — 720, 9¥ =960, and

i
e =% jﬂﬂ—)f—l’ id_y& )
dt L

When x =240 and y =320, L =400 and

dt

4—— ) =1200kmp.

dt ) 400 )

y

A
y

X
(b) t =400 = lhr =20 min
1200 3

S =2250 +50 x + 0.35x
ds dx dx

dt =s0dt”  +070xdt
ds =50(125) +0.70(1500)(125)

dt
= $137,500 per week

23.V =xnr2h h=0025V =0025zr?,

24.

v _ dr
4 = 005mre

dr

Whenr =50and dt =4,

(1)

=0.057 (50) = ' =0.625¢ =~1.96 m® mip.

[EEN

av

dt \4)
P=R-C
=xp-C

= x(50 —0.01x) — (4000 + 40x —0.02 x?)

=50 x - 0.01x* - 4000 — 40X + 0.02x2

=0.01x% + 10 x — 4000
dP dx dx

dt =0.02x dt + 10 dt
dx
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When x =26,

ds ___26 When x=800and dt =25,

: / dp
=—dt =0.02(800)(25) + (10)(25) = $650/week.
dt = V90% +262 (-30) ~ —8.33 ft sec.
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P =R-C =xp-C =x(6000 - 25x) - (2400 x + 5200)

-25x2 +3600x - 5200

4P _ _5ox X, 3600 &
dt dt dt
dx _ 1 dP

dt 3600 - 50 X dt
dp

& 1
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When x =44and dt =5600, dt =3600-5044 (5600) =4 units per week.

dx dp

dx do

26. (a) For supply, if dt is negative, then dt is negative. For demand, if dt is negative, then dt is positive.

dp dx

dp ax

(b) For supply, if dt is positive, then dt is positive. For demand, if dt is positive, then dtis negative.

Review Exercises for Chapter 2

Slope x— 4 -
2

Slope = 42 =2

Slope = 0

S,Iop(a~_—2 =- 1

42

Answers will vary. Sample answer:
= 8; slope ~ $225 million/ yr; Revenue was
increasing by about $225 million per year in 2008.
= 10; slope ~ $350 million/ yr; Revenue was
increasing by about $350 million per year in 2010.

Answers will vary. Sample answer:

=10; slope~-20 thousand/ year; The number of
farms was decreasing by about 20 thousand per

year in 2010.
=12; slope ~ -10 thousand/year; The number of

farms was decreasing by about 10 thousand per
year in 2012.

Answers will vary. Sample answer:
=1:m ~ 65 hundred thousand visitors/month; The
number of visitors to the national park is increasing
at about 65,000,000/ per month in January.

=8:m =0 vnsnors/month; The number of visitors to

the national park is neither increasing nor decreasing
in August.

=12: m~-1000 hundred thousand/month; The
number of visitors to the national park is decreasing at
about 1,000,000,000 visitors per month in December.

8.(a) Atty,theslopeof g(t) is greater than the slope of

0 0)
f t, so the rafter whose progress is given by g t
is traveling faster.
(b) Att 2, theslope of f (t) is greater than the slope of

)
g t so the rafter whose progress is given by f t
is traveling faster.

(©) Att 3, theslope of f (t) is greater than the slope of
fow
g t so the rafter whose progress is given by

is traveling faster.
(d) The rafter whose progress is given by f (t) finishes

first. The value of t Wher(e) f (t) = 9 is smaller than

the value of twhere g t =09.

() ( H

9. f x =-3x-5; -2,1

f' )—Ilm —[—+—X1 —[—1

( X—0 X
lim =3 x+g-5-(-_3x_g
x—-0
=3 X
lim —x = =-3x-0
f'(-2) =-3

f(x)=7x+3;(-1,-4)

f'(x)= Hm flx=+ - f(x)

X
lim Z(x+x)+3 = (Zx+3)
x—-0 X
iim * X =7
x—0 X

fro-1=7

()
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() )

10.fx =X+ 9 318 f(x)
' copx+ x =f
PO = 1im T o o ) £/(x)

x—0 X
_ lim (_X+X_z_+9—_(X2 +91

x—=0 X
2 2 2
X +2X +|x! +9-x -9
= lim ——=2——.
X =0 X
2
. +
= lim XXX
x-=0 X

X0 X]
= iiFn 2X + X =2X

0O 0
f'3 =23 =
f(x) =x+8; (-5,2)

() = tim J 22X =L

)

6 f'(1)

X

Xx—-0 X
=lim ‘\/X+X+9—

x—0 X

L+ X+9+x+9./

.\k+9 e ———
X+ X+ 9+x +9Q/

i (x+x+9)- (x+9)

= lim : _
X0 |_\/x+ XFIFX+Q/ J

1 1

= lim =
x=0+/ X+ x+9+x+9 2/ x+9
1
f'(-5) = 4
f(x) = -1;(10,3)
()= limflx+x)-f(x)
x=0 X
=i x+x-1-x-1 Ex=l+ x—1
_1|Eno / 7 - -
J J
X X+ Xx-1+ x-1
=I|m ( ) ( ——
o -Xax=-1- _x-1
X X+ X=14+ x=1]
i L J
=in—— 1 L
3 J J
X+ x-1+ x-1 =2 x-1

ReviewExercisesforChapter2 150

¥ —T7x (1,-6)
1 x+x\1-f R
=lim M_)_-(_X)

x -0 X

i 2052700 0 - (e =7

x =0 X
2 ) 2 2

X 22X X+ (X)) -Ix-7x-x +7x
lim == i
x -0 X

2

lim 2X X (x) -7 x

x =0 X
. x[(2x+ x-7)
lim — -

x -0 X
lim(2x+ x-7)=2x-7
-0

2(1)-7=-5
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1.
(0 -—r7 6D

f(xxx)= ()

R e view Exer cis e s fo r Chapter 2

f(x)=9x+1

£/( x) = lim X =1Lx

POd= jim 0
x=0 X : ) )
1 1 Lox + #1F 9xs1
T T = lim X
= Jim X2Xx=5 x=5 x>0 X
x=0 CX , =lim &X+9 _x+1-9x-1
X 5 - _ X+ _X_= X0 X
5 A== T
v XX + X-=5 -5 =Iim9x
lim —_1—=___1 x.ao_)(
oo [x+x-5)(x -5] (X=5)2 lim9=9
-0
’ =_1
() f(x)=1-4x
1 Ex+ x-fx
f(x):x+6 f'(x)=lim -~ ——"—"—
| oo (=)
£/(x) = limf(x+x) - f(x) X
[1-4x+x]-1-4x
I
X0 X =lim [ —
- )
1 1 Xx-0 X
= lim. X+X+6 _ xug = lim 1-4%-4 x-1+4x
x—0 X
Xx—0 X
lim _[x+6);[x_+_x+6) - lim —4X
= e _—="7 bl
+6 x+6
ko0 X X+ x | = lim.o —4x-4
) _1 x—=0
=lim —_—
woo (x+ x+6)(x+6)
1
=- (x+6)°
/ 1 1
f'(-3) == e, == —=
(2.6 1
19.f(X)=- 8 o
2
) £Lxxx - ()
f'x =lim ° T
x-0 X
[ 1 .
Lt )2« v (. )
=lim - x4+ x + 2x+4 x -- x +
x—=0 AX

lim =2,x* -x( x)—izfﬂ +2X+2 X+t xo 2x

= x-0" X
1
lim —X[;Xi_2_X+ 2)
= x-0 X

151
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= XHO(—X—% x+2)=—x+2
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20.f(x)=3 - 1x
4
£ = lim S x) = f(x)
() x—>0" X _| (
3x+x _l(x+ X ﬁ%;-x\
= lim [= ’ [ R )
x—=0 X
346X x  +3 x;- Ly- 4 x-32 + 1y
= lim - (.4 4 4
x—=0 X
-1
i Hrs xim i
X‘)O - -X-
: | 6 ( % _1\
X X +3 x) - |
x—-0
X
1
= lim \(ex +3(X) ——-\\ =6 X-—
x—»Ok 4) 4
21.f(x)=  x-5
f'x =lim Loeend - 10
() x=0 X
= lim ﬂi_4—_5—¢x;_5i X + X_5+\‘/_X—5
x-0 ( X) ( ) \/X+X—5+X—\5=
. X+_X- 5 - X-
= lim T
e X[\/x+x—5+ x=6 )
= 1im - o —1
x—>0,\/X+ X-5+ \/X_s ?\/X—S
22. f(x) =/x+3 2 104

flxxx) - £ x)

= lim

JC
= lim L- e3]]- 773
)

x-0 X

R e view Exer cis e s fo r Chapter 2

5
“x
i 091
x=0 X
_5_ 5
Coxr x x )

<
1
o

~X

153
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1 \/; —__ -5 X_
=— XX X + X |
= lim

X = 2
JxooX+ X+ X X 5 5

= ||m ———— -
oo xX(x+ x) x®
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1
24.1(x) = e a

frp = im A= 10

x—=0 X
-1 _1_
. +AX + —x _+
= lim .XAX_4 .—=X=4
x—0 X

(x+4) - (x+ x+4)
lim __‘(x+4](x+‘ x+4)_

voo XX +4 X + X+4“
-1 __ —1
= Iim - DR R R ) — -
() ) (x4
x—0 X+4 x+ X+4

y is not differentiable at x = -1. At (-1, 0), the graph
has a vertical tangent line.

26. y is not differentiable at x = 0. At (0, 3), the graph has
node.

y is not differentiable at x = 0. The function is
discontinuous at x = 0.

y is not differentiable at x = -1. At (-1, 0), the graph

has a cusp.
y=-6
y'=0
f(x)=5
f'(x)=0
f(x)=x"
f/(x) =7x
h(x) = e
h(x) =x"ah'(
x)=-4x°
(===

>
o1

f(x) =

R e view Exer cis e s fo r Chapter 2

()= X
4
f/(x) =192y

y = 3x23y

- 2x-1/3

!

2
y = X}s

g (x)=2¢*+ 3¢
g'(x) =83 +6x
f(x) =6x% - 4x

f'(x)=12x-4

y=x2+6x-7Y
=2X+6

y=2x'-3C+xy

=8 -9x°+1
f(x)=2xY2; (4,
1) f'(x)=-x
/
-32
() ()
f'4 =-4  =-0125
(1 )
42.y = 7 + 3;|7,6]
2X 2 )
=2_X‘1+3
3
o=, 2. 3
y:— X = -
2 2X2
(1\ _3
v =" 2 =6
L2 2(3)

g (x)=x*-4®-6x+8;(-1,9)
g'(x)=3x*-8x-6
g'(-1)=3(-1)% -8(-1)-6=5

y =2x* -5 +6x% -x;(1,2)
y' =8x -15x> +12x-1

f'(x) =8x
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y'(1) =8(1)
8 _15(1)% +
12(1)-1=4

g'(t) = 48t°

R e view Exer cis e s fo r Chapter 2

45.f'x =4x -3 10
)
f'2 =5
y-3=5x -2 7 2 3)
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46. y =44x3 - 10x 20
y' -1 =-34
(J)
y-T7=-34x+1 —

C )
y = -34x- 27 ,

47. 1(x) = - S =xt —Xa2
YAV~
/
f'x = lX-12 +lx-32
() 2 2
1

y-0=1x- 1 evﬁf/xu.oooooq-p 0)
(

Py o= dxpso1= A= 1
(] 3 3Yxe
frge Al __q-d 4.1
() 3:”(—812 12 12
11
-6=-12 (x+8)
11 22

-10 o 3
N

4

R=-0.5972t°% +51.187t 2 - 485.54t + 2199.0

d—Rdt =R'(t) =-1.7916t2 +102.374t - 48554

2008: R'(8) = m=218.8
2010: R’(10) = m = 359.0

Results should be similar.

The slope shows the rate at which sales were
increasing or decreasing in that particular
year, or value of t.

In 2008, the revenue was increasing about
$218.8 million per year, and in 2010, revenue
was increasing about $359.0 million per year.

ReviewExercisesforChapter2 157

N =0.2083t* -7.954t3 +11.96t2 - 706.5t + 3891

d—th =N'(t)=0.8332t3 -23.862t% +23.92t - 706.5

2010: N '(10) = m =~ - 2020.33
2012: N'(12) = m~ - 2415.85

Results should be similar.
The slope shows the rate at which the number of farms

was increasing or decreasing in that particular year,
or value of t.

In 2010, the number of farms was decreasing about

2020.33 thousand per year, and in 2012, the
number of farms was decreasing about 2415.85
thousand per year.

f(t)=4t+3;[-31]
Average rate of change: )

fi-f-3 I-—_
1--3 = 4 =4
()
Instantaneous rate of change:
()
f't =4
()
f'1 =4
)
f'- 3=4
52. () [ ]
x=x2+3x—4; 0,1 0- (-4
Average rate of change: f(%) - = L =4
@ _
1-0
Instantaneous rate of change:
()
f'x =2x +3
)
f'ly =5
(
f'0 =3
f(x)= x?3: [1,8] =4-1=_ 3
7 7

Ri _
Average rate of change: 8 _

Instantaneous rate of change:

2
f(x) =3B
) -4
f'(8) =3
fr1 =2
0 3
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f(x)=x*-—x% +3;[-2,2]
fQ2)zf(-2 - (&A@
Average rate of change: _-L-)"_( ) =81, 4
2-(-2) 4
Instantaneous rate of change: f (x) =3x ‘—2x

’

f(-2) =16
s(t)=-4.9t2 — 10t + 200

(a) Average velocity = s(3)-s(1) _12291851 _ o44, sec

3-1 2
v(t) =s/(t) =— 9.8t — 10 v(1)
=-19.8 m/sec
v(3) =—39.4 m/sec
(c) s(t)=0
4.9t%2 —10t+200=0
4.9t2 +10t-200=0 "
t= 10+ J0? —4(49)(-200) =10+ 4020
2(4.9) 9.8
~5.45 sec

v(t) =5'(5.45) =~ 9.8(5.45) — 10 = - 63.4 m/sec

(@ s(t)=-49t2 +84 C 20000+ 450 -2 0 < x<225
v(t) = s'(t)=—9.s8t d_c=45072x
dx
s(2)-s(0
(b) Average velocity = o
644 -84 C =370 +2.55 x/& 370 +2.25x2
2 i —_
dC _Loss)(x1?) =LF75
/ /
—9.8m sec dx » 3
v(t) =-9.s8t ’
(2) = 196 m/ C =475 +5.25x
v = —19.6 m/sec
/ dC -5252yys) =35
- | | 3
v(3) =—29.4 m/sec . G :
s(t) =0 15 06
4ot +84=0 dR =150 — 1.2x
49t% =84 dx
{2 =84
= 5
4.9 R =150 x — =4 x
~4.14 sec
d_R =150 73x
v(4.14) = 40.6 m/sec
dx 2

C =2500 + 320 x R 4x3 +2 x2 100
+ = — + X
dC

~dx =320 drR
dx =-12x% +4 x + 100
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R =4x + 10 X2

d_Rdx =4+x§12

P = - 0.0002x3 + 6x% - x — 2000

d—de =-0.0006x% + 12 x - 1

1

P =-15 x> +4000 x> - 120 X - 144,000

dﬁxz_tsooo_x_—_m

dx~ 5
P =-0.05x% +20x - 1000

Find d—de when x = 100.

U =-0.1x+20=P'(x)

When x =100, g =P'100 =$10.

dx ( )

(b) Find . for 100 < x < 101.

P 101 _-P100
101 - 100 =509.95 - 500 = $9.95

Parts (a) and (b) differ by only $0.05.
P =-0021t2 +2.77t + 148.9

P(0) = 148.9
P(4) = 159.644
P(8) = 169.716
P(12) =179.116
P(16) = 187.844
P(20) = 195.9
P(23) = 201.501

These values are the populations in millions
for Brazil from 1990 to 2013.

d—Pdt =-0.042t+2.77=P'(t)

P'(0) =277

P'(4) = 2.602
P'(8) =2434

R e view Exer cis e s fo r Chapter 2

69. f(x)=x"(5-3¢) =5¢ -3
f(x)=15x% - 15x* =15x% (1-x?)
Simple Power Rule

70. f(x)=4% (202 -5) =8x* -20%2
f/(x)=32x° - 40x=8x(4¢ -5)

Simple Power Rule

o () )

=4x-3 x3 —2x2
y' = (4x-3)(3x - ax) + 4(x* - 2x2)
12x3 - 25%% +12x+4x3 - 8x2

16x° - 33x% + 12x
Product Rule and Simple Power Rule
1 ,
72. s =|(4- = a “o3t) = (a-t "y P-3)
L t)

s'= 4-t72 (2t-3) +t? -3t 2
( ) C X

)

8t-12-2t-1 +3t2 +2t-1 -6t-2
8t-12-3t-2

Product Rule and Simple Power Rule

73.9(%) =

g’(x) =Tx+3)(1)- x(1)
2

(x+3)
g(x) =
(x+3)°
Quotient Rule and Simple Power Rule
f(x):Z;ﬁx
x+1
[Bx+1-5- (2-5x3
f'(x) = ( X+ 1
)
_-15x-5-6+15x
f’(x) - = 3x+1Z
( )
11
f’(x)=- 3x+1;
( )
P'(12) = 2.266
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P'(16) = 2.098 Quotient Rule and Simple Power Rule

P'(20) = 1.93
P'(23) = 1.804

These are the rates at which the population of Brazil is
changing in millions per year from 1990 to 2013.
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((-8%=5
2,0
xi+1(61— (6x-75)(2
X
MO WP
( +)
X
6+ 10X - 6 X2

1}
+

Quotient Rule and Simple Power Rule

rxsl
76. f(x) =
X2 -1
f x= ( ) ( )—
2 —1{2x+1) - 2 4+x -1(2x)
/()

(2 -1

X
253 +x% - x-1-2x3 - 2%% +2x

(-1

S SR R G|
e e
Xz -1 X2 -1

Quotient Rule and Simple Power Rule

f(x) = (5% +2)°

f/(x)=3(5x2 +2) 2(10x)

30 x(5x. +2) 2

General Power Rule

() C )
781 x =% -1= x2 -1’1,
fx =12 -1 ) 723 2 = 2Xx
/
(b C )Yy ( )s
3 3x? -1
General Power Rule
79.
/
h x =—2-—- =2x+1 12
() C )
Xx+1

(

R e view Exer cis e s fo r Chapter 2

6

s B 2 4

80.g(x) = (3@ -5) ¢ = 6(ax -5x)

g'(x) =6(-4) (3x2 - 5% )-°(6x - 5)
24(6 x - 5)

3x2 - Bx °

General Power Rule

81.g(x)=x Vx2+1=x(x +1)/12

g’x)=X l[x2 +1’J/2(2x—| +1x2 +1¥
( LZ ) ) vJ 3¢ )
=32 4112+ x +1]
(Lt )
22 +1
2 .1

Product and General Power Rule

) 1-t
[[ J[) 0( )20 )
1-t 1 -t3 1-t -1
g'(t) = 1-t 5
_ ( )
Q=) 31 -t)?
(1-1)°
ﬂ;tli&=_ti
1-t .1 1-t.

)

()
Quotient Rule and GeneraI(Power Rule
f(x) = x(1- 4% )?
£/(x) =x(2)(1-4x )(-8x) + (1 - 4% )?

~16% (1-4% )+ (1-4x)?

(1-2%)]-16x + (1-4x)1]
C ) >

1-4x21 - 20x?
Product and General Power Rule
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h’x]=2—;\x+1‘32
o)
1

1)

General Power Rule

R e view Exer cis e s fo r Chapter 2

(1)

= 2_5= 2 —15
84. f(x) X +X (x +x)

U
/(%) =5(x +x1)*(2x-x2)
2 D)
= 5% ol 71
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(y L ¢ )s )

85. hx =[x 2x+3 =Xs 2x+3,

h'(x) =xs (L3(2 X +]§)2 (2)—IJ +6xs (2x + 3)3

6x°(2x+3)%x+ (2x+3 J

18x° (2x+3)? (x+1)

Product and General Power Rule

f(x)=|—(x—2)(x+4)—|2
(G ( )¢ J)LC ) ( )]
f'x =2/ x- 2x +4 | x -2 + x+ 4|

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

4(x-2)(x+4)(x+1)

Product and General Power Rule

3t +1 ,( 1
3+l
89. h(t) “h-m) C (1—3t 2

(1) = =3)’ 22Es1)" 2 (3)- (3t 1) (20
= 3)(=3) (1-3)*

(3t+ )F2M(1-31)(32) + (3t+1)6]
“1-3t 5

=_3ﬂ—+(__~23_

o3te11-3t s

Quotient and General Power Rule

© 3x+1?
90.g(x):( ] _ (Pem—
X2 +1 ( ) ]2
g00 =t ) o+l (
2 2()( )0) (
X +1 23x+1 3 - 3x+12x

6(x +1)? (3x+1) - 4x(3x+1)>[x2 +1)

O [Nl I

)(2+14 )-
2(3x+1) y++ 1_3x=-2x+ 3
I |
X2 1s
203x+1) - 2—2x+3
- I T I
x2 +1

Quotient and General Power Rule.

) ( ) (

)
5x2 x —1%+2x x -1°

—_
>
1

( ) L ( )
xx -1,[5x+2x -1]
(G )
= XX -1:7x -2

Product and General Power Rule

88.

[ee]

/
f(s)=s (s -1)°2
32
'(5)=53(2§)(52 —1)3/2(25)+352(sz —1)5/2

/
=s?(s%-1)%2[]5s2 +3(s* -1)1J

S2 (S 2 - 1)3/2 (882 - 3)

Product and General Power Rule



Chapte r 2 Differentiat i on

_1300 4
91, T =t?+2t+25 =1300(t? +2t+ 25)

T/t =-1300t2 +2t+25-2 2t +2
0 ¢ | |
2600t + 1

= (t2+2 +25)?

(@ T'1=-32~ 663Ffr
0O 49

T'(3)=- L 6.5°F hr

~ -1.36°F/hr

(b)

60

24

The rate of decrease is approaching zero.

When L =12,
L 12 3
=16 (D-4)*=16 (D-4)*=4 (D-

WhenD=8, = | | (8-4)=6board ftin.dD
\2)

(b) When D = 16,

| 3l
v :(é\[16—4 )=18boardfti/1.
o 2
(c) WhenD =24,
o (3\ .
- | = -4) =30 board ft in. /
o \2)
(d) WhenD =36,
v (3)

—_ =l s _4) =48 board ftin. /
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95' f/’IX _3 =_3X—4
-X4
£ (4 (%) = 12xs
£ (8) (%) = -60x-
60

¢()
s (x) =360x-7 = X'

v /
9. f(x) x =xt?
, 1
f x] ==X,
( 2
o
f(x) =- ax-32
III( ] 3 -
f X = /'
8
f(A)(X] x5z L
15
= X-72
f=m
() =-16 16x72
97. f’[x )=8X52
£ x F 20x3?
(
frx  =30x¥2
15
() =152 = 3
X
()

98. f" x =93/x =ox!A
/

f”’(X) =3X_23/
f(4)(x)=—2>(‘53 ) /
(60 = 8yes= 10

3 3X8 3

3

2 2 1
99. f(x) =x +x =x +3x

fy =2x-3x2

lo

t(x) =2+6x3 = 2+ X3
100. ()
4 2 4 3
fr" x =20X —X3‘=20x - 2X

(4)
i 2/
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93. f(x)=3x® +7x+1 f o (x)=80x +6x 5
(0(x) =240¢ - 24x5 =240%% - 5
f'x =6x+7
(
f" x =6
()
94. f'[x )=5X4—6x2+2x
3
oy )=20x -12x+2 )

(

(
fr, =60x% -12=125x° -1
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@ s(t)=—49t2+15t+10v(t)
=s(t)=-98t+15a(t)
=v(t)=s"(t)=-9.8

(b) s(t)=0=-49t% +15t+10

Using the Quadratic Formula, t = 1.59 seconds.

v(t)=s(t)=-98t+15
v(1.59) = ~14.08 m/sec

a(t) =v(t) = - 9.8 m/sec?

1

102.s(t) = — =(t +1)2
t2 +2t+1
vi=s't =-2t+1 73=——2—
O O ) @)
' -6
a(t):v(t) :6(t+1)74 14
()

X +3xy + y3 =10

ox+ Y +3y+3y2 -
dx dx
dy 3x+3y? )=—2x-3y

ReviewExercisesfor Chapter2 151

y- =X-y
ol g O

-1= 3(x-2)

y= 3x+ 3

a3+ 3yV2=10 Z3 x 234 32
y 2 =0
dy = dy
dx 9

At (8, 4), c_jde == 92.

dx
d —2x-3y __2x+3y 2
e T y-4=-9-(x-8)
dx  3x+3y ( ) :—92x+29
X2 +9xy+y2 =0
2x+9y+9xM +2yg¥-:O yZ2 —2x=xy
dx dx d dy
dy 2y -2=X +y
(x+2y) =-2x-9y dx dx
dx
dy
d —2x9y 2x+9y
ay = 9x+2y = Ox+2 @y =)o =y+2
S R &y _ y+2
P dx 2y-x
105. y* —x° +8x—-9y-1=0
dy 4
2y¥ _px+8-9 Y=g A2 -
dx dx a3
(2yf9)gy =2x—8 ~2=43(x-1)
dx
dv _ 2x-8 4
dx 2y-9 y=3"x+-3
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y2+x2—6y—2x—5=02y

dy &,

dx— +2x-6dx

dy

(2y-6)=2-2x
& 222x Ll

dx 2y—-6 y-3
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110. yP —2x%y+3xy? =1
3y2dJ —ZXZQ\[ —4xy+6xygy+3y2:0
dx dx dx
%:(3y2 - 2x2 +6xy) =4xy—3y?
dy = 4w-3y®
dx 3y2—2x2+6xy
At (0, 71),gy =-1.
dx
+1=-1(x—0)
y=-x-1
A=nr?
dA :27tr‘m
dt dt
(@) Find dR whenr =3cmand 4L =2 cm min,

dt dt
d

dA _ - 2
=2z 32 ) 127 cm ymn
dt (X

37.7 cm? /min

Find dAdt when r =10 cm and mdt =2
dA /

dt = 2x (10)(2) = 40z cm? min

125.7 cm? /min

cm/min.

P =375x—15x% -
ax dx

dt =375dt —3.0xdt

dP e 75 - 3.0(58) (2) = $450/day

OI—pdt & 375 —3.0(108) (2) = $150/day
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Let b be the horizontal distance of the water and h be the
depth of the water at the deep end.

Thenb =6hfor0<h<2.
1

V = bh6  =3bh=36hh=18h?
, O ()

dv - 364 d0

dt _ _dt

dh 1 dv _l() -+

dt "36hdt “36h © " 1gh

gh _1 _1
Whenh =1, dt = 181 = 18 rr/min.
0)

P=R-C

xp—C

x(211 - 0.002x) — (30 x + 1,500,000)
2
gp  181x50.002x* 1,500,000

dt =181 dt —0.004 x dt

dP

dt 3 181 - 0.004(1608§ (15) = $2619 week
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Chap(te]r 2 Tes(t Y)ou rself
1. f x =X +3;312

x+ x_—f

f’(X) = lim iL—_]-_(il
x-0 X
- lim Lx+x)2—.+3— ‘ X2 +3)_
x-0 X
i e £2x x+(x)2+3- [x +3)
= lim— - - I
X— 0 X
22 (o
= lim —
x—=0 X
[2x+( A
= lim —
x—=0 X
= lim2x+ X
x—-0
=2X

At(3,12):m=2(3) =6

f(x) =x ~&; (4,0)

jim £z = (0

_..
<
1]

( ) x—0

X

X

= lim

x—-0

X+ X- X

I}
§.
>

At (4,0):m= 2‘1—3.E=l4

ft)=t3 +2t
/() =3t +2
4. f(x)=4x% -8x+1

f'(x)=/8x-8 "/

/ / i

R e view Exer cis es fo r Chapter 2

f(x)=(x+3)(® +2x)

f(x)=x> +5x% +6x
f'(x)=3x° +10x+6
(Or use the Product Rule.)

f (%) =5 +x) =5xY2 + x¥2

/ / v
(, 2 +3x = 5 43X
f'x =x
-12 12
2 2 2\/; 2
f(x)= (3¢ +4)2

f'(x) =2(3x2 +4(6x)
)
=36 %> +48x
10. f(x) = /1-2x = (1-2)"?

1
f'x = ~ 1-92x 2-2

153

)
() 2( ()
—L
=- 1-2x
bx—=1
1. f(x)= " -
J)O € )
f'x = X 7 -
X35X—1__5;i;13
) _
X2
(g 1) e £5x-n]l
N
Bx-1,10x+1
12. f(x) =x-1 4
X
f'x 1
()
i(z -6 (1,0
f'1 =1+= =2
0 1 ) =
f{x)zx32+6x12
f/(x)=§X12 +3X_12 3 X +_3
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y-0= 2x-1
2 2
2 S _ .2 .3
6. f(x)=5x" - —5 =5 -3
X
! -4 9

f(x)=10+ 9x =10X+x4

y

R e view Exer cis es fo r Chapter 2

=2X-2

153
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\ , (o 2X+1
S =—2.1083t° +70.811t% — 777.05t + 2893.6 () = o1
S
for 10<t<12t (2x=1)(2) ~(2x+1)(2)
2
/ = 2x-1
$12 -S10 ) (2x-1)
—a
12-10 2 T oox—12
. C
$13.3708 billion” yr = 49— 172
S(t) = 6.3249t 2 + 141.622t — 777.05 « )

" 3 4
2010: $'(10) = $6.68 billion/ yr t(x =8(2x-1) "(2) =16(2x1)

frroy=-482x-1* 2 =— _ 96

2012: $(12) = $11.6284 billion Jr 0) ( ) () (2x-1)*

The annual sales of CV'S Caremark from 2010 to 2012
increased by an average of about $13.37 billion per
year, and the instantaneous rates of change for 2010

s(t)=—4.9t2+10t+25

15.

and 2012 are $6.68 billion per year and $11.63
billion per year, respectively.

P = 1700 — 0.016x, C = 715,000 + 240 X
Profit = Revenue — Cost
Revenue: R = xp
=x(1700 - 0.016x)
R = 1700 — 0.016x°
P=R-C
= (1700 x - 0.016 % ) — (715,000 + 240 x)
P =—0.016x2 +1460x — 715,000

d—de =-0.032 x + 1460 = P'( x)

P(700) = $1437.60
f(x)=2x% +3x+1
f/(x) =4x+3
f(x) =4
fr(x)=0

f(x)=-B8-x=(3-x)"2

f’x :lex 1 71:73(37x,{2
2

2
()() (1-( -1)\<(>)3/2 1) )1'( y 1
f(x =— - 13X -1) =-— 3-X
L 2) 4
() 30 e )
4\ 2)
(3 X)fs/z
,8 _
3

v(t) =s(t)=-9.8t+10

a(t)=v(t)=s"(t)=-98

Att = 2. 5(2)=254m
v(2) = - 9.6 m/sec
a(2) =— 9.8 mec?

X+Xxy =6
dv
1+ +y=0
de y
dy g
de y
dy - _y+1
dx X

y2 +2x—-2y+1=0
2yd—Y w22 L -9
dx

dx

dy

k(2y-2)=-2
dy 1
dx =-y-1

4 -3y% +x3y =5
8x—6yg¥ + X 3d13x2y =0
dx dx
—pyQ +x3dY, = 8x-3x?%
ax dx
dy
3

(x f6y)dx :f(8x+3x2y)
B TBXF3RZY

dx X3 =By
& _ 8x+3x%y  x(8+3x)

3

dx 6y—Xx 6y—X
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V =nrh =20mr?
dv dr

_— 2—
dt =60Tr dt

(@) (b)



av o)
gt =60m 0.5, 025=375tcm®/min

&V _gon1 ,0.25 = 151 cm® / min
dt 0 )



