Chapter 1 The Derivative

2 17 1
y—n =m(x—x1)$y+§:§(x——j:

The Slope of a Straight Line
y =3—"7x; y-intercept: (0, 3), slope: =7

7,3
3w+l 31 1 Y=37 %0
.y= =—x+—; y-intercept: | 0,— |,
5 5 5 5 5 5
3 11. (7,5j and (—7,—4) on line.
slope: =
s yo-y  —4-5 -9 63
slope = —=——= s = " 10=1n
_ _ _x+3 _l é Xz—xl - == - 10
x=2y-3=y=—-=y=—x+—; 707 7
2 2 2 5 63
3 1 Let (xl,y1)= =5, m=—.
y-intercept: (0,5), slope: 5 7 10
- —m(x—x)=> —S—Q(X—é)
y=6= y=0x+6; y-intercept: (0, 6), rN AR ARRET S

slope: 0 |
. | 12. (—,1) and (1, 4) on line.
y==—=-5=y= 7x —5; y-intercept: (0, —5), 2

7 —y, 4-1
1 SlOpeZMZ—IZ%:6
slope: 7 Xy — X 1_5 1
Let (x,3,)=(1,4), m=6
—4x -1 4 1
4x+9y=-1=y= = y=-gr=gs y=y=m(x-x)=y-4=6(x-1)=
1 4 y=6x-2

yrintereept (0’_5)’ slope =~ 13. (0,0) and (1, 0) on line.

-y 0-0
. slope=-1, (7, 1) on line. slope=L=—=0

Xy —Xp 1-0

Let (x,y)=(7,1),m=—1. y=0=0(x—0)= y=0

y—ylzm(x—xl):y—lz—(x—7):>
y=-x+8 14. (—l,—l) and (g,l) on line.
. slope =2; (1, —2) on line. 2" 7 3
Let (x, y) =(1,-2), m=2.
y—y1=m(x—xl):>y+2=2(x—l):>
y=2x-4

. slope = %; (2, 1) on line.

y=y =m(x—x;) y—lzﬁ(x—%):
Let (x,»)=(2,1); m=l. ! ! 49 3
2 48 17
1 YT 40"
y—y1=m(x—x1):>y—1=5(x—2):> 4949
1 15. Horizontal through (2, 9).
yEor Let (x;,;)=(2,9), m =0 (horizontal line).
7 . 2 Y= =m(x—x1)=>y—9=0(x—2)=>
. slope =§; (Z,—gj on line. y=9
1 2 7
Lt s el B el B =7
C (.xl yl) (4 5) m 3
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16.

17.

18.

19.

20.

21.

22.

Chapter 1 The Derivative

x-intercept is 1; y-intercept is —3. 23. Parallel to y = 3x + 7 ; x-intercept is 2.
Eﬁ: intercepts (1, 0) and (0, —3) are on the slope =m = 3. Let (xlayl) = (2, 0).
- 3 y=y=mlx—-x)=>y-0=3(x-2)=
Slope=u=ﬂ=3=m —3;—6( 1) ( )
Xy — X1 0-1 y=
y-intercept (0, b) = (0, —-3) 24, Parallel to y —x =13 y-intercept is 0.

y=mx+b=y=3x-3 y=x+13,slope=m=1,b=0.

x-intercept is —; y-intercept is 1. y=mx+b=y=x
The intercepts (~7,0) and (0, 1) are on the 25. Perpendicular to y +x = 0; (2, 0) on line.
line. y+x=0=y=-x=slope=m =-1
slope=y2_y1= 1-0 :i my-my=—1=-1-my=-1=m, =1
X,—x, 0-(-7) =« Let (x2,¥,) = (2,0).
y-intercept (0, b) = (0, 1) Y=Yy =my (x—xz) =y-0=x-2=
y=x-2

X
y=mx+b=y=—+1

7 26. Perpendicular to y =—5x+1; (1, 5) on line.
Slope = 2; x-intercept is —3.

i > ) slope = m; = -5
The x-intercept (-3, 0) is on the line.

Let (x]’yl) = (_350)am =2. my-my = -1= _57’}12 =-1= m, =%
y-y=m(x—x)=y-0=2(x+3)= Let (xy, 1) = (L5).
y=2x+6
—yy=my(x—x,)= —s—l(x—l):

Slope = —2; x-intercept is —2. Yo =W mh)= T =y
The x-intercept (-2, 0) is on the line. 1 24

y==x+—
Let (xl,yl ) =(-2,0),m=-2. 5 5
y=yn=m(x-x)=y-0==22(x+2)= 27. Startat (1, 0), then y
y=-2x-4 move one unit right

and one unit up to
Horizontal through (xﬁ ,2). (2, 1).

Let (xl,yl) = (\ﬁ, 2), m = 0 (horizontal line).

=N =m(x—x1):>y‘2:0(x‘\ﬁ):> 28. Startat (-1, 1), then

y=2 move one unit up and

. two units to the right.
Parallel to y = x; (2, 0) on line. &

Let (x,»,)=(2,0); slope=m = 1.
y=n zm(x—xl):>y—0=1(x—2):>

y=x-2 29, Start at (1, —1), then move one unit up and
Parallel to x + 2y = 0; (1, 2) on line. three units to the left. Alternatively, move one
1 1 unit down and three units to the right.
x+2y=0=>y=——x;m=—— y
2 2
Let (xl,yl) =(1,2). 4

1
y-n =m(x—x1):y—2:—5(x—1):

1.3
YETRNT,
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30. Start at (0, 2), then move zero units up and any

31.

32.

33.

34.

3s.

36.

37.

distance (for example, one unit) right.
y

(1, 2)

(0,2)

(a)~(C) x- and y-intercepts are 1.
(b)—(B) x-intercept is 1, y-intercept is —1.
(c)—(D) x- and y-intercepts are —1.
(d)—(A) x-intercept is —1, y-intercept is 1.
x+2y=0= ——lxzwn——l

y y 5 )
The slope of the line through (-1, 2) and

1
3,b)isalso ——..
(3,b)1i 2

me—to P72 4 p_4sp=0
2 3-(-))

m= l, h=3

3
If you move 3 units in the x-direction, then
you must move 1 unit in the y-direction to
return to the line.

m=2, h= l
2
If you move % unit in the x-direction, then you

1 . o
must move 3 2 =1 unit in the y-direction.

m=-3,h=.25
If you move .25 unit in the x-direction, then
you must move —3-.25=—.75 unit in the
y-direction.

2 1

S oh=—
3 2

m=

r .. I
If you move 3 unit in the x-direction, then you

12 1 .. L
must move —-— = — unit in the y-direction.
23 3
Slope =2, (1, 3) on line.
X = 1, V= 3

Ifx=2,then y-3=22-1)= y=>5.
Ifx=3,then y-3=23-1)=>y="7.
Ifx=0,then y-3=2(0-1)= y=1.
The points are (2, 5), (3, 7), and (0, 1).

38.

39.

40.

41.
43.

44.

45.

Section 1.1 The Slope of a Straight Line 29

Slope =-3, (2, 2) on line.

xX1=2,y=2

Ifx=3,then y-2=-33-2)= y=-1.
Ifx=4,then y-2=-3(4-2)= y=-4.
Ifx=1,then y-2=-31-2)= y=5.
The points are (3, —1), (4, —4), and (1, 5).

£ (1)=0=(1,0) lies on the line.
/(2)=1=(2,1) lies on the line. Thus, the

=1.Ifx=3and

slope of the line is

y=f(3), then l=;/—_21:>1=y—1:>y=2_
Thus f(3)=2.
First find the slope of 2x + 3y =0.

2x+3y=0=>3y=_2x=>y=_§x=>
2

m=-—
3

Now find the slope of the line through (3, 4)
and (-1, 2).

Since the slopes are not equal, the lines are not
parallel.

I 42. I,

Slope =m =-2
y-intercept: (0, —1)
y=mx+b
y=-2x-1

1
g y:%.r«(»l

10,1

=3,0)

Slope =m =

y-intercept: (0, 1)
y=mx+b

1
=—x+1
Y73

a is the x-coordinate of the point of
intersection of y =—x + 4 and y = 2. Use
substitution to find the x-coordinate.
2=—x+4=x=2

So a = 2. f(a) is the y-coordinate of the
intersection point. So fla) = 2.
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47.

48.

49.

50.

Chapter 1 The Derivative

a is the x-coordinate of the point of
intersection of y=x and y = %x +1. Use
substitution to find the x-coordinate.
x=%x+l:>%x:1:>x:2

So a =2. fla) is the y-coordinate of the
intersection point. Substituting x =2 into y = x
gives y = 2. So fla) = 2.

C(x)=12x+1100
a. C(10)=12(10)+1100=$1220

b. The marginal cost is the slope of line.
Marginal cost = m = $12/unit

c. It would cost an additional $12 to raise the
daily production level from 10 units to 11
units.

Clx+1)-C(x)
= (12(x +1)+1100) - (12x +1100)

=12x+12+1100-12x-1100

=12
$12 is the marginal cost. It is the additional
cost incurred when the production level of this
commodity is increased one unit, from x to
x + 1, per day.

Let x be the number of months since January 1,
2015. Then (0, 2.19) is one point on the line.
The slope is —.04 since the price fell $.04 per
month. Therefore, P(x)=—-.04x+2.19 gives

the price of gasoline x months after January 1,
2015. On April 1, 2015, 3 months later, the cost
of one gallon of gasoline is:

P(3)=-.04(3) +2.19 = $2.07 / gallon. So, 15

gallons cost 15-2.07 = $31.05.

On September 1, 2015, 8 months after

January 1, the cost of one gallon of gasoline is:
P(3)=-.04(8)+2.19 =$1.87/ gallon. So, 15

gallons cost 15-1.87 = $28.05.

Let y be the value of monthly exports in
millions of dollars. Let x be the number of
months since Sept 1, 2003. Since the rate of
change of y is constant, we conclude that y is a
linear function of x whose slope is equal to its
rate of change, m =42.5. On September 1
(when x = 0), the value of monthly exports
was 0 dollars, since the ban had just ended. So
the point (0, 0) is on the graph of y. Using the
point-slope form, we have
y—0=425(x-0)= y=42.5x.

The end of December 2003 corresponds to
x =4, at which time the exports had reached
the value y =42.5-4 =170 million dollars

. Let x = the cost of order. Then

C(x) =.03x+5.

. a. The points (7.25, .2) and (8, .18) are on

the line. The slope of the line is
Yyo—y _ 18-2 2
X,—x, 8-725 75
Let (x;,»;) = (8,.18). Then, the equation
of the line is

Yy=n" :m(x_xl)

2
y—.18= —%(x—S)

__2. ..
=95 150

2 59
Thus, =——Xx+—.
0 =75 150
b. Let O(x) =.1 (10 employees per 100) and
solve for x.
2 59
d=——x+—
75 150
22 2
——=—-—x=x=11
75 75
The hourly wage should be $11 in order
for the quit ratio to drop to 10 employees
per 100.

m=

. The points (2.10, 1500) and (2.25, 1250) are

on the line. The slope of the line is
Y=y _1500-1250 5000
X, —-x, 2.10-225 3 °
Let (x;,»,)=(2.10,1500). The equation of the
line is
y=y=mx-x)

m=

y—1500 = —Sg’ﬂ(x—Z.IO)
y=- 5000 x+5000
G(x)=- 5000 x+5000
Now find G(2.34):
5000

G(2.34)=———(2.34)+ 5000 =1100
3

gallons.
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54.

5S.

56.

57.

58.

59.

60.

Solve for x:
G(x)=2200= —Szﬂx +5000

x= —2800(—i) =1.68
5000

The owner should set the price at $1.68 in
order to sell 2200 gallons per day.

a. C(x)=mx+b
b =$1500 (fixed costs)
Total cost of producing 100 rods is $2200.
C(100) = m(100) +1500 = $2200 > m =7
Thus, C(x)="7x+1500.

b. Marginal cost at x = 100 is m = $7/rod

¢. Since the marginal cost = $7, the cost of
raising the daily production level form
100 to 101 rods is $7. Alternatively,

C(101)- C(100) = 2207 - 2200 = $7.

Each unit sold increases the pay by 5 dollars.
Thus, the slope is her pay per unit sold. The
weekly pay is 60 dollars if no units are sold.
Thus, the y-intercept is her base pay.

If the monopolist wants to sell one more unit
of goods, then the price per unit must be
lowered by 2 cents. No one will pay 7 dollars
or more for a unit of goods.

x = degrees Fahrenheit, y = degrees Celsius, so
the points (32, 0) and (212, 100) lie on the
line.

= 100-0 100 _5
212-32 180 9
Now find b:

y=mx+b:>32:§(0)+b:>b:_%.

9 5 160
Thus, y==x+32. y==(98.6)—— =37
us, y =¥ y 9( ) 9

98.6°F corresponds to 37°C.

The point (0, 1.5) is on the line and the slope is
6 (ml/min). Let y be the amount of drug in the
body x minutes from the start of the infusion.
Then y—-1.5=6(x-0)= y=6x+1.5.

Eliminating 2 ml/hour means that the rate is
—% ml/min. (The rate given in exercise 59 is

inml/min.) y = 6x+1.5—ix =mx+1.5
30 30

61.

62.

63.

64.

65.

66.

Section 1.1 The Slope of a Straight Line 31

The diver starts at a depth of 212 ft, which is
represented as —212. Thus, the function is

y(t)=2t-212.

First we must determine how long it will take
the diver to reach 150 feet depth.
-150=2¢t-212= 62 =2t =t =31 sec
The diver must then rest for 5 minutes or
5-60 =300 sec, which is 331 sec after she

started ascending. The remaining depth can be
determined by y =2(t-331)-150 = 2¢ - 812.
Thus, the function giving depth as a function
of time is

2t—212 0<¢<31
y(1)=1{-150  31<r<331

2t—-812 =331
The first 62 ft will take the diver 31 sec to
ascend. To determine how long it will take the
diver to ascend final 150 ft, solve
150 =2t = ¢t =75 sec. Therefore, it will take

the diver 31 + 300 + 75 = 406 sec to reach the
surface.

a. C(x) =7x+230
b. R(x) =12x

C (x) =R (x) =
Tx+230=12x=230=5x = x =46

The business will break even when 46 t-shirts
are sold.

S(xp) = f(xp)
X2 =X
LOOZICD o ) f) = mx-x,)

x_xl
Sx)=m(x—x)+ f(x})
=mx + (—mx| + f(x;))
Letb= —mx; + f(x;). Then f(x)=mx+b.

Using = m and the hint,

a—C.

fB+m-fB) _fB+h-2
3+h-3 h
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67.

68.
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The points (0, 54) and (36, 66) lie on the
line.
slope = Y= _66-54 _1

Xy — X 36-0 3

y—54=%(x—0):>y=%x+54

Every year since 2014, %% =.33% more
of the world population becomes urban.
The year 2020 is represented by x = 6.
f(6)= %(6)+ 54 =156
Thus, in 2020, 56% of the world’s
population will be urban.

1 1
72=§x+54=>18=§x=>x=54

72% of the world’s population will be
urban 54 years after 2014, or in 2068.

(20,000, 729) and (50,000, 1380) on line.
-y 1380729

slope = =
X, —x;  50,000—20,000
_ &L .0217
30,000

»y—1380=.0217(x—50,000) =
y=.0217x+295

[0, 75000] by [0, 2000]

For every increase of $1 in reported
income, the average itemized deductions
increase by $.0217. (Alternatively, an
increase of $100 in reported income
corresponds to an average increase of
$2.17 in itemized deductions.)

Using the TRACE or VALUE feature on
a graphing calculator, the point

(75,000, 1992.5) is on the line. Thus, the
average amount of itemized deductions on
a return reporting income of $75,000 is
$1922.50.

e. Graphing the line y = 5000 and using the
INTERSECT command, the point
($60,138.25, 1600) is on both lines. An
average itemized deduction of $1600
corresponds to a reported income of
$60,138.25.

f. Anincrease of $15,000 in income level
will correspond to an increase of
$15,000(.0217) = $325.50 in itemized

deductions.
1.2 The Slope of a Curve at a Point
1. _4 2. 0
3

3.1 4. 1

5.1 6. 1
2

7. 2 8. L
3

9. Small positive slope; large positive slope
10. Zero slope; large negative slope

11. Zero slope; small negative slope

12. Let
mp = slope at point P. Then, m , =1,myz =8,
1
me =0, mp =-6, my =0, mp =7

For 13-24, note that the slope of the line tangent to
the graph of y = x? atthe point (x, y) is 2x.
13. The slope at (—.4, .16) is 2(—.4) =—.8.
Let (x;, y) = (-4, .16), m=-38.
y—.16=-8(x—(-4))
y—.16= —.8(x+.4)
y=-8x-.16
14. The slope at (-2, 4) is 2x =2(-2) = 4.
Let (x;, y)=(-2,4), m=—-4.
y—d=—4(x—(-2))= y-4=-4(x+2)=>
y=—4x-4

Copyright © 2018 Pearson Education Inc.



15. The slope at l,l ism=2x=2 1 =2.
3°9 3) 3

Iﬁtapyo=(ll}

3%
1 1 12 2

y‘g—gﬁ‘aj R
2 1

YE3ETY

16. The slope at (—1.5, 2.25) is 2x =2(-1.5) =-3.

Let (x;, y)=(-1.5,2.25), m=-3.
y-225=-3(x—(-1.5))=
y—=2.25= —3(x+1.5) = y=-3x-225

17. When x=—l, slope:2(—lj:_1_
4 4 2

18. When x =-.2, slope =2(—.2) =—4.
19. When x =2.5, slope =2(2.5)=5 and

y=(2.5)? =625. Let (x;, y;) = (2.5, 6.25),

m=>5.

y—625=5(x-2.5)= y—-625=5x-125=

y=5x-6.25
20. When x =2.1, slope =2(2.1) =4.2 and

y=(2.1)* =4.41. Let (x;, y,) = (2.1, 4.41),

m=4.2.
y—441=42(x-2.1)=
y—441=42x-882= y=42x-4.41

21. The slope of the tangent is 2x, so solve

2x=z:>x=z. The point is
2 4

7(1V (1.2
4’\ 4 4’16 )
22. The slope of the tangent is 2x, so solve
2x =—6 = x = -3. The point is

(3.(3)) = (-3.9).

23. The slope of the line 2x+3y =4 is —%, S0

the slope of the tangent line is also —%. Now

solve 2x = _2 =x= —%. The point is

ST

Section 1.2 The Slope of a Curve at a Point 33

24,

25.

26.

27.

28.

The slope of the line 3x -2y =2 is %, so the
o 3
slope of the tangent line is also 3 Now solve

2x=§:>x=g. The point is
2 4

3G

4°\ 4 4°16)
March 1, 2015: about $52.00
January 1, 2016: about $27.00

The price decreased about $25.00
The price was rising on both days.

Yes, the slope of the graph on these days are
almost equal.

The price of a barrel of oil was about $27.25.
It was rising at a rate of about

27.50-27.25 ~ $.05 per day.

The price of a barrel of oil was about $27 on
January 12, 2015. The slope at that point is
about 0, so the price was holding steady.

For 29-31, note that the slope of the line tangent to

the graph of y = x* at the point (x, y) is 3x2.

29.

30.

31.

32.

33.

Slope = 3x?
When x =2, slope = 3(2)2 =12.

Slope=3x2
2
2
When xzi, slope =3(3j =—7.
2 2 4
Slope=3x2
2
When xz—l, slope =3 L =§.
2 2 4

When x = -1, slope = 3(71)2 =3.

y=(1’=-1.

Let (xp, y1) = (=1 =D.
y—(—l)=3(x—(—l)):>y+l=3(x+l):>
y=3x+2

The slope of the line tangent to y = x? at
x=ais2a. The slope of y=2x— 1 is 2.
Equating these gives 2a=2=a=1.

So, f(a)=(D)*=1, f'(1)=2(1)=2

Copyright © 2018 Pearson Education Inc.



34 Chapter 1 The Derivative

34, The slope of the line tangent to y = x? at

x =a is 2a. The slope of y=—x—% is—1.

. . 1
Equating these gives 2a=—-1=a= 5

2
So, f(a)z(—%) =%, and

rer{ it

35. The slope of the curve y = x> at any point is

40.

1
3x2. Solve 3x% === x =E:>x=i—.

g 5]

36. The slope of y = 2x is 2. Solve

, 2 2

3x?=2=x :§:>x=i =,

= =] 36
i
I

37. a. m=u=3
5-2

length of dis 13 -4=9

. The

%

b. The slope of line / increases.
38. Y =J@)
QB+, f(3 + )

®
P(3,/(3) ‘@

S)

@ @

3 3+h

39.

3 41.

Ti=zhz-3H+z

LN Y=1.BEE
[-.078125, .078125] by [1.927923, 2.084173]

When x =0, y = 2. Find a second point on the

line using VALUE: x = .05, y = 1.855
_1.855-2
©.05-0

The actual value of m is —3.

=-29

= =-10 00 +10

W‘fﬂf

W=l Y=anyarels
[.93251, 1.08876] by [~.078125, .078125]

When x =1, y = 0. Find a second point on the
line using VALUE: x = .95, y = —.025641
_.00497512-0

1.01-1

The actual value of m is %

T=(H+2D
n=lnl . W=z.anzheEy

[.6463, 1.3963] by [1.5, 2.5]

Whenx=1,y=2
Find a second point on the line using VALUE:
x=1.01,y=2.0024984

_ 2.0024984 -2 - 25
1.01-1
1
The actual value of m is =.25.
24/3+1
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42.

1.3

= FCH+ED
——

W=zl PRl : e
[1.2899, 2.5399] by [1.3679, 2.6179]

When x =2, y=2.

Find a second point on the line using value:

x=2.01,y=2.000833
_2.000833-2
2.01-2

=.0833

The actual value of m is é

The Derivative and Limits

For exercises 1— 16, refer to equations (1) and (2)
section 1.3 in the text along with the Power Rule

F/x)=m""" for f(x)=

1.

2.

10.

11.

f(x)=3x+7, f'(x)=3
f(x)==2x, f'(x)=-2

3x N _ 3
f(x)—j—Z,f(X)—4

2x6ﬁ

fx) = - f()——

fx)=x", f/(x)=7x°

f@=x7, ) =2x =2

, 2
[ =x", f(x)=5x 13 -

f@ =2, = x e
2 x3
R S S
f(X)_J;_xs/z—x s
ion_ D -1 5
f(x)_ 2X - 2x7/2

) =x%=x‘3, ) =-3x"4 = _i4

o =x=x", f/(x)= —x*2/3 2/3

12.

13.

14.

15.

16.

Section 1.3 The Derivative and Limits

f=g=a,
f(X)_——x76/5 5x6/5
() =x—f2=x2, £/(x) = 2x

f) =4 =

f(x)=4*=16, f'(x)=
f(x)zﬂ, f’(x)zO

7 f(x)—— -5/7 _ 25/7

In exercises 17—24, first find the derivative of the
function, then evaluate the derivative for the given
value of x.

17.

18.

19.

20.

21.

22,

fx)=x° atx:%
f(x)=3x>
(1) _5(1) 23
f@'{zJ 4
f(x)=x5 atx=%
f’(x)=5x4

4
f,(é) = 5(3) 305 _ 25.3125
2 2 16

f(x)=l atx=g
X 3

S =x7 70 = =—x%
A2yt 1 __9
/ (3) (23 49 4

f(x)=% atx=2

f(x)=0=/"(2)=0
f(x)=x+11atx=0
fx)=1=f'(0)=1
Se=x"
=g

F@ =3 -

datx=8

1

Lo
34 12
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36 Chapter 1 The Derivative

1
23. f(x)_\/Eatx_R

fx)= x”
fr =g - f
X
e =——=1 s
2 | L 2.1
16 4
1
24,  f(x)= atx =32
Iz
fx)=x?*
f0= —%x‘“
ray— 2 75 _ 1
/732) (32) 5 128 320

In exercises 25 and 26, remember that the slope of a
curve at a given point is the value of the derivative

evaluated at that point.
25. y= x*
slope =’ = 4x°

atx=2, y' =4(2)> =32

26. y= x°
slope = 3" = 5x*

4
1 1 5

atx=—, y'=5|-| =—
37 (3)

27. f(x)=x"; f(=5)=(-5)’ =-125

f(x)=3x>
F(=5)=3(=5)> =75

28. (x) 2x+6
£(0)=2(0)+6=6
1/(¥)=2= 1"(0)=

29. f(x)=x'"3 r@®)=8"3=2

f=gx

(gy=L.g23 _
S'®=38

30.

31.

32.

33.

34.

=5 =75 ==
O T

X
) 2
fh=-5=-2
f(x)=is=x*5

1

2__=__

1= =g,
fiw) =5t ==

X
o5 s
r= =g
f(x)=x3/2

7(16)=(16)*'? = 64
S0 =252 =2Jx

16y = S JT6 = 12 =
f(16)—2x/1_—2 6

For exercises 33—40, refer to Example 4 on page 77
in the text.

f(x)=x3 =>f’(x)=3x2

Whenx=-2, f(x)=(-2)’ =-8.

The slope of the tangent at x =—2 is

/1 (-2)= 3(—2)2 =12. Thus, the equation of
the tangent at (-2, —8) in point-slope form is
y+8=12(x+2).

f(x)=x2:>f'(x)=2x

1 1Y 1
When x=—-—, =|—-—| =—. The slope
x==2, /(%) ( 2) 7 p

1.
of the tangent at x = ) is

f’(—%) = 2(—%) = —1. Thus, the equation

of the tangent at (—%, %j in point-slope form

is y—l——(x+lj
4 2)
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3s.

36.

37.

38.

39.

f(x)=3x+1= f’(x)=3

When x=4, f(x)=3-4+1=13. The slope
of the tangent at x =4 is f”(4)=3. Thus, the
equation of the tangent at (4,13) in point-
slope formis y—13=3(x-4) ory=3x+ L in
slope-intercept form.

f(x)=5=f'(x)=0

When x=-2, f(x)=5. The slope of the
tangentat x =—2 is f’(—2)=0. Thus, the
equation of the tangent at (4,13) in point-
slope formis y—5=0(x+5) ory=35.

1

2Jx
f(x)= \/I =L The slope of
9 3

f(x)zx/;le/zzf’(x):%x_l/z =

1
When x =—,
9
the tangent at x=é is

12
AL L) g2 23
f (9)—2(9) 2(9) > Thus, the

) 11y, .
equation of the tangent at 33 in point-

slope form is —l—é x—l)
P Y73\ Ty )

f(x)Zézx_l :>f'(x)=—x_2

When x=.01, f(x)= % =100. The slope of

the tangent at x =.01 is

£7(.01)==(.01) = =10,000. Thus, the
equation of the tangent at (.01, 100) in point-
slope form is y —100 = —10,000 (x —.01).

F()= o= = (@)=
When x =1, f(x)ziz 1. The slope of the

1
PEPVPRS IR R |
tangentat x =1 is f (1)——5(1) ==
Thus, the equation of the tangent at (1,1) in

. . 1
point-slope formis y—1= —E(x -1).

40.

41.

42.

43.

44.

Section 1.3 The Derivative and Limits 37

f(x)=i3=)f3 :>f’(x)=—3x74

X
When x =3, f(x)=L=L. The slope of
3327
the tangent at x =3 is
—4 3 1
‘3)=-3(3) =——=-—.
! ( ) ( ) 81 27

Thus, the equation of the tangent at (3, %)

(x—3).

in point-slope form is y — L = _L
27 27

Equation 6 on page 76 states that
y=fla)= f'(a)(x-a)

y=f=xt =y = f1(0)=4

For a=1, f(a)= f(1)=1 and

f’(a)= f’(1) = 4. Thus, the equation of the
tangent at (1,1) in point-slope form is
y—1=4(x-1).

The tangent is perpendicular to y =4x+1, so

the slope of the tangent is m = —% because

the slopes of perpendicular lines is —1.

1 , -
f(x)z;zx 'S f(x) =—x 2,
The slope of the tangent at x = a is

fa)=-a?. —a? = —% > a=12.
1 1
Therefore, P = (2,—) or P= (—2,——].
2 2

The slope of the tangent is m = 2.
f@=Vx=x"= f(x)= %x*W. The
slope of the tangent at x = a is

f(a)= 1 a™V%. Therefore P= (li’l)

2 64
l:2(L)+b:>b:l.
4 16 8

The slope of the tangent is m = a.
f(x)= = f(x)= 3x%. The slope of the
tangent at (—3, —27) is f’(-3)=3(-3)> =27.

Therefore a = 27.
—27=27(-3)+b = b=54.
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45.

46.

47.

Chapter 1 The Derivative

a. The slope of the tangent line is m = %

because the slopes of parallel lines are
equal.

f(x)=~x= 2= f(x)= %x_l/z. The
slope of the tangent is atx = a is

fray=ga

%a‘l/zzé:azlﬁ f16)=+16=4.

Therefore, the point we are looking for is
(16,4).

The slope of the tangent lines is m = 1 because
the slopes of parallel lines are equal.

y=f(x)=x= f’(x)=3x> The slope of

the tangent at x = a is f”(a)=3a’.

Thus, 3a2=1:>a2=1:>a=iizi£.
3 NE) 3
Now find the values of fat xzi?:
3

B (B) 25

3 3 27 9

3
(B[] B
3 3 27 9

Thus, the two points are [g, ?J and
BRERE]

379

A tangent line perpendicular to y = x has slope
~1. f(x)=x*= f’(x)=3x% The slope of
the tangent at x = a is f”(a)=3a’. Thus,

3a% = —1, which has no real solution.

Therefore, there is no pointon y = x> where
the tangent line is perpendicular to y = x.

48.

49.

51.

52.

53.

54.

5S.

56.

57.

58.

59.

Since the graph passes through the point (2, 3),
/(2)=3. The slope of a tangent line at (a, b)

equals the value of the derivative for x = a, so
y==2x+T=>m=-2, [(2)=-2.

i(xg)=8x7 50 i(x_3)=—3x_4
dx Todx
i(x3/4)=3x71/4
dx 4
i(x—l/3):_lx—4/3
dx 3
dy d
=l=>—=—(1)=0
Y dx dx()
_oa_dy_d( 4 -5
y=Xx e dx(x )— 4x
_os dosy 1 s
y ,dx(x ) 5
x—1 1 1 dy d[x—l} 1
y:—:—x—— —_— | — | ==
3 3 3 dx dx| 3 3

The tangent line at x = 6 is y:§x+2, so
f(6)=%(6)+2=4.
1 .1 , 1
The slope of y=—x+2 is —, so f'(6)=—.
3 3 3
The tangent line at x =1 is y =4, so f{1) = 4.
The slope of y=41is 0,s0 f’(1)=0.

y=/@)=vx=x"?
The slope of the tangent line at x = a is

PSS S T R O
f(a)—za "ol

The slope of the tangent line y = %x +b is

1
2Ja
and solve for a: 2\/—:4=>\F:2:a:4
Whenx=4, f(4)=~/4=2.

Let (x;, ¥;) = (4, 2). Then,

%. First, find the value of a. Let % =

1 1
2=—(x-4)= y=—x-14+42=
y 4(x )=y 2"

1
=—x+1,s0b=1.
YTy
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60.

61.

62.

63.

64.

1
y==
x

When x=2,y=%.

The slope of the tangent line at x =2 is
_ 1
‘2)=—2"2=——.
/) 2
To find the equation of the tangent line, let

1 1
5 = 29_ 5 d =—
(x> »1) ( 2) and m 4

1 1 1
= (x-2)= y=——x+1.
y=3 4(x )=y 2"

To find the value of a (which is the

. 1

x-intercept), let —Za +1=0 and solve for a.
1

——a+1=0=a=4.
4

Atx=a,y=2.0la—- .51 ory=2.02a - .52, so
.0la=.01,anda =1
y=f{1)=2.01-.51=1.5.

f”’(a) =2 because the slope of the “smallest”
secant line is 2.01.

/7(1) = the slope of the secant through
(12, 1.1) and (1, .8).

1.1-8 3
()=——"=2215
7 12-1 2

The coordinates of 4 are (4, 5). From the
graph of the derivative, we see that

(4= %, so the slope of the tangent line is
%. By the point-slope formula, the equation of
the tangent line is y —5= %(x -4).

The coordinates of P are (2, 1.75). From the
graph of the derivative, we see that
f7(2)=.5, so the slope of the tangent line is

1 . .
3 By the point-slope formula, the equation of

the tangent line is y —1.75=.5(x-2) or
y=.5x+.75.

Section 1.3 The Derivative and Limits 39

65. f(x)=2x"
fx+h) = f(x)  2(x+h)*—2x?
h h
2x% + 4xh+2h% - 2x?
h
h(4
=%=4x+h

66. f(x)=x*-7

Sty - fe) LGt =7]-(*-7)
h B h
:x2+2xh+h2—7—x2+7
h

:@:zx-’-h

67. f(x)=—x2 +2x
S+ h) - f(x)

h
) [—(x+h)2 +2(x+h)]—(—x2 +2x)
h
B —x2 = 2xh—h*+2x+2h+x> - 2x
h
_h(2x42-0)

h

68. f(x)=-2x2+x+3
St - f(x)

h
[—2(x+h)2+(x+h)+3]—(—2x2+x+3)
- h
_ 2x? —4xh-2h* + x+ h+3+2x% —x-3
h
~4xh—2h* +h _h(-4x—2h+1)
h h
=—4x+1-2h
69. f(x)zx3
fx+h)—f(x)  (x+h)® x>
h h
_ 3432 h 43k + 0 - X3
h
h(3x2+3xh+h2)

h
=3x2 +3xh+ h’
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40 Chapter 1 The Derivative

70. f(x)=2x" +x*

f(x+h)—f(x) _ [2(x+h)3 +(x+h)2}—(2x3 +x2)

h h

B 2x3 +6x%h+6xh% +2h° + x% +2xh+ h? - 2x° — x?

h(6x2 +6xh+2x+2h% +h)

h

For exercises 71—76, refer to the three-step method
on page 78 in the text.

1. f(x)=—-x>

foy - £y~ = (=)

h h
_—)c2—2xh—hz+x2

h

h(—2x+h
:¥:—2x+h

As h approaches 0, the quantity —2x + A
approaches —2x. Thus, f”(x)=-2x.

72. f(x)=3x*-2
SG+h) - ()

h
[3(x+h)2—2:|—(3x2—2)

- h

_3x% +6xh+ 307 —2-3x7 +2

B h

_ h(6xh+3h)=6x+3h

As h approaches 0, the quantity 6x + 34
approaches 6x. Thus, f”(x)= 6x.

73. f(x)=7x2+x—l
Sx+h) - f(x)

h
[7Ce+ 1) + (x4 h)=1] = (727 +x-1)

- h

CIxE 4 14xh+ThE 4 x+h—1-7x* —x+1
h

dxh+ 7k +h h(14x+Th+1)

h h
=14x+1+7h

As h approaches 0, the quantity 14x + 1 + 7h
approaches 14x + 1. Thus, f’(x)=14x+1.

=6x +2x+6xh+h+2h°

74. f(x)=x+3

Sx+h)—f(x) _(x+h+3)—(x+3)
h h

h

As h approaches 0, the quantity 1 approaches
1. Thus, f’(x)=1.

75. f(x) =x°
fx+h)—f(x)  (x+h) =
h - h
B x> 4352 h+3xh + 0 - X3
- h
h(3x2 +3xh+h2)
h

=3x% +3xh+h*
As h approaches 0, the quantity

3x% +3xh+h* approaches 3x%. Thus,

f’(x)=3x2.

76. f()c)=2)c3 -Xx
S+ h) - f(x)

h
[2(x +h)? = (x+ h)] - (2x3 - x)
h h
_ 2x3 +6x2h+6xh + 20 —x—h—2x> +x
h
h(6x2 + 6xh + 20> —1)

h
= 6x7 +6xh+2h% ~1
As h approaches 0, the quantity
6x2 +6xh+2h* -1 approaches 6x% —1.

Thus, f’(x)= 6x% 1.
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77.

78.

79.

a., b. Yy

In both cases the tangent lines are parallel.

c. A vertical shift in a graph does not change
its shape. Therefore, the slope at any point
x remains the same for any shift in the
y-direction. Since the slope at a given
point is the value of the derivative at that

.od d
point, Ef(x) =a(f(x)+3).

Observe the tangent lines for the two chosen
values of x. The tangents are parallel. Thus,

the slope of y = £ (x) at the point (x, f(x)) is
equal to the slope of the graph of y = f (x) +c
at the point (x, f (x) + c). Since the slope at a

given point is the value of the derivative at that

4 d
point, Ef(x) = (f(x)+c).

f(0), where f(x)=2"

nberiw2™H, B @
LE93147 2361

80.

81.

82.

83.

84.

14

Section 1.3 The Derivative and Limits 41

f’(1), where f(x)= ! 3
I+x

nberivilsC1+HEs,

’ -.5

£/(1), where f(x) =1+ x>
nberiwClol+HE . =
’ . FET1BEEI2S

£7(3), where f(x)=v25-x2
nDegiuiI(ES—szp
T - TSEEERRIGE

f’(2), where f(x) =ﬁ

nberiwCEsC1+H0 . 8
L1111111235

77(0), where f(x)=10""
EDEPiuilE“(1+H}=
23.82587128

Limits and the Derivative
There is no limit because as x approaches 3

from the left, g(x) approaches —eo, while as x
approaches 3 from the right, g(x) approaches 2.

2
1

There is no limit because as x approaches 3
from the left, g(x) approaches 5, while as x
approaches 3 from the right, g(x) approaches
3.

Copyright © 2018 Pearson Education Inc.



42 Chapter 1 The Derivative

5. There is no limit because as x approaches 3 16. lim (2 2 —15x— 50)20
from the left, g(x) approaches 4, while as x x—10
approaches 3 from the right, g(x) approaches 20
5. =( lim 2x% - lim 15x— lim 50)
x—10 x—10 x—10
6. There is no limit because the values of g(x) = (200150 — 50)20 —020—¢

become larger and larger as x approaches 3

from the right and from the left, and do not 2 43¢ X(x+3)
approach a fixed number. 17. lim = lim =lim(x+3)=3
x—0 X x—0 X x—0
7. 1iml(l -6x)=1-6(1)=-5 5
xX— — —
18. lim> L= fjm & D@D
8. I x . defined x—1 x—1 x—1 (x—l)
. lim is undefined. — 1 -
x—=2X— _linl(x-i-l)_z

9. limvx2+16=y(3)2+16 =25 =5 244y —2x(x-2)
x—3 = lim

19. lim
x—2 x—2 x—2 (x—Z)
10. lim(x*-7)=4%-7=57 = lim (-2x)= -4
x—4 x—2

. 2 . 2_ _ _
lim x* + lim 1 52+1_13 xX“—x 6:1im(x 3)(x+2)

2 .
1 fim X oxosT a5 == 2. m = Im TS
x5 5+x lim5+1limx 5+5 5 .
x—5  x—5 =lim(x+2)=5
x—3
. 1), ,
12. lim|+/6x +3x—— |(x" -4 2_ -
Ha( x)( ) 2. lim =10y DY
| x—4 4—x x—4 —(x—4)
= ( lim +/6x + lim 3x — lim —)( lim x? — lim 4) = lim(-x—4)
x—6 x—6 x—6X J\x—6 x—6 3i_>4( )~ lim 4
= lim (—x) — lim
1 143 2288 x4 x4
=(6+18—g)(36—4)=?32=T =—4—-4=-8
. . 2x-10 . 2(x—5)
) Jx— 2_ 22. lim = lim
13 )}1_I¥17(x+ x 6)(x 2x+1) D7 05 eSS (= S)x+5)
= lim (x+x=6)(x=1)> Jim 2 2 1
7 = = = —
o , lim(x+5) 545 5
:(lim x+ lim \/x—6)(lim x— lim 1) e
x—7 x—7 x—7 x—7 2
5 23, lim 6x . x(x —6)
=(7+1)(7-1) =8-36 =288 T xo6x2—5x—6 x—6(x—6)(x+1)
i
ox—4-1 lim v5x -4 - lim1 _ x1—>mex __6 _6
14. lim —— =x=28 ___ _xof lim(x+1) 6+1 7
x—>8 3x7+2 lim 3x° + lim 2 x—6
x—8 x—8
6-1 5 3 2 2
— — oxT=2x"4+3x . x(x"—-2x+3)
24. lim = lim
192+2 194 s S i S

. 2
Vx?—5x-36 _ Jim (27 - 2x+3)

15. lim ————— =

x—-5 8—3x lim x
1/2 x—7
(lim x*— lim 5x— lim 36) _49-14+3 38
— x—-5 x—-5 x—-5 7 7
lim 8- lim 3x
x—-5 x—-5 2 4
1/2 . .
—(-75)— 25. lim is undefined.
_(25-(-25)-36) ~ 14 lim ~— u
8—(—15) 23
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26.

27.

28.

29.

30.

31.

32.

Section 1.4 Limits and the Derivative

lim 1
lim x—9

=— 5 is undefined.
x9 (x —9)? 11n19(x -9)
X—

lim f(x)= —% and lim g(x)=

x—0 x—0

N | =

a. lim(£(0)+g(0)= lim £(x)+ lim g(x) = —~ 4+ =0
x—0 x—0 x—0 2

2
. . . 1 1 3
b. lim(f(x)-2g(x))=1lim f(x)-2-lim g(x)=—=-2-—=—=
x—0 x—0 x—0 2 2 2
. tim(r)-a =] tim 1| tm 0| < 5 5=
lim f(x) 1
d. Since 11m g(x) #0, hm J&) _ 500" T :TZ: -1.
0g(x) limg(x)

The limit definition of the derivative is f”* (x) = lim w
h—0

f(x)=mx+b=
[m(x+h)+b]—(mx+b)_ lim mx+mh+b—mx—b

£ (x)= lim —tim ™ fmm=m
h—0 h h—0 h h—0 h h—0
f)=x*+1
2, 1_ (22 24
3)= f(3+h) fG) _ o G +1-G% 4D | 9+6h+h?+1-10
h—0 h h—0 h
2
=limh +6h=1m(h+6)=6
h—0 h h—0
fx)=x
3 _ 53 2,3
)= f(2+h) f@)_ o @4h) =20 8+12h46h% +4 -8
h—0 h h—0 h
:1imwzlm(h2+6h+l2):12
h—0 h h—0
f(x)=x3+3x+1

3 _ 2
£(0) = M fim 23 AT 2 43y =3
h—0 h h—0 h—0
fx)=x>+2x+2
2 —
10 = (0+h) SO) _ . h®+2h+2 Zzlimh(h+2):lim(h+2):2
h—0 h =0 h h—0
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For exercises 33—36, use the three-step method discussed on page 85 in section 1.4 and illustrated in Examples 6
and 7.

33. f(x)=x>+1

2 2
fori - s _[GHA) 41]-( )
Step 1: =
h h
[(x+h)2+l}— 1) 2 2,12 2
Step 2: - ( ):x +2xh+hh +1-x 1:2xh}:—h :h(2);l+h):2x+h

Step 3: f“(x) = lim (2x+ /) =2x
h—0

34. f(x)=-x>+2

Step 1: S+ - () _ [—(x+h)2+2}_(_x2 +2)

h h
2 2
[—(x+h) +2J—(—x +2) x> —2xh—h>+2+x> -2 2xh—h> h(-2x—h)
Step 2: = = = =2x-h
h h h h
Step 3: f(x) = lim (—2x—h) = —2x
h—0
35. f(x)=x-1
foriy-py | a) -1]-(< 1)
Step 1: =
h
h) -1 .1 3 2 2,43 3 2 2,3
Step 2- (x+ ) N —(x - )_x +3x°h+3xh”+h” —1-x"+1 3x"h+3xh" +h
P h h h
h(3x? +3xh+ h?
= ( ; )=3x2+3xh+h2
Step 3: f/(x) = lim (3x2 +3xh+ hz) =3x2
h—0
36. f(x)=-3x>+1
2 2
f(x+h)—f(x) |:—3(x+h) +l]—(—3x +1)
Step 1: =
h h
2 2
Sten 2 [‘3(”}’) +1}‘(3x _1)_—3x2—6xh—3h2+1+3x2—1_—6xh—3h2
P h h h
h(—6x—h
=(+)=—6x—h
Step 3: f”(x) = lim (—6x — h) = —6x
h—0
37. f(x)=3x+1
()= lim SG+h) = f(x) _ lim 3(x+m)+1-Cx+1) _ lim 3x+3h+1-3x-1_ limﬁ= lim 3 =3
h—0 h h—0 h h—0 h h—0 h h—0

38. f(x)=-x+11

f(x)= 1imM= lim —(x+h)+11-(-x+11)
h—0 h h—0 h
— lim —x—h+11+x-11 _ limi= P
h—0 h =0 h  h—0
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39. f(x)=x+l
X

(et h)+ —(x+1) TSP .
f,(x)=1imw=hm X) _ lim Y+ h x
h—0 h h—0 h h—0 h
11 h(x +h)(x) +x—(x+h) hx? +h2x—h
= lim Xt+h X _ im (x+h)(x) —1lim (x+ h)(x)
h—0 h h—0 h h—0 h
B h(x2+hx—1)(lj_lim(x2+hx—1)_x2—1_l_L
h=0  (x+h)(x) \h) r-0 (x+h)(x) x2 ¥2
1
40. f(x):x—2
L D T €0 S St e 22 i
— 2 2 2, 2 2. 2
f(x) = limM: lim (x+h)" x - lim (x+h)"(x7) - lim (x+h)"(x7)
h—0 h h—0 h h—0 h h—0 h
. h(=2x-h) (1 . —2x—h —2x
=llmﬁ — =11m PR = 3 3 =——3
h—=0(x+h)“(x%) h h=0 (x+h)*(x%)  (x7)(x7) ¥
4. f(r)=——
x+1
x+h x (x+h)x+D)—-(x)(x+h+1)
)= lim LEHDZS@) o xr el xbl gy (x+h+D)(x+])
h—0 h h—0 h h—0 h
X2 +xh+x+h—x>—xh—x
- lim (x+h+D(x+1) ~ lim h (l)
h—0 h =0 (x+h+D)(x+1)\ A

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

42. f(x)= —1+x—f2

L2 —(—1+ 2 ) 2x=2)-2(x+h-2)
SEAD-f@) . x+h=2 x-2)_, (x+h=2)(x-2)
h

f’(x) = lim
h—0

h—0 h >0 h
2x—4-2x-2h+4
- im (x+h-2)(x-2) _ lim —2h (l)
h—0 h =0 (x+h-2)(x-2)\ h

, ) -2 2
= lim = ==
h=0(x+h=2)(x=2) (x=2)(x-2) (x-2)
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46 Chapter 1 The Derivative

1
43. _
r@=a
N (x2+1)—((x+h)2+1)
7101 = i L D=1 BTy S N (CL0 M) (G
h—0 h h—0 h

x2 +1—x 2 _2xh-h*-1

(et en h(-2x—h) (1)
= lim = lim —
h=0 h h—>0((x+h)2 +1)(x2 +)\h
(—2x—-h) -2x —2x
= lim

h—>0((x+h) +l)(x i) AN D) (P2

4. f(x)= ﬁ

x+h X (x+h)(x+2)—(x)(x+h+2)

= lim x+h+2_x+2:1im (x+h+2)(x+2)
h—0 h h—0 h
X +xh+2x+2h—x2—xh—2x

~ lim (x+h+2)(x+2) ~ lim 2h (l)
h—0 h =0 (x+h+2)(x+2)\ A
2 2 2
lim = =
h=0 (x+h+2)(x+2) (x+2)(x+2)  (x+2)?

45. f(x)=+x+2
f(x+h) f(x) hm«/x+h+2—x/x+2

h—0 h
. \/x+h+2 Vx+2(Vx+h+2+Jx+2
h—0 h Vx+h+2+x+2
~ im (x+h+2)-(x+2) _ lim h
90 h(Vx+h+2 +x+2) o0h(Vx+h+2+4x+2)
. 1 1 1
= lim = =
h0x+h+2+Vx+2  x+2+/x+2  2Jx+2

46. f(x)=vx>+1
)= f(x+h) Sf(x)

_1m\/(x+h) +1—\/x2+1 \/(x+h) 1=V 1 a2 #1442 41
h—0 h ”—>0 h \/(x+h) +1+yx?+1

. (x+m)2+1-(x%+1) ¥+ 2xh+h? +1-x% -1

= lim = lim
*Oh(\/(x+h)2+1+\/x2+1) ’Hoh(\/(x+h) +1 422 +1)

. h(2x + ) . (2x + 1)
h_mh(\/(x—kh) +14+x2 +1) HO\/(x+h) +14x2 +1

2x

X
\/x2+1+\/x2+1 \/x2+1

7o) = i LD

S =
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Section 1.4 Limits and the Derivative

47. f(x)= %

R S N
f,(x)=;}imM ]}HIB Vx+h \/;=}}11’I}) \/; ]:lx_l_h

:Hm( )\/;—\/F(\/_+\/F] l'm(lj x-x—h

h—0 Jidx+h \Nx+dx+h ) isolh «/;\/x+h(\/;+«/x+h)
-1 -1 -1 1
= lim = =
h=0 [x\[x+h (\/_+\/x+ ) \/;\/;(\/;+\/;) 2x/x 2xY?
48. f(x)=xJx
P f(x h) /() - lim (x+h)¢xh+h - x/x
-
“ lim (x+h)\/x+h—x\/7 (x+h)\/x+h+x\/;
h—0 h (x+h)Nx+h+xx
~ lim (X+h)2 (x+h)—x2x  lim x> +3x2h+3xh? + b3 - X3
h—0 h((x+h)\/x+h +X\/;) h—0 h((x+h)x/x+h +x\/;)
o 3h3ah? + b i h(3x2 +3xh+h2)
= lim = lm
h=0 h((x+h)x/x+h +xx) 0 h((x+h)x/x+h +xVx)
2
~ lim 3x2 +3xh+h 3x? 3. 3\/—
h=0 (x + h)Nx+h +xf 2xx 27
49. We want to find f (x) such that 51. We want to find f(x) such that
(1+h) -1 Lo
/}ino has the same form as }}irr}) 10+h  phag the same form as
(@)= tim L@+ 1)~ 1 (a) K _
f (a)_}EI_IE) i . SO, f,(a)=;}ln})w SO,
-
fla+h)=(1+h)* and f(a)=1. Thus,
( )2 ( ) ( ) f(a+h): ! and f(a)z.l. Thus,
f(x)=x" anda=1. 10+h
_ 11 _
50. We want to find f (x) such that f(x)=x T and a = 10.
3
i G =8 e same form as 52. We want to find £ (x) such that
=0 (64+h)"> -4
, . fla+h)-f(a) lim— has the same form as
f7(a)= lim XTI g, o
h—0 h f(a+h)—f(a)
f(a+h)=(2+h)’ and f(a)=8. Thus, f7(a)= lim ——————-—_ So,

h—0 h
f(x)=x> anda=2.

F(x)=x"2=3x anda=64.

Copyright © 2018 Pearson Education Inc.
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48 Chapter 1 The Derivative

53. We want to find f(x) such that 64. lim (1+2f(x))= lim 1+2- lim f(x)
X—>o0 X—>o0 X—>o0
N - =1+2-1=3
lim N9+h=3 has the same form as
h—0 h 65. lim(1- f(x))= lim 1- lim f(x)=1-1=0
+h)— X—>o0 X—>o0 X—>o0
f’(a) = lim M. So,
h—0 h . 2 . 2 3 2 9
fa+h)=~9+h and f(a)=3. Thus, 66. lim [ f(x)] Z[fj})f(x)} Z[ﬂ =16
x)=+/x anda=9.
/@ 67. lim v25+x —+/x
X—>oo
34. We want o find f (x) such that At large values of x the function goes to 0.
-1/2
1+h -1
lim L has the same form as
h—0
+h)-
f’(a) = lim M' So,
h—0 h
-1/2 L
f(a + h) = (1 + h) and f(a) =1. Thus, [0, 1000] by [0, 10]
1
-1/2
x)=x =— anda=1. 2
/() Jx 68. lim ——
X—o D
55 lim Lz _0 At large values of x the function goes to 0.
X— x
. 1
56. lim —5=0
X——o0 x
3
5x+3 S+1 5
57. i = 1li == —2,20] by [0, 1.5
r5e3x-2 xhw3—2 3 72, 207y [0, 1.3]
2 —
69. lim X —2X*3
58. lim =0 xoee 2x7 1
x—o0 X —8 At large values of x the function goes to .5.
10+1%
59. lim 10x+100 o 33 _
x—eo x° =30 x> x==
x2+x 1+
60. lim ———= lim ’1‘ =1
x—oeo x° —1 x_>°°1_x72 [0, 50] by [0, 1]
) Q.2
61. lim f(x) 70. lim &x” +1
x—0 2

x—e x°+1]

As x approaches 0 from either side, x) At large values of x the function goes to —8.

approaches E So lim f(x) =§.
4 x—0 4

62. lim f(x)
X—>o0
As x increases without bound, f{x) approaches
.80 m /(=1 [0, 20] by [-9, 1]

=0-§=
4

6 im0 = iy |ty 0]
0
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1.5 Differentiability and Continuity
1. No 2. Yes
3. Yes 4. Yes
5. No 6. No
7. No 8. No
9. Yes 10. Yes
11. No 12. No
13. f(x)=x>
lim f(x)=limx* =1
x>l x—1
f=1*=1
Since lim1 f(x)=1= f(), flx) is continuous
atx = f_>
7= lim f(1+h})l—f(1) - lim (1+h)]21—(1)2
. 1+2h+h* -1 _ g QAR
h—0 h h—0  h

14.

15.

Therefore, f{(x) is continuous and differentiable
atx=1.

1
S ==
X
. .1
lim f(x)=lim—=1
x—1 x—1Xx
1
f(1)=1=1
Since lim f(x)=1= f(1), f{x) is continuous
x—1
atx=1.
1
- — -1
h—0 h h—0 h
= 1imﬂ.l= li _Lz_
=0 1+h h h—0 14h

Therefore, f{x) is continuous and differentiable
atx=1.

Fx) = x+2 for —1<x<1
Y= 3x for 1<x<5
lim3x=3

x—1

lim(x+2)=3

x—1

fH=1+2=3

Since lim f(x) =3 = f(1), fix) is continuous
x—1

atx = 1. The graph of f{x) at x = 1 does not
have a tangent line, so f{x) is not differentiable
atx = 1. Therefore, f{x) is continuous but not
differentiable at x = 1.

Section 1.5 Differentiability and Continuity 49

16. f(x)= {f

17.

18.

19.

for0<x<1
for1<x<2

lim x> =1
x—1

Iimx=1
x—1

fH=1

Since lim f(x)=1= f(1), f(x)is continuous
x—1

atx=1.

The graph of f{x) at x = 1 does not have a
tangent line, so f{x) is not differentiable at
x = 1. Therefore, f{x) is continuous but not
differentiable at x = 1.

F(x) = 2x—1 for0<x<1
Y= 1 forl<x
liml=1

x—1

lIim2x-1)=1

x—1

AD=2(1)-1=1

Since lim f(x)=1= f(1), f{x) is continuous
x—1

atx=1.

The graph of f{x) at x = 1 does not have a
tangent line, so f{x) is not differentiable at
x = 1. Therefore, f(x) is continuous but not
differentiable at x = 1.

) x forx#1
f(x)={2 forx=1
Iimx=1
x—1

A =2

Since lirn1 f(x)=1£2= f(1), f{x)isnot

continuous at x = 1. By Theorem 1, since f{x)
1S not continuous at x = 1, it is not

differentiable.

L forx#1
S()=1x-1

0 forx=1

lim f(x) = lim ! is undefined. Since
x—1 x—=1x—1

lim f(x) does not exist, f{x) is not continuous
x—1

atx = 1. By Theorem 1, since f{(x) is not
continuous at x = 1, it is not differentiable.
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50 Chapter 1 The Derivative
x—1 for0<x<l1
20. f(x)=41 forx=1
2x—2 forx>1
lim(x—-1)=0=lim(2x —2), but f{1) = 1, so f{x) is not continuous at x = 1. Therefore, f{x) is not
x—1 x—1
differentiable at x = 1.

X =7x+10 _ (x=5)(x-2)
x-=5 x-=5

21.

=x—2, sodefine A5)=5-2=3.

X Hx-12  (x+4)(x-3)
x+4 x+4

22,

x—3 so define {—4)=-4-3=-7.

¥ -5x2 +4
2

It is not possible to define f{x) at x = 0 and make f{x) continuous.

23.

x> +25
x=5
It is not possible to define f{x) at x = 5 and make f{x) continuous.

24.

(6+x)2—36 ~ (x2+12x+36)—36_x2 +12x

25. =x+12
X x X
So, define f{0) = 12.
V9+x -9 Jo+x++9 1 1 11
26. . = , so define f(0)= = =—.
x V9+x+49 9+x+9 J9+0+49 3+3 6

27. a. The function 7(x) is a piecewise-defined function.
For 0 <x <27,050, T(x) = .15x.
For 27,050 <x < 65,550, we have
T(x)=.15-27,050+.275-(x—27,050) =.275x —3381.25
For 65,550 <x <136,750, we have
T(x)=.275-65,550—-3381.25+.305(x — 65,550) = .305x — 5347.75
All together, the function is
A5x for 0 < x <27,050
T(x)=4.275x—-3381.25 for27,050 < x < 65,550
.305x—5347.75 for 65,550 < x £136,750

b. T(x)

36,361 4 ————————m——m———

14,645 +—-—————-

4057.5 -~

} } } f z
0 27,050 65,550 100,000136,750
Taxable income in dollars
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28.

Section 1.5 Differentiability and Continuity 51

7(65,550) is the maximum tax you will pay for income below the third tax bracket. 7(27,050) is the
maximum tax for income below the second tax bracket. The maximum tax on the portion of income in
the second tax bracket is 7(65,550) — 7(27,050) = 10,587.5 dollars.

The function 7(x) is a piecewise-defined function.
For 0 <x <£27,050, T(x) = .15x
For 27,050 <x < 65,550, we have
T(x)=.15-27,050+.275(x — 27,050) = .275x — 3381.25
For 65,550 <x < 136,750, we have
T(x)=43057.50+.275(65,550 — 27,050) +.305(x — 65,550) = .305x — 5347.75
For 136,750 <x <297,350, we have
T(x)=.305-136,750 —5347.75 +.355(x —136,750) = .355x —12,185.25
For 297,350 < x, we have
T(x)=.355-297,350-12,185.25+.391(x — 297,350) =.391x — 22,889.85
All together, we have

A5x for 0 < x <27,050

275x—-3381.25  for 27,050 < x £ 65,550
T(x)=1.305x-5347.75  for 65,550 < x £136,750

.355x—12,185.25 for 136,750 < x < 297,350

.391x —22,889.85 for x>297,350

Y 30. a. For0<x<50,R(x)=.10x.
(297350, 93374) For x > 50, R(x) = .10(50) + .05(x — 50)
(136750, 36361) =2.50 +.05x
s - All together, we have
(65550, 14645) 10x  for0<x<50
27050, 4057.50) k= {.OSx +2.50 for x > 50
(0, 0)
T(297,350) — 7(136,750) b. Let P(x) be the profit on x copies.
= 9337436361 = $57.013 For 0 <x <50, P(x) =.10x —.03x = .07x
For x > 50, P(x) =2.50 + 0.5x — .03x
The function R(x) is a piecewise function =2.50+.02x
For 0 <x <100, R(x) =2.50 + .07x. All together, we have
For x > 100, we have 07x for 0<x<50
R(x) = 2.50 +.07 -100 +.04(x — 100) P(x) = {.02x +2.50 for x> 50
=5.50+.04x
All together, we have 31. a. The rate of sales is the slope of the line
07x+2.50 for 0< x <100 connecting the points (8, 4) and (10, 10).
R(x)_{.04x+5.50forx>100 Y2y _10-4
Let POc) b th p . X, —x; 10-8
ng O(z)x E ; Otz)p rofit on.x copies. The rate of sales between 8 a.m. and 10
POY) 550+ .67x  03x=250+ 0dx a.m. is about $3000 per hour.
For x > 100, b. We need to find the 2-hour period with
P(x) =550+ .04x —.03x =5.50 + .01x the greatest slope. Looking at the graph
All together, we have gives 3 possibilities:
P(x) = {.04x +2.50 for 0 < x <100 8 a.m. — 10 a.m., m = 3 (from part a)
.01x +5.50 for x>100 12 p.m. -2 p.m,
m=22"Y1_ 16-12 _
X, —x 14-12
22-18
6 pm.—8pm., m S—6 2

The interval from 8 a.m. to 10 a.m. has the
greatest rate, which is $3000 per hour.
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52

32.

33.

34.

1.6

Chapter 1 The Derivative

a. Find the slope for each 2-hour interval.

1_
Midnight—2 am., m=2—= Lo os
2 4
1—% 1

2am—4am, m=—==—=.25

2 4
4 am.— 6 am., m=ﬁ=l=.5

2 2
6am—8am., m= ﬂ =1

2
8am—10am., m= M =3
10 am.— noon, m = 12;10 =1

The intervals midnight—2 a.m. and 2 a.m—
4 a.m. have the same sales rate of $250 per
hour.

The intervals 6 a.m.—8 a.m. and 10 a.m—
noon, have a sales rate of $1000 per hour.

b. 4,000 — 0 = $4,000 between midnight and

8 a.m.

10,000 — 4,000 = $6,000 between 8 a.m.
and 10 a.m.

The sales between 8 a.m. and 10 a.m. are
50% more than the sales between
midnight and 8 a.m.

For the function to be continuous, lim f(x)
x—0

must exist and equal f{0). Therefore

lim(x+a)=1liml, soa=1.
x—0 x—0

For the function to be continuous, lim f(x)
x—0

must exist and equal f0). Therefore,

lim 2(x—a) = lim x% +1
x—0 x—0

2(—a) = (0)> +1
—2a =1

a=-—

2

Some Rules for Differentiation

. y=6x3
& _d

= (6x3) =18x2

y=3x4
y_d

s (3x4) =123

10.

y=3%/;=3x1/3

P i(3x1/3) _L 5
dx dx 3
T 11

w23 32

(é J e

f(x)=12+7i3

d 1 d(1

—| 124+ — :—1 +—| —

dx( 73) (12 dx(7)
—O+O—O

f(x)=)c4+)c3 +x

i(x“ +x° +x)=ix4 Loy

dx dx dx dx
=4x% +3x% +1

y=4x3—2x2+x+l

dy d(4x 2x2+x+1)

dx dx
_d 3\ d o\ d d
—5(4% )—E(bc )+E(X)+£(l)
=12x? —4x+1

y=Q2x+4)°

dy d

(2 +4) —3(2x+4) —(2x+4)
dx

= 3(2x +4)%(2) = 6(2x +4)

(e
%:%(xz—lf =3(x2—1)2 ;i(x —1)

=3(x2—1) (2x) = 6x(x —)
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11.

12.

13.

14.

15.

16.

17.

y
d_y d(x +x +1)
dx dx
=7(x +x2+1)6%(x3+x2+1)
= 7(x3 +x2 +1)6 (3x2 + Zx)
y=(x2+x)_2
%z%(x2+x)_ ——2(x2+x) 3%()c2+x)
=—2(x2+x)_ (2x+1)
y:xiz:4x 2
Y _,4 2__8
dx dx x°
y=4(x*-6)7
d—y=i4(x2—6)_3
dx dx

y
dy _
dx

y:

dy
dx

= (x3 +x? +1)7

- —12(x2 - 6)_4 %(x2 - 6)

=2x? +1)72P (4x) = (4x)(2x2+1)_2/3

= 2\/x +1=2(x+1)"?

2( +D)V2 = (x+1)” 2.4 —+D)

_ 120y — —1/2 __ 1
x+D) 77 M) =(x+D —\/m

2x+()c+2)3

_4 Ned oy 4 3

—dx(2x+(x+2) )_dx2x+dx(x+2)

=2+3(x+2)2di(x+2)=2+3(x+2)2(1)
X

=2+3(x+2)2

Section 1.6 Some Rules for Differentiation 53

18.

19.

20.

21.

22,

23.

y=(x—1)3 +(x+2)*
g ((x 13 +(x+2)4)
:au—n

= 3(x—1)2%(x—1)+4(x+2)3%(x-i—Z)

d 4
+—(x+2
52

=3(x=D)2(D)+4(x+2)° ()
=3(x-1)% +4(x+2)°

T OB

y=2+)?+3(x2 - 1)

e (GRS REI e
=%(x2 +1)2 +%3(x2 —1)2

=2(x? +1)%(x2 +1)+6(x? —1)%(# -1)
=2(x? +1)(2x) + 6(x” =1)(2x)
= 4x(x? +1)+12x(x” - 1)

y=——= (+* +1)_1

x” +1
%—;i( +1) —(x3+1)_2%(x3+1)
- (x + 1)72 (3x2) =-3x2 (x3 + 1)72
__ 3x?
(x3 + 1)2

2 .
=—=2(x+1
Y x+1 x+D

dy _ d -1_ 2 d
o 2(x+1)" =-2(x+1 o (x+1)
- _ 2
= 2(x+D)2(1) = 2(x+1) 7> ST

1 -1
=x+——=x+(x+1
Y x+1 ( )

4

ix+i(x+1)‘1
dx dx dx

=di(x+(x+1)‘1)=

X

=l+(—(x+l)_zi(x+l))
dx

=1+ (—(x + 1)‘2(1)) —1-(x+1)72

Copyright © 2018 Pearson Education Inc.
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24,

=

25.

26.

27.

28. y=

29, y=

Chapter 1 The Derivative

y= 2m - 2(x2 +1)l/4
dy d
- wl d
= %(xz + 1)_3/4 (2x)= x(x2 + 1)—3/4
f(x)= SM — 5(3x3 n x)1/2
% = %[5(3;& +x)1/2} _ 5%(3)(3 N x)m
‘%(3)63 +x)

45x% +5
2\/3x3 +x

=5 '%(3x3 + x)71/2

5(9x2+1)
B 2\/3x3+x
y=;=()c3+x+l)71
P ax+l
d—yzi(x3+x+1)_1
dx dx

i()c3 +x+1)

——(x3 +x+1)_2 o

——(x3+x+1)_2(3x2+1):— 3 41

y= 3x+7°

b d(3x+ 3)=i3x+izz3=3
dx dx dx dx

1+ x? =(1+x2)l/2

dx dx

-l
:%(1”2) o :x

i+ x+x? =(1+x+x2 v

ﬂ=i(1+x+xz)l/2

ﬂ—i(H

#2222

(x3 +x+1)2

2)7 = 142) " L1 ?)

)

dx dx
:%(l+x+x2)7l/2 %(l+x+x2)
1 -1/2 1+2
=E(1+x+x2) -(1+2x)=2—1++x_jx2

30.

31.

32.

33.

34.

y=L=(2x+5)7l

2x+5
dy d -1
2x+5
o ( )
S 2x45)2 L (2x45)
dx
ST S J— :
(2x +5)
2 -1
2 =2(1-5
Y=g, - 2050

%:E[Z(I—Sx)_l} = 2-%[(1—5@‘1]

=2.(-1)(1-5x)72 -i(l ~5x)
dx
=-2(1-5x)2-(-5)=10(1-5x) 2
10
(1 - Sx)2

P

F
12

x|:7(1+x) }

( )(1+)3/2 L +x)

7
Y L P RS Y P —
( )( ) 2(1+ x)Y?
45 y2\7!
= 4514 x+
Y i xix (1rea?)
Y _ d[45(1+x+xl/2)_1}
dx dx

= 45(— l)(l+x+xl/2) o (1+x+x1/2)

- —45(1+x+\/§)_ (1+ 2x1/2)

y=(l+x+xz)11

d—y=i(l+x+x2)11
dx dx
=11(1+x+x2)10%(1+x+x2)

=11(l+x+x2)10(1+2x)
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Section 1.6 Some Rules for Differentiation

35. y=x+l+/x+l=x+1+x+D"? 40. f(x)=x""+1+1-x, (0,2)
%=%(x+l+(x+l)l/2) f’(x)=%(x10+l+\/1—x)
ARG —10x° +- L= p)2
dx dx  dx dx
1 -
=1+ (D) 12 =10x9+G(1—x)‘“2-(—1))
36 _ 2 :10x9— !
s yEAY 21-x
dy _d( 2 1 1
—=—\T"x|=7 ’ 9
slope = f7(0) =10(0)” — =——
dxdx( ) pe = /1O =100~ =5="3
3/2
37. f(ﬂ:[%ﬂj 41 y=x’+3c-8
,_d (3 2
32 12 Yy =—(x"+3x-8)=3x"+3
A TN I T E VI el R ! )
dx| 2 2| 2 dx| 2 slope = /"(2) =3(2)> +3=15
1/2
1 V' =3x2+3, atx=2, y' =15
_3 ﬁ +1 (l x—l/zj To find the equation of the tangent line, let
21 2 4 (x1, ¥1) =(2, 6) and the slope = 15.
3 (Jx )7 y-6=15(x-2)= y=15x-24
R
o 43. y=f(x)=(x*-15)°
-1 _ d d 6
1 1! @ _4d(2_
38. y=(x—;) =(x—x l) dx_dx(x 15)
s d
- =6(x*-15) - —(x*-15
b_d (x_x—l)l (2 -15) dx( )
dx dx 2 5 2 3
Ny =6(x* ~15) -2x=12x(x* -15)
=(—1)(x—x_1) —(x—x_l)
dx ’ 2 5
e s f(x)=12x(x —15)
=—(x—x ) (1—(—1)x ) 5
2 1 slope = f7(4) =12(4)(16 —15)° =48
(x x) ( xz) f@) =4 -15°=1
B 1'|')CL2 B x2+1 Let (xls yl)=(4$ 1)’ SlOpe:48.
- 27 y—1=48(x-4)= y=48x-191

(x—i) (x2 —1)2
39. f(x)=3x?-2x+1, (1,2)
(%) =i(3x2 —2x+1)=6x-2
dx
slope= f'(1)=6(1)-2=4
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56 Chapter 1 The Derivative
Moy= )=
) X2+ x+2
) —
224242

f(x)= %S(x2 +x+ 2)71
= 8(—1)(362 +x+2)_2 ~%(x2 +x+2)

=-8(x? +x+2)_2 (2x+1)
_ —8(2x+1)

a 2

(x2+x+2)

, -8(4+1) 40 5
slope= f'Q)=——=——=-=
pe=/ (4+2+2)2 64 8

Let (x1, ¥1)=(2, D).

5 5x 10
“l=—-2(x-2)=y=-"t+—+1=
y 8(x )=y s g
__ .9
8 4

45. f(x)=0Cx>+x-2)*

46.

i(3)62 +x—2)2

dx

=2(3x2 +x—2)-%(3x2 +x—2)
=2(3x” +x-2)(6x+1)

=36x> +18x% —22x—4

a.

b. (3x2 +x—2)(3x2 +x—2)
=9x4 +3x3 —6x2 +3x3
+x2—2x—6x>-2x+4
=9xt +6x° —11x% —4x+4

i(9x4 +6x3 —11x% —4x+4)
dx

=36x> +18x> —22x—4
A1) - g@]= L[ £+ (~20)]
dx dx

= %f(x) + %(—g(x)) (sum rule)

-4 S(x)+ 4 (-Dg(x) (const. mult. rule)
dx dx

d d
= /D=8

47. fi1)=6(1)+1=16,s0g(1)=3f1)=4.38.

f'(1) =.6 (slope of the line),
gH=3/(1)=18

48.

49.

50.

51.

52.

53.

54.

h(1) =f(1) + g(1) =—4(1) + 2.6 +.26(1) + 1.1
=3.56
)= fH+g'()=-4+26=-14

h(5)=3£f(5)+2g(5)=3(2)+24)=14
R(S)=3f'(5)+2g’(5)=3(3)+2(1) =11
f(x)=2[gx)7P

f/(x)=6[g(0)])*g"(x)

3 =2gB)I =22)* =16
7'(3)=6(2)24=96

J(x)=35yg(x)

e = 5 ,
S(x) 2@g (x)

f)=5Jg() =54 =10
15

My ()= 3=
f(l)—2 g(l)g(l) 2\/23 2

W) =[] + el =17 +/4=3
W) = 2[f ()] /() + %[g(ao]‘” 2 /()
Ky =2[FM] 1) +%[g<1)]“/ ()

= 200D+ 3 (4 Py =1

% = x> -8x+18= 3, since the slope of
X
6x—2y=11is3.

X -8x+15=0= (x-5)(x-3)=0=
x=50rx=3
Fit 3 and 5 back into the equation to get the

points (3, 49) and (5, %) .

D32 _12x-34=2
dx
3x2 -12x-36=0
x?—4x-12=0
(x—6)(x+2)=0
x=-2or x=6
Put -2 and 6 back into the equation to get the
points (=2, 27) and (6, —213).
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55. y=£fx)

56.

1.7

3-5 1

0-4 2
Let (xl, yl) = (4, 5)

slope =

1 1
y—S—E(x—4):>y—5x+3
f(4):%(4)+3:2+3=5

4y =L
S ®=7
y=f(x)=%x2—4x+10

7(6)= %(6)2 —4(6)+10=4

The slope of the tangent line at (6, 4) is

f/(x)Z%(%xz—4x+10):%-2x—4:x_4

f(6)=6-4=2

Now find the equation of the tangent line. Let

(x1, 1) = (6, 4).
y-4=2(x-6)=y=2x-8

To find the value of b, let x = 0 and solve for y.
y=2(0)-8=-8

More About Derivatives
1) = (12 + 1)5

%( 2 +1)5 =5(t2 +1)4 -%(rz +1)

=5(t2 +1)4 (21)
- 10t(t2 +1)4

f(P)=P>+3P?-7P+2
d

—(P3+3P2 —7P+2)=3P2 +6P—7
dpP

v(t) =42 +11t +1=412 +11672 +1
i(4t2 +11/72 +1)=8t+£t’1/2

dt 2

g =y"-2y+4
d ~
d—y(y ~2y+4)=2y-2

y=T>—4T* +37% -T -1
ﬂzi(T5—4T4+3T2—T—1)
dT  dT

=5T*—16T3 +6T -1

10.

11.

12.

13.

14.

15.

16.

Section 1.7 More About Derivatives

x=16t>+45t+10

dx =i(16t2 +45t+10) =321+ 45
di di

i(spz —1P+1) —6p-L
dpP 2 2

% s?+1 :%( 2 +1)l/2
%(sm)*/z%(sm)

(52 ) " ) =2

\/s2+1

%(aztz +b%t+c%)=2a%t+b* +0

=2a’t+b>

j—P(TZ +3P)3

3(T2+3P)2 3

y=(x+12)°
V' =3(x+12)2
y'=6(x+12)=6x+72

_ _ /2
y=~vx=x

L
=—x
Y7y

y=x+1=(x+1)"?

,_ 1 -12
=—(x+1
y'=5 (x+1)

s 11 31 -32
y'= 2(2)(x+1) = 4(x+1)

V=22 +3t+11
Vi=4t+3
V”=4

Copyright © 2018 Pearson Education Inc.
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58 Chapter 1 The Derivative

17.  f(r)=nr?
f'(r)y=2mr
f"(r) =2x

18. y=x%+3x>
y' =6x
y/l:6
19. f(P)=(3P+1)°
d
‘(P)=53P+1)* —@P+1
f(P)=5( ) p( )
=5@P+1)*-3=153P+1)*
d
”(P)=603P+1)> - — (3P +1
S (P)=60( )5l )
=60(3P+1)°-3=180(3P +1)°
20. T=(+20)%+7

T/ =2-(1426)-2+3t% = 4+81 +3¢*
T” =8+6t

4 2| 4a
21 —-(2x+7) —[2(2x+7)dx(2x+7)}

x=1 x=1

=[42x+7)] _,
=4(2()+7) =36

22. i(tuL)
dt t+1)],_,

=i(t2 +(t+1)_1)

dt

t=0

- [Zt +(=D(+1)7 %(r + 1)}

t=0

23. i(z2 +2z+1)7
dz

z=-1

= [7(22 +2z+1)8 i(z2 +2z+ 1)}
dz

z=-1
=72z 42)(z2 422+ 1)6‘ »
=7(2(-1) +2)((—1)2 +2(—1)+1)

=0

24.

25.

26.

27.

28.

29.

’ (3)(?4 + 4x2)

=
dx oo
di(sx“ + 4x2) =12x% +8x
X
di(12x3 +8x) ~36x2+8
X
d2

ax’

=36(2)> +8=152
x=2

3x* +4x
(3" +427)

d2
—(Bx" =x"+7x-
d2(33 24+7x-1)
X
d(,3 2 2
d—(3x -X +7x—1)=9x -2x+7
X

d

= (9x? -2x+7)=18x-2
ol )

x=2

42
ax’

)
dx \ dx

GxP=x2+7x-1)| =18(2)-2=34

x=2

,Wherey:x3+2x—ll

<
U
—_—

x3+2x—11)=3x2+2

%(3x2 + 2)

=6x| _ =6(1)=6

x=

f’(1) and (1), when f(¢) = ﬁ

L@ =D+, ) =-2+1)7 = _é
£ =(2)(-D2+0)7,
=22+ = 3% _ %

2’(0) and g”(0), when g(T) = (T +2)°.

g(T)=3(T+2)> = g’(0)=3(0+2)> =12
g’ (T)=6(T+2)= g”(0)=6(0+2)=12

4(a0)
de\ dt ),_y,

dv_d(,3 4| g2_4
dt dt t 2

t
4
1(99——2) =(18t+§3)
dt " Ni=2 " =2

:18-2+%:36+1=37
2

, where v(t) =3¢ +§
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30.

31.

32.

33.

34.

d(dvj where v = 2¢ +L

de\ d t+1

dv_d

dt dt
o d

=4t+(-1)(t+1) E(Hl)

(2t2 +(t+1)’1)

=4t —(1+1)7>

d(dv) d 5
dt(dt) dt(4t ¢+ )

A 24
=4—-(-2)(t+1) dt(t+1)
L2

(t+1)3

R =1000+80x — .02x2, for 0 < x <2000

d—R=80— .04x

dx

d—R =80 .04(1500) = 20

dx |y _1500

V=20(1— 100 2), 0<t<24
100+1¢

V= 20—2000(100+z2)71

v _ 2000(100+t2)_2 .i(loo+12)
di dt
- 2000(100+t2)_2 21

= 40001(100+t2)_2

av|  __4000010) _
dt |i-10 (1oo+102)2
s=PT
ds = i(pT) =T
dP  dp
s _ i(PT) =P
dT  dT
s=PT
s _ i(PZT) —2PT
dp  dp
2
45 _ 4 opry=or
42p  dp
b. £=i(P2T)=P2
dT  dT
d2 d (P2)=
d’T dT

3s.

36.

38.

39.

40.
41.

42.

Section 1.7 More About Derivatives 59

s=sz+3xP—i-T2

a. £=i(Tx2+3xP+T2)=2Tx+3P
dx dx

b, &_4d (Tx +3xP+T2) 3x
dP  dP

o, B_d (Tx +3xP+T2) x2 42T
AT dr

s=7x2y\/;
2

P ()= L

=14z

d’s d?

b. Wj dy (7x y\/7) (7x2\f)
d _yn X2

& dj dz(7 Y J—) 2 = 2)i/2y

C(50) = 5000 means that it costs $5000 to

manufacture 50 bicycles in one day.
C’(50) = 45 means that it costs an additional

$45 to make the 51% bicycle.
C(51) = C(50) + C’(50) = 5000 + 45 = $5045

R(x)=3x—-.01x>, R'(x)=3-.02x
a. R’(20)=3-.02(20) = $2.60 per unit

b. R(x)=3x-.01x*>=200=.
x =100 or x = 200 units

A—-dB—->bC—aD—c

a.  When 1200 chips are produced per day,
the revenue is $22,000 = R(12) =22,

and the marginal revenue is $.75 per chip
= R’(12) =8$.075 thousand / unit (8$.75
per chip = $75 per unit = $.075
thousand/unit)

b. Marginal Profit = Marginal Revenue —
Marginal Cost
P'(12)=R'(12)-C’(12)=.75-1.5

=—$.75 per chip

Since C(12) = 14 and R(12) = 22, then

P(12) — C(12) = 8. Since P'(12) =—.075, then
P(13) =8 —.075 =7.925.Thus, it is profitable
to raise the production level to 1300.
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60

43.

44.

45.

46.

Chapter 1 The Derivative

The sales at the end of January reached
$120,560, so S(1) =$120,560.

Sales rising at a rate of $1500/month
means that S’(1) = $1500.

At the end of March, the sales for the
month dropped to $80,000, so

S(3) =$80,000. Sales falling by about
$200/day means that

57(30) = —$200(30) = —$6000.

S10)=3+ % = $3.07438 thousand
(10 +1)
$7(10) = _m3=—%08ﬂ4mwwMMw
(10+1)

Rate of change of sales on January 2:
—$0.667 thousand/day (down $667/day),
Rate of change of sales on January 10:
—$0.013524 thousand/day (down
$13/day). Although sales are still down on
January 10, the rate at which the sales are
down is increasing, and since the rates are
negative, this implies sales are getting
better.

S10)=3+ % =~ $3.074 thousand

S’(10) = IT138 = $—.0135 thousand/day

S(11) = S(10) + S(10)
~3.07438 + (—.013524)
= $3.061 thousand

SA1)=3+ 1212 =$3.0625 thousand
24 36

T(1)=—+————75="95.25 thousand
5 53(1)+1)

T'(x) = %(25—4+%(3x+1)_2j
= —%(3“1)*3(3)

=—2—;6(3x+1)*3

(1) = —2—;6(3(1) 1)

= —$.675 thousand/day
S1)=3 +% =$5.25 thousand

NOE —% =—$2.25 thousand/day

47.

48.

49.

50.

b. According to both functions, the sales
were $5250 on January 1. However, the
rate at which sales fell on that date differ.
T(x) gives a much smaller rate of sales

dropping then S(x).

a.  When $8000 is spent on advertising, 1200
computers were sold , so A(8) =12, and

sales rising at the rate of 50 computers for
each $1000 spent on advertising means
that A’(8) =.5.

b. A(9) = A(8)+ A’(8) =12.5 (hundred)
=1250 computers
If the company spends $9000 on
advertising, 1250 computers will be sold.
S(n): The number of video games sold on

day 7 since the item was released.
S’(n) : The rate at which the video games are

being sold on day n since the item was
released.
S(n) + S’(n) : The approximate number of

video games sold on day n + 1 since the item
was released.

a. f(x)z)c5 —x*43x
f'(x)= Sxt—4x? +3
£7(x)=20x> —12x2
£7(x) = 60x% — 24x

b. f(x)=4x"?
f(x)=10x""2
() =15x"2

" _E -1/2 _i

@)=t = e
a. f(O)=t"

7(y=10¢°

77(t) =90¢%

F7(6) =720t

N S -1

b. f(z)= - =(z+)5)

f(2)==(z+57"
f(2)=2(z+5)"
6

”r :_6 5_4:_
1@ =85 =
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51.

52.

X

fx) =

1+ x2

X .
Y, =——5; Y, =nDeriv(Y;, X, X)
1+X
Y; = nDeriv(Y,, X, X)

U
b

(-4, 4] by [2,2]

C(x) = .005x> = .5x% +28x +300

a.

[0, 60] by [~300, 1260]

b. C(x)=535

,,_.a-'

Inkgrseckion
n=in

Y=Lk

Graphing the line y = 535 and using the
INTERSECT command, the point
(10, 535) is on both graphs. A level of

production of 10 items has a cost of $535.

c. C'(x)=14

Graph the derivative:
Y, = 015X? —X +28 and Y, =14.

K\HM

Inkgrseckion
n=gn =iy

| o ———

i

Inkgrseckion
W=YE.BBEBEY V=14

[0, 60] by [~10, 50]

_——————

Section 1.8 The Derivative as a Rate of Change 61

Using the INTERSECT command, the
points (20, 14) and (46%, 14) are on

both graphs. The marginal cost will be
$14 at production levels of 20 items and
47 items.

1.8 The Derivative as a Rate of Change

1. f(x)=x>+3x

a. Overl<x<2,

F®)-fi@) (2 +3(2)- (7 +3()
b-a 2-1

b. overl <x<1.5,

f(b) - f(a) ~ (1.52 +3(1.5))—(l2 +3(1))
b—a 1.5-1

_ 6.75-4 _55
5

c. overl<x<Il.,

£y~ f(a@) (1.12 +3(1.1))—(12 +3(1))
b-a 1.1-1
_4s1-4_

1

2. f(x)=3x2+2

a. Over0<x<.5,

FB)- @) (35 +2)-(3:-0°+2)
b—a - S5-

b. over0<x<.l,

S - f@) (317 +2)=(3:-07+2)
b—a B 1-

=

c. over(0<x<.0l,

fb)- f(a) _ (3‘.012 +2)—(3-02 +2)
b-a 01-0
_ 2.0003-2 — 03

.01
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62 Chapter 1 The Derivative

3. f(x)=4x>
a. Overl<x<2,
f(B)-f(a) _4(2)° -4()* _16-4 1
b-a 2-1 1
over 1 <x<1.5,
f(B) - f(a) _4(1.5)° —4()> _9-4 1o
b-a 1.5-1 5
over 1 <x<1.1,
fb)-f(a)  41.D)*—41)? 484—4
b—a  1L1-1 .1
=84

b. f/(x)=8x= f/(1)=8

4 f=-2

x
a. Overl<x<2,

s @ _~5=(-1) _3+6

= =3
b—a 2-1 1
over 1 <x<1.5,
6 6
)~ r@ _~i5=(=1)_-4ve_,
b—a 1.5-1 5
over | <x<1.2,
6 6
S~ f@_ =5~ (1) s

b-a 1.2-1 2
, 6 , 6
b. f(x)=—2=>f(1)=1_2=6
x

5. f()=t>+3t-7
a. Over5<x<6,
S () - f(a)
b-a
67 +3(6)-7- (52 +3(5) - 7)
- 6-5
=36+18-7-25-15+7=14
b. [f'(t)=2t+3
7(5)=2(5)+3=13

6. f(t)=3t+2—%
a. Over2<t<3,
f() - f(a)
b—a
303)+2-2-(32)+2-2)

3-2
=9+2-4-6-2+6=5

10.

11.

b. f’(t)=3+%
t
12
‘2)=3+—==3+3=6
f@)=3+

s(r) =212 + 4t
a. s'(t)=4t+4
s’(6) = 4(6) + 4 = 28 km/hr

b. s(6)=2(6)>+4(6)=72+24=96 km

c¢. Whendoes s'(£)=67?
s'(t)y=4t+4
6=4+4=>t= %
The object is traveling at the rate of 6
km/hr when ¢ :% hr.

£(t)==3t>+32t+100
Over3<t<4,
S(®)-f(a)
b-a
_ -3(4)? +32(4) +100 — (-3(3)2 +32(3) +100)

4-3
=-48+128+100+27-96-100
=11 units/day

(1) =—6t+32
£(2) =—6(2) +32 =20 units/day

1
£=60t+t> ——¢t°
f@® B
f’(t)+60+2t—%tz

1(2) = 60+2(2)—%(2)2 =60+4-1
= 63 units/hour
F()=5t+~t
S
S (t)_5+2\ﬁ

S @=5+ L 5 +% =5.25 gallons/hour

24

s(t)= -6t +72t
a. v(t)=s'(t)=—-12t+72 ftpersec

b. a(¢f)=Vv'(t)=-12 ft per sec per sec

Copyright © 2018 Pearson Education Inc.



C.

Section 1.8 The Derivative as a Rate of Change 63

The velocity is zero when the rocket
reaches its maximum height, so find the

maximum height by solving v(¢) = 0.
-12t+72=0=1=6

The rocket reaches its maximum height at 14.

6 seconds.

d. The maximum height is

12.

5(6)=-6-6>+72-6=216 ft.

a.

b.

d.

f.

The slope of the tangent line at 4 is
steeper than the slope of the tangent line
at B, so the car was going faster at A.

The velocity is decreasing at B. The car
was going slower at B than at 4, so the
car’s acceleration was negative at B.

The tangent line at C is horizontal, with
slope 0, so the car’s velocity is 0.

The slope of the tangent line at D is
negative, so the car’s velocity is negative.
In other words, the car is traveling
backwards at D.

At E, the car is back at its starting point
and is at rest. (Its velocity is 0.)

After F, the car’s velocity is 0.

13. s(¢)=1607 —16¢>

a.

s7(£) =160 32¢
57(0) =160 —32(0) =160 ft/sec

16.

5°(2) =160 -32(2) = 160 — 64 = 96 ft/sec

s”(t)=-32
s”(3) =-32 ft/sec?

When will s(¢) = 0?
160t —16t2 =0=16¢(10~1) =0 =
t=0secort=10sec

The rocket will hit the ground after 10
sec.

e. Whatis s’(¢#) whent=10?
s’(10) = 160 — 32(10) = 160 — 320
=-160 ft/sec

s()=1>+1¢

a.  When will s(f) = 20?
0= +t=12+1-20=0=
(t-4)(t+5=0=>t=4o0rt=-5
¢t must be positive, so the helicopter takes
4 seconds to rise 20 feet.

b. s'(t)=2t+1
s'(4)=2(4)+1=9 feet/second
s"(t)=2
s”(4) =2 feet/second?

. A. The velocity of the ball after 3 seconds is

the first derivative evaluated at ¢ = 3, or
s’(3). The solution is b.

B. To find when the velocity will be 3 feet
per second, set s’(¢) =3 and solve for ¢.

The solution is d.

C. The average velocity during the first
3 seconds can be found from:

f(B)= f(a) _s3)-5(0)
b-—a 3
The solution is f.

D. The ball will be 3 feet above the ground
when, for some value a, s(a) = 3. The
solution is e.

E. The ball will hit the ground when s(f) = 0.
Solve for . The solution is a.

F. The ball will be s(3) feet high after
3 seconds. The solution is c.

G. The ball travels s(3) — s(0) feet during the
first 3 seconds. The solution is g.

f(b)- f(a) _474-45 =ﬁ=48 mi/hr
b-a 1.05-1 .05

To estimate the speed at time 1 hour, calculate

the average speed in a small interval near one

hour:

f)- f(a) _ £A.0H- £ _ 45.4-45
b—a 1.01-1 .01

= i =40 mi/hr
.01
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17.

18.

19.

Chapter 1 The Derivative

s()=1>+3t+2
a. s'(t)=2t+3
s’(6)=2(6)+3=12+3=15 feet/second

b. No; the positive velocity indicates the
object is moving away from the reference
point.

¢. The object is 6 feet from the reference
point when s(f) = 6.

s()=1>+3t+2=6

P2 4+3-4=0=(+4)(-1)=0=
t=—4ort=1

Time is positive, so ¢t = 1 second. The
velocity at this time is:

s’ =2(1)+3 =5 feet/second

a. Ifthe car travels at a positive steady
speed, the distance of the car from New
York will increase at a constant rate. The
distance function will be a straight line
with a positive slope. The answer is b.

b. Ifthe car is stopped, the value of the
distance function will not change, so the
function will be a straight line with slope
of 0. The answer is c.

c. Ifthe car is backing up, its distance
function will have a negative slope. The
answer is d.

d. [If'the car is accelerating, its velocity is
increasing, so the slopes of tangents to the
distance curve are increasing. The answer
is a.

e. Ifthe car is decelerating, its velocity is
decreasing, so the slopes of the tangents to
the distance curve are decreasing. The
answer is e.

(100 = 5000
£7(100) =10
Sfla+h)=f(a)=f"(a)-h
Sfla+h)y=f'(a)-h+ f(a)
a. 101=100+1
£100+1) = £7(100)-1+ £(100)
~10+5000 = 5010
b. 100.5=100+.5
£(100+ .5) = £(100)-.5+ £(100)
~10-.5+ 5000 = 5005

20.

c. 99=100+(-1)

£(100 + (=1)) = £/(100) - (=1) + £(100)
~10-(=1)+ 5000 = 4990

d. 98=100+(-2)

£(100+(=2)) = £7(100) - (=2) + £(100)
~10(~2) + 5000 = 4980

e. 99.75=100+ (~25)
7100+ (~25))
= £7(100)-(=.25) + £(100)
~10(.25) + 5000 = 4997.5

f25)=10
f@25=-2
Sfla+h)y=f'(a)-h+ f(a)
a. 27=25+2
F(25+2) = £/(25)-2+ £(25)
~-2:2+10=6
b. 26=25+1
S5+ = f7(25) -1+ f(25)
~-2-1+10=8

c. 2525=25+.25
f(25+.25) = f7(25)- .25+ f(25)
=-2-25+10=9.5

d. 24=25+(1)
S5+ (1) = f1(25)-(=1)+ f(25)
=~=2-(-)+10=12
e. 23.5=25+(-L5)

F(25+(-1.5)) = £/(25)- (-1.5)+ £(25)
~2-(-1.5)+10=13

21. fi4)=120; f'(4)=-5

Four minutes after it has been poured, the

temperature of the coffee is 120°. At that time,

its temperature is decreasing by 5° per minute.

At 4.1 minutes: 4.1 =4+ .1

f@A+.D = f/@)- 1+ f(4)
==5.-.1+120=119.5°

22. 3)=2; f'3)=-5

Three hours after it is injected, the amount of
the drug present in the bloodstream is 2 mg. At
that time, the concentration of the drug is
decreasing by .5 mg/hour.
At3.5hours:3.5=3+.5
JB+5)=f'(3)-5+f(3)
==5-54+2=1.75mg
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23. £(10,000) = 200,000; £’(10,000) = -3

When the price of a car is $10,000, 200,000
cars are sold. At that price, the number of cars
sold decreases by 3 for each dollar increase in
the price.

24. £(100,000) = 3,000,000; f(100,000) =30

25.

26.

27.

28.

When $100,000 is spent on advertising,
3,000,000 toys are sold. For every dollar
increase in advertising from that amount, 30
more toys are sold.

f12)=60; f'(12)=-2
When the price of a computer is $1200, 60,000
computers will be sold. At that price, the
number of computers sold decreases by 2000
for every $100 increase in price.
f12.5) = f12)+.5f'(12)

=60+.5(-2)=59
About 59,000 computers will be sold if the
price increases to $1250.

C(2000) = 50,000; C’(2000)=10

When 2000 items are manufactured, the cost

to manufacture them is $50,000. For every

additional item manufactured, there is an

additional cost of $10.

At 1998 radios: 1998 = 2000 + (-2)

C(2000 + (=2)) = C’(2000) - (=2) + C(2000)
=~10-(-2)+ 50,000 = $49,980

P(100) =90,000;, P’(100)=1200
The profit from manufacturing and selling 100
luxury cars is $90,000. Each additional car
made and sold creates an additional profit of
$1200.
At 99 cars: 99 =100 + (-1)
FA00+(=1)) = f*(100) - (=1) + f(100)
=1200(-1) + 90,000
= $88,800

a. f(100)=16; f’(100) =.25
The value of the company is $16 per share
100 days since the company went public.
At 100 days since the company went

public, the value is increasing at a rate of
$.25/day.

b. £(101)= £(100)+ £'(100) =.25+16
=$16.25/share

Section 1.8 The Derivative as a Rate of Change

29. C(x)=6x>+14x+18
a. C'(x)=12x+14
C’(5) = 12(5) +14 = $74 thousand/unit
b. C(5.25)=C’'(5)(.25)+ C(5)

— 74(25) + 238
= $256.5 thousand

c. Solve
6x% +14x+18=—x* +37x+38
7x% = 23x-20=0
(x—4)(7x+5)=02>x=40rx=—%
The break even point is x = 4 items.

d. R'(x)=-2x+37
R’(4) = $29 thousand/unit
C'(x)=12x+14
C’(4) = $62 thousand/unit

No, the company should not increase
production beyond x = 4 items. The
additional cost is greater than the
additional revenue generated and the
company will lose money.

30. f(9) =" MHED+1D

f@=0+x>7" r=15

() =—1+x%) 72 (2x);
H=-5= f(9)=(-5)(1)+.5=.55
The function will increase by .05.

31. a. f{7) = $500 billion
b. f’(7) = $50 billion/year
c. flyy=1000 at = 14, or 1994.
d.  f(t)=100 atz=14, or 1994.
32. a. Find s(3.5) =60 feet.
b. Find s'(2) =20 feet/second.
c. Find s”(1) =10 feet/second?.

d. Find s() = 120; t= 5.5 seconds.
e. Find s'(¢) = 20; =7 seconds.

65

f. Find maximum s’(¢); at t=4.5 seconds,

s’(t) =30 feet/second.
5(4.5) =90 feet
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33.

34.

Chapter 1 The Derivative

f(t)=36+.77(t— .5~

a. Graph:
Y, = .36+ .77(X - .5) 3¢
Y, =nDeriv(Y;, X, X)

Sy =r)

f

[.5, 6] by [—3, 3]
b. Evaluate at t =4.
f(4) = .85 seconds

c. Graphing the line y = .8 and using the
INTERSECT command, the point
(5.23, .8) is on both graphs. The judgment
time was about .8 seconds after 5 days.

d. Evaluate f'(¢) att=4.

f'(4) =—-.05 seconds/day

e. Graphing the line y=-.08 and f”(¢), and
using the INTERSECT command, the
point (2.994, —.08) is on both graphs. The
judgment time was changing at the rate of
—.08 seconds per day after 3 days.

s(t) =102¢ - 16¢>
s’(t)=102-32t

B

[0, 7] by [-100, 200]
b. Evaluate s(¢) at t = 2.
s(2) =140

c. Graphing the line y = 110 and using the
Intersect command, the point (5, 110) is
on both graphs. During the descent, the
ball has a height of 110 feet at 5 seconds.

d. s(6)=-90

e. Whenis s'(¢)=70?
Graphing the lines y =70 and s’(¢) and
using the INTERSECT command, the
point (1, 70) is on both graphs. The
velocity is 70 feet/second at 1 second.

f. Wheniss(¢) =0?
Using the ROOT command, at 6.375
s’(6.375) = -102 feet/second.

Chapter 1 Fundamental Concept Check

Exercises

. The slope of a nonvertical line is the rate of

change of the line. It is given by the ratio

yz—_yl, where (xl, J’1) and (xz, yz) are any
Xy =X

two distinct points on the line. The slope
measures the steepness of the line.

. The point-slope form of the equation of a line

is y—y =m(x—x), where m is the slope

and (xl, yl) is a point on the line.

. First find the slope using the formula

m=22"0 Then, use the point-slope form
Xy =X

of the equation with any one of the two given

points.

. Slopes of parallel lines are equal. Slopes of

perpendicular lines are the opposite reciprocal
of each other.

. The slope of f(x) at the point (2, f(2)) is

the slope of the tangent line to the graph of the
tangent line to the graph of y = f (x) at the

point (2, f(2)).

f7(2) represents the slope of the tangent line
to the graph of y = f(x) at the point

(2. £(2)).

. The derivative or slope formula for a line

function f (x) =mx+b is m. For a constant

function, m = 0, so the derivative is 0.
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10.

11.

12.

13.

Power rule: %(x”) — L

d(7\_~.6
E(x ) =Tx
Constant-multiple rule:

U CINE o)
&)L er) -2
Sum rule:

L)+ g ()] =[]+ <]

d 1 d d (1 1
R R ) p L e
dx x| dx dx \ x X
The slope of the secant line through

P=(2,/(2)) and Q=(2+h, f(2+h)) is

f@2+h)-f(2) _sQ+h)-1(2) Ash
(2+h)-2 h '

approaches 0, the point O approaches P and

the slope of the secant line approaches the

slope of the tangent line f”(2).

1irr§ f (x) =3 means that the values of f (x)
xX—

become arbitrarily close to 3 as x approaches
2. Anexample is lim (2x—1)=4-1=3.

x—2
s f(2+h)-f(2)
)= i T

lim f(x)=3 means that the values of f(x)
x—oo

become arbitrarily close to 3 as x approaches
infinity; that is, as x becomes very large in

positive values. lim f(x)=3 means that the
X—>—o0

values of f (x) become arbitrarily close to 3

as x approaches minus infinity; that is, as x
becomes very large in negative values.

Examples are lim (3 + l) =3+0=3 and

X—>00 X

lim (3+l)=3—0=3
x—>—o0 X

£ (x) is continuous at x = 2 if
lim2 f (x) =f (2) An example of a function
xX—

that is not continuous at x = 2 is

f(x)={_11 ifx=>2

ifx<2’

Chapter 1 Fundamental Concept Check Exercises 67

14.

15.

16.

17.

18.

19.

20.

21.

f(x) is differentiable at x = 2 if f’(2) exists.

If fis differentiable, then it has to be
continuous. The function given in exercise 13
is an example of a function that is not
differentiable at x = 2 because it is not
continuous at x = 2.

General power rule:

() = (e ) L2 ()]

For example:

di{(x2 +2x— 3)9}
x
=9(x? +2x—3)8di[x2 +2x-3]
2 £
=9(x* +2x-3) (2x+2)
The first derivative of f(x) atx =2 can be

, d
represented by f”(2) and E[f (x)}

x=2
The second derivative can be represented by

, d’
f (2) and ?[f(x)]

x=2

The average rate of change of a function over
b)- fla
an interval is given by %
-a

The average rate of change approaches the
instantaneous rate of change as the size of the
interval b — a approaches 0.

If s(¢) represents the position of an object,
then the first derivative s’(¢) represents the
velocity at time ¢, v (t) Acceleration at time ¢,
a (t), is represented by the first derivative of
v (t), v’ (t) or the second derivative of

s(t), s” (t) Thus, U(t) = s’(t)

anda (1) = v’ (1) = 5" (1).

fla+h)-f(a)=f"(a)h

The marginal cost is the additional cost that is
incurred when the production level is
increased by 1 unit. If C (x) is a cost function,

then the marginal cost function is given by the
first derivative, C '(x).
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68 Chapter 1 The Derivative

22. Unit of measure for f’(x)= unit of measure
for f(x) per unit of measure for x. For

example if C(x) is the cost in dollars of

manufacturing x units of a certain item, then
the marginal cost, is measured in dollars per
unit item.

Chapter 1 Review Exercises

1. Let (xla yl)=(0$ 3)
y—=3=-"2(x-0)
y=3-2x

Y

(0, 3)
V: —2xr + 3
r27

2. Let (x;, 31) = (0, ~1).

y—(—1)=%(x—0):> y=%x—1

Y

3. Let (x;, »)) = (2, 0).

y—0=5(x-2)
y=5x-10
Y
y =bxr — 10
(2,0)

(0, —10)

4. Let (x, y))=(1,4).

1
—4=——(x—1
y 3@ )
_.x, 13
33

~ y74:f%(1‘71)

\\\\\\\\\\\

-

5. y=-2x, slope =-2
Let (xls yl)=(3s 5)
y—5=-2(x-3)
y=11-2xor

6. 2x+3y=6
2 2
=2+—x, slope=—
y 3% siope =7
Let (x;, y1)=(0,1).

2
“1=2(x-0
y 3@ )

7-4 3
3-(-1) 4
Let (x;, 1) =3, 7).

7. slope =

3 19
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10.

1-1
slope =——=0
Pe=5

Let (.xl, yl) = (2, 1)
y—1=0x-2)
y=1

Slope of y = 3x + 4 is 3, thus a perpendicular
line has slope of —%. The perpendicular line

through (1, 2) is
1
2= -—=|(x-1
y ( J(x )

.
YT

Slope of 3x + 4y =5 is —% since
3 5 . .
y= —Zx + e thus a perpendicular line has
4 . .
slope of 3 The perpendicular line through

(6,7)is y—7=%(x—6) or y=§x—1.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Chapter 1 Review Exercises

The equation of the x-axis is y = 0, so the
equation of this line is y = 3.
Y

(0,3)] y=3

The equation of the y-axis is x = 0, so 4 units
to the right is x = 4.

Y

y=x"+x° 3 =7x8 +3x?
y=5x8; " = 40x7
_ 3
—6x = 6x!/2 =32 2
g Jx

y=x"+3x° +1; ' =7x% +15x*

- - 3
y=2=3x"" )= 3x2———2
x x
y=xt-T=xt o4y
= 4
y'=4x3+4xz=4x3+—2
x
y=0x"-1°

3 =8(3x% —1)7 (6x) = 48x(3x* - 1)’

Copyright © 2018 Pearson Education Inc.
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70

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Chapter 1 The Derivative

4
y _3 43,4 5
4 3

y/ — x1/3 +x71/4

yz%z(Sx—l)_l

S5x—
dy 5

~(5x-D7(5)=-
y=(x3-i-x2-+-1)5

3 =5 +x2 +1)*3x% +2x)
y= /x2+ =2 +1\/2
y’:%(xz 172 (2x)

L 2 -1
=—x(x"+1 =
5 ( )

x“+1

=57x*+1)7!

re 7x? +1
@ _ —5(7x% +1) 2 (14x) = —
dx

1 s

f(x):é/*_

L5/ 1
[ = RIE

fx)=2x+1)°

F(x)=32x+1D23(2) = 6(2x +1)°

fx)=5; f'(x)=0

_5x 2_§ _g -1
S =TT
2 ., 5 2

__+_ __+_
f(x) 2t 2752

f) =[x —(x-1)°1"

() =100x" = (x = 1)’ P’[5x* = 5(x —1)*]

fy=:"

g(t) = 3\/_ \/_ 1/2 3t_1/2

, /2,3 232
n=2r1243,
g’ 2 2

h(t)=32; k()= 0

(5x—1)?

(7x2

5 £/(t) =107 =907

3s.

36.

37.

38.

39.

40.

41.

42,

43.

44.

2 _
fy=—5=2=3)"

, _ —2(1-9¢%)

F()==2(-3t%) 2(1—9t2)=(t_7)2
_20° -1
(t-31%)?

g(P)=4P7; g'(P)=2.8pP7%3

h(x) =%x3/2 —6x23: 1 (x) =%xl/

S =Ax+x = (e +x2)?

f’(x)=%(x+x1/2)”{H%x”z)

) 2\/x1-\/;(1+2\1/;)

f)=363-2:2
F(1) =91 -4t
£/(2)=36-8=28

V(r)=15mr>
V'(r)=30zr

V’(l):mﬂ

3

gu)=3u-1

g5)=15-1=14

g'(u)=3

g'(5)=3
11

h(x)——E, h(-2)=

W(x)=0; h'(=2)=0
=" f’<x)=§x3/2
Fr =2 =2
g = =7

g()=2t-7°12)=202t-7)°

g’ (=602t —1*(2)=12(2t - 7)?

g’(3)=12[23)- 7> =12
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45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

SS.

56.

y=Cx-1)>-43x-1)?

slope = ¥ =33x - 1)2(3) - 8(G3x - 1)(3)
=9(3x—1)% —24(3x 1)

When x =0, slope =9 + 24 = 33,

y=(4-x°
slope = 3" =5(4-x)*(-1) = =54 - x)*
When x =5, slope =-5.

d

d—(x4 —2x%)=4x’ —4x
X
i(ts/z 32

dt
5
=272 43
2

172
)

+ 2t t

1 _
v2_1 12

A ap\_ 4 apy/2
dP(\/l 3P) —5(1=3P)
-3 7123)

3 “1/2
=——(1-3P
2( )
d -6
L ns)=-5
dn(n ) n

di(z3 —4z2 +2-3)
z

z==2

=12+16+1=29

d 5
< (4x-10
dx(x )

=[x =10 ()]
x=3 -

=[20(4x—10)*]

xX=

d? 4 _i 3
F(5x+l) = dx[4(5x+l) (%)

= 60(5x +1)2(5) = 300(5x +1)°

g dar’ dt 2

2
%(ﬁ +2t2 1)

t=—1

= (61 +4)|

d2

=23
dP
P=4

P=4

=(322—82+1)‘ .

=320
3

a2 (2\/;)=£2t1/2 _d an__1sn

d .2
=—3t"+4r-1
2t )

r==1" "

=0|P=4=0

57.

58.

59.

60.

61.

Chapter 1 Review Exercises

2
Z] ;/(4)(3/2) :%(6){1/2) _ 312
X X

—| ===zt |=—=tT" or -——
dt\3t) dt\3 3 32
4 L) 2 2
dr\ 3 3 343
f)=x"—4x* +6
slope = f”(x)=3x> —8x
When x =2, slope =3(2)% —8(2) = —4.
When x = 2, y=23 —4(2)2 +6=-2.
Let (xls yl)=(2$ 72)
y—(2)=4x-2)=>y=-4x+6

1

=——=(3x-5)"
Y=3._3 (3x-5)
_ 3
¥ =-Gx-570@)=-——
(3x-5)2
When x =1, slopez—;zz—é.
Bm-s° 4
Whenx =1, y=;=—l.
-5 2

1
Let R =1, —-=1.
et (x;, yy) ( Zj

3 301
Y ( 2) FE D= y=—gxty

y=x’

slope = y" =2x

When x=§, slope=2(§j=3.
2 2

39
Let (.xl, yl) =(E, ZJ

9 3 9
7y (x 2) YERTY
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62.

63.

64.

65.

66.

Chapter 1 The Derivative

y=x’

slope = y" =2x

When x = -2, slope = 2(-2) = 4.

Let (x1, y1)=(=2, 4).

y—4=-4x+2)=>y=—4x-4
y

=2,4

\

y=3x3—5x2+x+3

slope = " =9x? —10x +1

When x = 1, slope =9(1)> —10(1)+1=0.
Whenx=1, y=3(1)>-51)> +1+3=2.

Let (xl, yl):(l’ 2).
y=2=0x-1)= y=2

y=(2x*-3x)°
slope = y” =3(2x% = 3x)?(4x - 3)
When x =2,

slope =3 (2(2)2 - 3(2))2 (42)-3) = 60.

2 3

Whenx =2, y = (2(2) - 3(2)) =8

Let (x1, y1) = (2, 8).

y—8=60(x—2)= y=60x—-112

The line has slope —1 and contains the point
(5, 0).

y=-0=-1(x-5)=>y=-x+5
2)=-=2+5=3

f@=-1

The tangent line contains the points (0, 2) and

(a, a3) and has slope = 3a%. Thus,

3_
G2 3 o223 2= 247 =

a=-1

67.

68.

69.

70.

71.

72.

73.

s'(t)=-32t+32
The binoculars will hit the ground when
s(H)=0,1.e.,

s()=—161% +32t+128 =0

~16(12 -2t -8)=0
-16(t—4)(r+2)=0
t=4ort=-2
s'(4) =-32(4)+32 =96 feet/sec.

Therefore, when the binoculars hit the ground,
they will be falling at the rate of 96 feet/sec.

1 .
401 +1% - Et3 tons is the total output of a
coal mine after ¢ hours. The rate of output is

40 +2¢ - %tz tons per hour. At ¢ =5, the rate

of output is 40+ 2(5)— é(S)2 =45 tons/hour.

11 feet
s(4) = s() = 6-1 =§ ft/sec
4-1 4-1 3

Slope of the tangent line is g ) % ft/sec.

t =06, since s(?) is steeper at = 6 than at t = 5.

C(x) = .1x° = 6x% +136x + 200
a. C(21)- C(20)
=.121)° - 6(21)? +136(21) + 200
~(.1(20)° - 6(20)? +136(20) + 200)
=1336.1 — 1320 = $16.10
b. C’'(x)=.3x*-12x+136
C’(20) = 3(20)> —12(20) +136 = $16

74. £(235)=4600

f7(235)=-100
Sfla+h)y=f'(a)-h+ f(a)
a. 237=235+2
f(235+2)= f'(235)-2+ f(235)
=—-100-2+4600
= 4400 riders

b. 234=235+(-1)
f(235+(=1)) = f(235)- (=D + f(235)
=—100-(-1) + 4600
= 4700 riders
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75.

76.

77.

78.
79.

80.

c. 240=235+5

f(235+5)= f7(235)-5+ f(235)
—100-5+ 4600
4100 riders

d. 232=235+(-3)
F(235+(-3)) = f7(235)-(-3) + f(235)
= —100-(-3)+ 4600
= 4900 riders

h(12.5) - h(12) = B'(12)(.5)
=(1.5)(.5)= .75 in.

0

0

1 1
T+=|-f(D=1"(T1)—
f( 2) FN=13
=(25.06) % =12.53
$12.53 is the additional money earned if the

bank paid 7— 3 % interest.

2_ [

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

x—=2 X—=2 x-2 x—=2
=lim(x+2)=2+2=4
x—2

The limit does not exist.

The limit does not exist.

x—5 5-5
lim
x—%ij —TIx+2 25 35'F2

8L /'(5)=

82.

83.

84.

Chapter 1 Review Exercises 73

f(5 h) AC)

If f(x):i, then

L
25+h) 205

JGE+m=f(5)=

_ 15 (5+h)
C2(5+h) 5 25 \5+h

_5-(5+h) _ —h
T10G+h) 1065+
Thus,
f5)= lim[f(5+h)—f(5)].l
h—0 h
. —h 1
=lim —— —
h—010(5+h) h
“lim—— -
150105 +h) 50
£(3) = M

Iff(x):x —2x+1, then

NACEROENAE)
=(B+h)?2-2B+h)+1-(9-6+1)

=h? +4h.
Thus,
2
13 = f(3+h) f(3)_1 h” +4h
h—0 h

= 11m(h+4) 4
h—0

The slope of a secant line at (3, 9)

1 1 2-2-h
24h 2 _ 202+ _ 1
h h 22+ h)
Ash—0, - —l.
2(2+h) 4
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