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Chapter 1

Exercises 1.1

1.

y =2-5x; y-intercept:(0,2), slope = -5

y—X—H—lx+l' intercept: [0 l)
RN Y §

slo e=l
P 3

2 1 1
3y-2x—-1=0= y =—X+—; y-intercept: | 0,— |,
, Y SER—)

slope =

SRR N

y=5=y=0x+5; y-intercept: (0,5), slope =0

y= 3x -1 —x—l' -intercept: (O —lj
3 377 T3
slope =1
2 1
2X+7y=-1=>y=-=X—=;
y y 7577

-intercept: [0 —lj slope = —g
y pt: | U, 7) p 7

slope =-7, (5, 0) on line.
Let (X, y) =(5,0), m=-7.
y—0=-7(x-5)
y=-7x+35

slope = 0; (0, 0) on line.
y-intercept (0, b) =(0,0),m=0
y=mx+b

y=0x+0

y=0

slope = 4; (1, 0) on line.
Let (x1,y¥1)=(1,0), m=4.
Y= Y1 =m(X=Xp)
y—0=4(x-1)

y=4x-4

7
10. slope = 3; (5,-1) on line.

7
Let (Xl,y1)= (5,—1), m=-—_.

3
y—y1 =m(X-Xy)
7
y—(—1)=§(X—5)

11. (— j and (——Z,—4j on line.

X2 =X
2
Let (X1,Y1)=(§,5), m=6
Y=Y =m(X_X1)

2
—5=6| x——
y ( 3)

y-5=6x-4
y=6x+1

12. (—;,1) and (1, 2) on line.

slope = S haar

Let (x1,y1)=(1,2), m=2.
y-v, = m(x—xl)
y-2=2(x-1)

y =2X

13. (0, 0) and (1, -2) on line.

- -2-0
slopez—y2—]'=—:—
Xp=%X 1-0
y—0=-2(x-0)
y =-2X
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Chapter 1: The Derivative

14.

15.

16.

17.

18.

1
(_E’ O) and (1, 2) on line.

— 2-0 2 4
slope = Lo =3=%=M
=% 1-(-1) 3 3

1
Lﬁ(XhW):(_E,d)

Y=Yy =m(X=Xxp)

ot (4)

Horizontal through (3, -1).

Let (X1,¥1)=(3,-1), m =0 (horizontal line).
Y=y =mXx—x)

y= (=D =0(x-3)

y+1=0

y=-1

X-intercept is 2; y-intercept is —2.

The intercepts (2, 0) and (0, —2) are on the line.

Y-y =2-0_,_
Xy =X 0-2
y-intercept (0, b) = (0, -2)
y=mx+b

y=1x-2

y=Xx-2

slope =

x-intercept is —1; y-intercept is 1.

The intercepts (-1, 0) and (0, 1) are on the line.

Yo—y _1-0 -1
X, =% 0-(-1)
y-intercept (0, b) = (0, 1)
y=mx+b

y=1x+1

y=x+1

slope =

Slope = 6; x-intercept is —1.
The x-intercept (—1, 0) is on the line.
Let (X], Y1 ): (_13 O)’ m=6.

y—Yy1 =m(X—Xxp)
y-0=6x-(-1)
y=6(x+1)
y=6x+6
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19.

20.

21.

22.

23.

24.
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Slope = 1; x-intercept is —2.
The x-intercept (2, 0) is on the line.
Let (Xlayl): (_29 O), m=1.

y—y1 =m(X—Xp)
y-0=1(x-(-2))
y=1x+2)
y=X+2

Horizontal through (—2. V2 )-

Let (x,¥,)=(=2,42), m=0 (horizontal line).
y=Y1 =m(X= X))

Y =2 =0(x~(-2)

y=+2

Parallel to y = 2x; (2, 0) on line.
SlOpe =m= 23 (Xl’yl): (270)

Y=y :m(x—xl)
y—-0=2(x-2)
y=2x-4

Parallel to x +y=0; (1, 1) on line.
y ==X slope=m=-1, (x,y;)=(L1)
y_yl = m(X—Xl)

y—-1=-1(x-1)
y—-l=—x+1
y=-x+2

Parallel to y = —x+ 7 ; x-intercept is 1
y=—x+7,slope=m=-1, (x,y,)=(1,0)
Y=y, =m(X—x)
y—0=-1(x-1)
y=—x+1

Parallel to y—x =13 y-intercept is —%

y=x+13, slope =m=1,(x,y,) = (0,~ 1)
Y=y, =m(X—x)

- H)-1-o
y+}é:x
y=x-)



ISM: Calculus & Its Applications, 11e Chapter 1: The Derivative

25. Perpendicular to y = 2x; (2, 0) on line. 29.
slope =m; =2
mp-mp = -1
2my = -1
1
my=— 5= m
X1,y =(20)
y—Yy1=m(x-Xp)

1
-0=—-=(x-2
y 5 (x=2)

_ 1 30. 1
y——2X+1 ©.2) (1,2

1
26. Perpendicular to y = —5 X +1; (0,0) on line.

1
lope=m;=—=
slope 1 >
1
—5 mp = -1
my=2=m .
; B 31.  (a)~(C) x- and y-intercepts are 1.
tftr%r;ipé (0,0)=(0,0) (b)—~(B) x-intercept is 1, y-intercept is —1.
_5 (c)—(D) x- and y-intercepts are —1.
y=2x (d)—(A) x-intercept is —1, y-intercept is 1.
21. ] 32, Use (4.8,3.6) and (4.9, 4.8).
' 48-3.6
m=——m——=12
49-438
y=mx+bso
6=12(5)+b
=-54
| o
33. 5 = Z’ ] units in y-direction
j=2
28. .
34. 2 = TJ
()
1
173
]
35 3=—
25
]==175
36 2=
5

27



Chapter 1: The Derivative

37.

38.

39.

Slope =2, (1, 3) on line.
xi=Ly =3
X=2

=-34-2),y=-12+6+2=-+4
=-3(1-2),y=-3+6+2=5

a. slope of line through A and B:
Ye—Y¥a 0-(CD 1

m = = = :1
BT xg—x4  2-1 1
slope of line through A and C:
— 1-(-1) 2

mACZyC Ya _ ( ):_:1
Xc —Xp  3-1 2

Both lines go through A and have the same
slope. So points A, B, and C all lie on the
same line.

-
/A/B

/

40. First find the slope of 2x + 3y = 0.

2X+3y=0
3y = -2x
y= —zx, som = 2
3 3
Now find the slope of the line through (3, 4) and (—
1,2).

Yooy _2-4 =2 1
Xo =X —-1-3 -4 2

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

my =

41.

42,

43.

44,

45,

46.
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Iy
I
Slope =m=-2
y-intercept: (0, —1)
y=mx+bhb
y=-2x-1
y
X
y=-2x-1
Sl m !
ope=Mm==
P 3
y-intercept: (0, 1)
y=mx+bhb
1
==x+1
=3
y
y= %x +1
0. 1)
X
a is the x-coordinate of the point of intersection of
y=-X+4andy = 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 f(a) = 2.
a is the x-coordinate of the point of intersection of

1
y=xand y= E X + 1. Use substitution to find the

X-coordinate.

x:—1x+1
2

So a = 2. f(a) is the y-coordinate of the intersection
point. Substituting X =2 into y = X gives y = 2.
So f(a) =2.
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47.

48.

49.

50.

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

b. Marginal cost =m = $12/unit

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

C(x+D)-C(x)
=(12(x+1)+1100)—(12x+1100)
=12x+12+1100-12x—-1100

=812

$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,
2004. Then (0,1.69) is one point on the line, and

the slope is .06. Therefore,

P(x) =.06x +1.69 gives the price of gasoline X
months after January 1, 2004.

On April 1, 3 months later, the cost of one gallon
of gasoline is:

P(3) =.06(3)+1.69 = $1.87 /gallon

Therefore, 15 gallons would cost 15 ($1.87) =
$28.05 on April, 2004.

On September 1, 8 months after January 1, the cost
of one gallon of gasoline is:

P(8) =.06(8)+1.69 = $2.17 /gallon

Therefore, 15 gallons would cost 15 ($2.17) =
$32.55 on September, 2004.

Marginal Cost = 100 = the additional cost for
increasing the producing level 1 unit (1 thousand
chips) is $100 thousand dollars. Therefore, the
additional cost of increasing the production level
by 4 thousand chips is 4 x $100 thousand = $400
thousand.

29

51.

52.

53.
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The value of the cars in year 0 (2002) is $125,000.
This gives the point (0, 125,000), which is the y-
intercept. The depreciation rate is $25,000 per
year, which gives the slope

m =-25,000. The equation of the line in
slope-intercept form is

yt)=mt+b

y(t)= -25,000t + 125,000

Substitute y(t) = 0 and solve for t to find the
number of years that must pass for the value of the

cars to reach zero.
0=-25,000t + 125,000

25,000t =125,000
t=5
The value is 0 after 5 years (in 2007).

a. The points (5.75, .2) and (6, .18) are on the
line. The slope of the line is

YooV _ A8-2 __08

Xy =X 6-5.75

Let (X,Y1)=(6,.18). The equation of the line

is

y=y, =m(x—-Xx)

y—.18=-.08(x—-6)

y—.18=—-.08x+.48

y =—-.08X+.66

Q(X) = —.08X +.66

m=

b. LetQ(x)=.1 (10 employees per 100) and
solve for X.
1=-.08x+ .66

—.56 =—.08X
x=17
The hourly wage should be $7.

The points (1.97, 1500) and (2.05, 1250) are on the
line. The slope of the line is

o YooY 15001250 oo
X, —%  1.97-2.05

(X, Y,) =(2.05,1250). The equation of the line is

y_y] = m(x_xl)

y—1250 =-3125(x—2.05)

y—1250 =-3125x+6406.25

y =-3125x+7656.25

G(X) = =3125x + 7656.25

G(2.01) =-3125(2.01) + 7656.25 = 1375 gallons.
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54. Solve for x: G(x) =-3125x+7656.25 =2200

= x=$1.746 ~ $1.75 /gallon

55. 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

C(x)=7x+1500
b. Marginal cost at x =100 is m = $7/rod
. Marginal cost = $7 or

C(101)—= C(100) = 2207 — 2200 = $7

56. Each unit sold increases the pay by 5 dollars. The
weekly pay is 60 dollars if no units are sold.

57. 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.

58. x = degrees Fahrenheit, y = degrees Celsius
0=32m/band 100 =212m /b so b =-32m and
hence for m, 100 =212m + -32m or

180m =100
5 160
m==and b= -—
9 9
5 160 5 160
Th ==—X-—"—.y=—(98.6)——— =37
us, y=5x-o- . Y =5 (98.6)-—

98.6°F corresponds to 37°C.

59. 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

60. -2 ml/hour = ‘%o ml/min

y:6x+1.5—%0x

:QXH.S
30
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61. y=x+7
X =0,y =0+7; X,=2,y,=24+7=9
rate of change over [0,2] = Z_—Z)zl.
X ==Ly =-1+7=6; X, =2,y,=2+7=9
9-6
2-(=D

=1.

rate of change over [-1,2] =
Slope=m=1.

62. y+2x=27=y=-2x+27

x =0,y, =—2(0)+27=27; X, =1,y, =—2(1)+27 =25

25-27 _

rate of change over [0,1] = o

X =0,y, =—2(0)+27=27; X, =5,y, ==2(5)+27 =17

rate of change over [0,1] = 12_ 37 =-2. Slope
=m=-2
63. a-c. y
2
I —
| 3 3+h
f@+h-f3) fB+h-13)
3+h-3 h
64. Using M =m and the hint,
X, =X
M: m= f(x)— f(x)=m(x—x)
X=X

f(x):m(x—x])+ f(X])
=mx+(—mx, + f(x))
Letb= —mx + f(x,). Then f(x)=mx+b.

65. L(X)=—-x+2,m=-1

L(x+h)—L(x) —(x+h)+2—(-x+2)
h - h
_ —X—h+2+x-2
EE—
=—1=m

30
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66.

67.

68.

69.

L(x):2X+ll:zx+£,m:%
3 3 3
2 11 2 11
Lxem-Log 3 XM =Gx )
h h
2 2 11 2 11
“X+=h+—-Sx——
_3 3 3 3 3
h
2
=—=mMm
3

Lety=mx+band y=m'x+b’ be two distinct
lines. We show that these lines are parallel if and
only if m = m'. Since two lines are parallel if and
only if they have no points in common, it suffices
to show that m = m’ if and only if the equation
mx +b =m'x+ b’ . Suppose m=m’. Then

mx +b =m'x+ b’ implies b =b’; but since the
lines are distinct, b #b’. Thusif m=m’,

mx +b =m'X + b’ has no solution. If m = m’, then

b'—b . .
X = por isasolutionto mx +b=m'x+b’.

Thus, mx +b =m’X + b’ has no solution in X if and
only if m=m’', and it follows that two distinct
lines are parallel if and only if they have the same
slope.

Let I, b, m;, my, &, and b be as in the diagram in
the text. Then my is the slope of I and —m> is the
slope of I5. From the Pythagorean theorem, we
have a2 + b2 = (m; + my )2, 12+m12 =a2,and
1% + m22 =b’.

Combining these, we get

L+m2 +1+m3 =(m, +m,)?

=m? +2m;m, + m3.

Thus, 2 =2m;m, and m;m, =1. Since the slope
of I1 is m1 and the slope of 12 is —mp, the product
of their slopes is therefore —1.

a. (0,39.5)and (15,45.2) on line

— 45.2-39.5 5.7
slope = o5 _ =—=.238
Xy =X 15-0 15
y—39.5=.38(x-0)
y—39.5=.38x
y=.38x+39.5
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[0, 40] by [0, 100]

Every year, .38% more of the world
population becomes urban.

Using the Trace or Evaluate feature on a
graphing calculator, the point (10, 43.3) is on
the line. Thus, 43.3% of the world population
was urban in 1990.

Graphing the line y = 50 and using the
Intersect command, the point (27.63, 50) is on
both graphs. In the year

1980 + 27 =2007, 50% of the world
population will be urban.

From the slope, .38% more of the world

population becomes urban each year. Thus, in
5 years the percentage of the world population
that is urban has increased by 5(.38%) = 1.9%.

(20,000, 729) and (50,000, 1380) on line.
_ YN
T Xp-X
1380 — 729
50,000 — 20,000
651
30,000
slope = 0217

y — 1380 = .0217(x — 50,000)
y— 1380 = .0217x — 1085
y=.0217x + 295

[0, 75,000] by [0, 2,000]
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¢. For every increase of $1 in reported income, 3. y
the average itemized deductions increase by
$.0217. (Alternatively, an increase of $100 in /
reported income corresponds to an average p
increase of $2.17 in itemized deductions.) «

d. Using the Trace or Evaluate 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 4. Y
$1922.5.

e. Graphing the line y = 5000 and using the /\ /
Intersect command, the point X

average itemized deduction of $5000
corresponds to a reported income of $216,820
(rounded to the nearest dollar).

(216,820.28, 5000) is on both lines. An \/ v

4
f.  Anincrease of $15,000 in income level will 3. _g
correspond to an increase of
$15,000(.0217) = $325.5 in itemized 6. 0
deductions.
] 7.1
Exercises 1.2
8. 1
1. y
9. Small positive slope
\ 10. Large positive slope
;._‘//\\ X
T 11. Zero slope
12. Large negative slope
5 v 13. Zero slope

14. Small negative slope

32
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Federal Debt at the End of Year: 1940-2004
{in Trillions of Dollars)

&

1980
198G
1992 |
2000
2004 =

Figure 12. U.S. federal debt.

16.

dollnrs

Trillions of

It appears the points (1984, .26) and (1990, 3.2)
are on the line. The slope is
3.2-.26

m=——"—=.
1990-1984

Therefore, the annual rate of increase of the federal
debt in 1990 is approximately $.49 trillion/year.

Federal Debt at the End of Year: 1940-2004
{in Trillions of Dollars)

738

1
1980
1986
1962 |
2000
2004

Figure 12. U.S. federal debt.

17.

It appears the points (2000, 4.8) and (2002, 6.49)

6.49-4.8

2002 —-2000
=.845 . Therefore, the annual rate of increase of
the federal debt in 2002 is approximately $.845
trillion/year

are on the line. The slope is m =

a. In 1950, dept per capita 0 $1000
In 1990, dept per capita 0 $14000
In 2001, dept per capita 0 $20500

In 2004, dept per capita [1 $24000

33
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b Per Capita Debi: 1950 2004
" (in Thousands of Dollars)

Thousuuds of dollars

..—-—/( .

&

2000 -
2004

T

1
=
s
2

18950

L
2
a5

Figure 13. Dbl per capita in the U

It appears the points (1982, 0) and

(1992, 17.5) are on the line. The slope is
17.5-0

=———=1.75

1992 -1982
Therefore, the annual rate of increase of the
debt per capita in 1990 is approximately $1.75
thousand/year.

18. a. True, the rate of increase in 1980 >0, the rate

of increase in 2000 0 .

b. True, the curve is close to constant up to the
mid-1970’s and then increases linearly (at a
constant rate) from the mid-1970’s to the mid-
1980’s.

For 19-28, note that the slope of the line tangent to the
graph of y = x? at the point (X, y) is 2X.

19.

20.

The slope at the point (-2, 4) is 2(-2) = 4.
Let (X1, Y1) =(=2, 4), m=-4.
y—4=-4(x—(-2))

y=-4x-4

At (—4,.16),2x=2(—4)=-238.
Let (X1, 1) =(—4, .16), m=—8.
y—.16=-8(x—(-4))
y=-8x—-.16
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21.

22.

23.

24,

25.

26.

217.

4 16 4 8
At (—, —j, slope =m :ZX:Z(—) ==,
379 3 3

4 16
Let (x, Y1)=(§,—9)-

E__S(X i‘j
=9 7373
_3. 16
y=3%"7
1
When x=-—, slope:2(—5):—l

When x = 1.5, slope = 2(1.5) =3 and
y=(1.5° =2.25. Let (x;, ;) = (1.5, 2.25),
m=3.

y—2.25=3(x— L5)

y=3x-225

When x = .6, slope = 2(.6) = 1.2 and
y=(.6)> = 36. Let (x, ¥;) = (6, 36), m=1.2.
y—.36=1.2(x-.6)
y=1.2x-.36
5
Set 2x=—
3
Bl
6
When 23 (5)2 25
n = - == = -
nx=% Y=\ ~3¢

X=
5 25

) (g, g) is the

point.

Set 2x=—4

X=-2

When x =2, y = (=2)% = 4, s0 (-2, 4) is the

point.

X+2y=4

1
=—"X+2
=7

so slope = m = —E.
Slope of the tangent line is 2x.

1

Set 2Xx = ——

¢ 2
1
X=——
4

1 N 1 11

When X:—Z, y=-—| =—,s0|-——,—

is the point.

34

28.

29.

30.

31.

32.

33.

34.
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IX-y=2
y=3x-2
slope =3
The slope of the tangent line is 2Xx.
Set2x=3
3

X==
2
2
3 9 3
When X=5, y:(—j :Z’ ) [—,—j is the
point.

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

2
3 3
When x ==, slope :3(—j =—.
2 2

Slope =3 x?

2
1 1 3
When XZ_E’ slope :3(—5) :Z.
When x =-1, slope = 3(—1)2 =3 y= (_1)3 =—1.
Let (x;, 1) =(=1, =1).

y— (1) =3x= (1)
y=3x+2

The slope of the line tangent to y = X 2 atx=ais
2a. The slope of y = 2x — 1 is 2. Equating these
gives: 2a=2=a=1.

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

The slope of the line tangent to y = X 2 atx=ais

1
2a. The slope of y =—x _Z is —1. Equating these

. 1
gives: 2a=—-1=a= 5

So, f(ﬂ){—%) =%, f’(—%jzz(—%j:—l



ISM: Calculus & Its Applications, 11e

35.

36.

37.

38.

39.

1 1
The graphs of y = Z X+1and y= 5 X intersect at

(a, f(a)). Use substitution to find a.

lx:lx+1;lx=l; Xx=4
2 4 4

Soa=4and f(a) :—;(4):2.

1 1
The slope of the tangent line is Z ,s0 f'(4)= Z

1 6
The graphs of y =——X+= and y =2 — X intersect

5 5
at (a, f(a)). Use substitution to find a.
1 X+ ¢ =2-X
5 5

—X+6=10-5x;4x=4; x=1
Soa=1landfl@)=2-1=1.
The slope of the tangent line is —1, so f'(a) =—1.

13-4
a m= =3
5-2

length of dis 13—-4=9

b. Increase

y f@+h-f3)

w

f(3+h)

X

TI=TE+2)

i pa— -1 U
[0.8] by [0, 4]

Atx=4,y=2.45

In point-slope form, the tangent line is
y—245=2(x-4).

Chapter 1: The Derivative

40.
" \
=1
L
[21, 3] by [2.5, 1.5]
Atx=1,y=
gy _
dx
In point-slope form, the tangent line is
y—1=0x-1)ory—1=0.
41,

=gk
b=z 00090910055 H+27. 8101

[0, 7] by [0, 70]

Atx=3.5,y=48

—= =29
dx

In point-slope form, the tangent line is
y—48=29(x-3.5).

42.

)
desdx=1.000001
[2.5,6.5] by [22, 7]

In point-slope form, the tangent line is
y—-2=x-3.

Exercises 1.3
1. fx)=2x-35, f'(x)=2
2. f(x)=-3x+7,f'(x)=-3
3. f(x) :xs, f'(x)= sx?

4. fx)=x", frx)=19x"®

35
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5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

f(x)= x»%, f'(x) :éx’%

f(x) L x’%, f'(x) :—%x’%

Jx

f(x)= %/; _ X1/3’ f/(x) =§X72/3

4 4 1
f(x)=x3, f’(x)=§x3
f(x)=—12=x 2, f’(x)=—2x73

f(x)=3"=9, f'(x)=0

s 5 L
fx)=x 7, f’(x):—7x 7

f(x) :%5 :xs, f'(x)= sxt
X
f(x) :%, f'x)=0

=x7, f '(x) = —%x’%

1
f(X)=——
) Ux
f(x)=3x= X, f'(x)= —%x%

[T

f(x)=x =%, f'(x):%x

f(x)=x3atx=1
f’(x):3x2
fr()=31%=3
2
f(x)=x" atx==
(X) a 3

f'(x) =5x*

4
B3
3 3 81

36

19.

20.

21.

22.

23.

24.

25.

26.

ISM: Calculus & Its Applications, 11e

f(x)—l tx=3
_X al

f(x)=x"

f'(x)=—x"
iy 1
r®= 39

f(x)=3" atx=1

f(x)=9
f'(x)=0
f'(1)=0

f(x)=4x+11 atx=-1

f'(x)=4
f'(-1)=4

3
f(x)=x?atx =4
f’(x)—3xé

2

3 413
fr(4)==(47 ==-2=3
@=3 47 =3
f(x):«/;atx:16

f(x)zx%

fr16)=—— =1

2J16 8

1
f(X)=; atx=2
f(x):x4

' -7 6
f'(x)=-6x"=-—
X
3

6
f!Z — o — o —
@) 27 64
y=x"
slope :y’:4x3
atx=3, y'=4(3)> =108

y=x>
' 4
slope = y' =5x
atx=-2, y'=5(-2)% = 80
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27. f(x)=x>
f(=5) = (-5)" =25
f/(x)=2x
f/(=5) = 2(-5) =—10
28. f(x)=x+6
f(3)=3+6=9
fi(x)=1
f1(3) =1

29. f(x)= x*3
f(8)=@®)** =16

4 4
F(x :_XI/SZ_W
00 =7 3

f’(8):§3/_=§

1
30. f(x)=—5=x"

X
f(5)—i—i
52725
_ 2
fx)=-2x" =—=
X
£1(5)= 2__2
53125
31. f(x):%:x‘5
X
1 1
fQ)=—c=—
2) 2’ 32
5
f'(x) =-5x7% =-—
X
5 5
f(2)=—-""=-—
) 6 64

32. f(x)= x>2
f(16) = 16)°'? = 64

3 3
f'(x)==x"? ==x
=3 2«/_

f’(16)=%\/1_:%:6

Chapter 1: The Derivative

33. f(x)=x, f(_%):(_%f :%

frox)=2x, f '(-%) = 2(—%) =-1

oint: [—l lj m=-1
p . 254 b

1 1
y—z——l(x—ez)j
y_l: _x_l

4 2
y=-x-1

4

3. f(0)=x", f(-2)=(-2)=-8
f'(x)=3x*, f'(-2)=3(2)" =12
point: (-2,-8), m=12
y—(-8)=12(x—(-2))
y+8=12x+24
y=12x+16

35, f(X)=3x+1, f(4)=3(4)+1=13,
f/(x)=3, F'(4)=3
point: (4,13),m=3

y—13=3(x—-4)
y—-13=3x-12
y =3x+1

36. f(x)=5, f(-2)=5
f'(x)=0, f/(=2)=0
point: (-2,5), m=0
y=5=0(x-(-2))
y-5=0
y=5

37, f0=x=x", f(9)=3

I |

Foo=2x7, 1'0) ==
-~ 1
point: (9,3), m= S

1 1.3
—3==(x=9); y-3=—x->
y=3=g(x =9y =3=5x—3
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38.

39.

40.

41.

1

1
f(x)=—=x", f(0)=—=100
(%) x (.01) o1

f'(x) = —x2, £/(.01) = —(.01)> = 10000
point: (.01,100),m = —10000

y—100 = —-10000(x—.01)

y —100 = —10000x +100

y = 10000X + 200

1y 11
f(X)=——e=X", f(4)=—e=—
(X) I x 72, f(4) 732
4 —_l 7% ! :——1
f'(x) = 5 , 1'(4) T

oint: 4l m——L
POt A =5 ) 16

1 _ 1
f(X)ZFZXZ,f(l):l—ZZI

f'(x)==2x7, f'()==2(1)" =2
point: (1,I), m=-2

y—1=-2(x-1)
y—1=-2x+2
y =-2X+3

y-f(a)=f'(a)x-a)
y="fo=x'

y' = f'(x)=4x’
a=1 f(a)=f()=1
f'lay=f'(1)=4
y—1=4(x-1)

38

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

ISM: Calculus & Its Applications, 11e

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

slope of the tangent is m = —% .
f(x)= 1. x', f'(x)=-x". The slope of the
X
tangent is f'(a)=-a”. Solving —a~> = —% ,

a =12 . Therefore, P = (2,%) or

P:(-z,—%).

43. The slope of the tangent is m = 2.

1 1
f(x)=+/x=x2, f'(x):%x 2. The slope of the

. 1 - 1
tangent is f'(a) :5a 2. Solving Ea 1=2,

a:L. Therefore P = i,l . Also,
16 16 4

l:z(ijm b1
4 16 8

44. The slope of the tangent is m = a.

f(x)=x, f'(x)=3x>. The slope of the tangent
is f'(=3)=3(-3)’ =27. Therefore a=27. Also,
27=27(-3)+b = b=54.

o | —

! i
f(x)=vx=x, f’(X)=%x 2. The slope of

L
the tangent is f'(X) :%x 2. Solving

L
%x 2 :%, x=16; f(16)=16=4.
Therefore, the point we are looking for is
(16,4).

y=x/8+ 2

v=ui3
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46. Slope of graph at point X = y'=-x" = —%. But

1 . .
—— <0 for all X, so, no, there is no point on the
X

graph where the slope is positive. This implies the
graph is always decreasing.

47. a.

b. f(x)=x’; f'(x)=3x%, f'(1)=3(1)" =3
g =x"g'(x)=4x", g'(1) =4(1)" = 4
Clearly g'(1) is larger. This implies the graph

of g(X)is increasing at X =1, and is steeper than
f(x)atx=1.

48. a.

f(x)=x /

g0 =x

b. f()=1; f'(x)=1= f'1)=1
, 1 = 1
g(l)=ﬁ=1;g(x)=5x2:>g<1)=5
49. %(xg)zgﬂ
d 3. L4
50. dX(x )=-3x

d 34, 3 14
51. —(x ==X
dx( ) 4

39

52.

53.

54,

55.

56.

57.

58.

59.

Chapter 1: The Derivative

1
The tangent line atx=b is y =3 X+2, s0
1
f(6)=3()+2=4.

1 1 1
The slopeofy=§X+2 is =, so f’(6)=§.

3 >

The tangent line at x=1is y =4, so f(1) = 4. The
slope of y=41s0,s0 f'(1) =0.

y:f(X)=\/;=X”2

1 1
SIO ezf/(x)z_x—]/Zz_
P 2 2x
1 1
The slope of the tangent line yzzx+bis Z
First, find the val faLt1 ! d sol
irst, find the value of a. Let —=—= and solve
4 2a
for a.
2Ja=4
Ja=2
a=4

Whenx =4, f(4)=4=2.
Let (Xla yl) = (4: 2')

1
—) == —4
y 4(X )
1
==x-1+2
y=7x-1+

1
yzzx+1,sob=1.
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1

60. y:;
1 f h)y— f
When x=2,y=—. ga, 1OXEM=T(X)
2 h
slope = f'(x)= —x2 :——12 _ 2(x+h)? +(x+h)+1-(=2x* + x+1)
X =
h
1
H2)=-7 _ =2x" —4xh—-2h* + X+ h+1+2x* —x-1
To find the equation of the tangent line set h
( l) 1 _h(z4x-2h+1)
X, ) =(27), m=-7. h
1 =—4x-2h+1
y-5=-73(x-2)
1 f(x+h)-f(x)
=——x+1 LA
y=- %t 65. .
Tolﬁnd the value of a (which is the X-intercept), let (k) = (x ) — 1= (=X — x—1)
_ZXH:O and solve for X. B h
1 —x*=2xh—h* =x—h-1+x +x+1
-=Xx+1=0 =
4 h
Xx=4=a _h(=2x-h-1)
h
61. Atx=a,y=2.0la—.51,0ory=2.02a-.52, so — o%_h-1

.0la=.01.

a=1,andy="f(a)=2.01 -.51=1.5.

f’(a) = 2 because the slope of the “smallest”

secant line is 2.01. 66.

1 o1 o1, 1
foem—fog N+ -Gx )

h h
f(a+.2)- f( 1.1-.8
go, 12T =15 Le el be 1
2 2 _2 2 "2 2" 2
h
f(x+h)—f(x) 1
63, —MMM = 2
h _h(x+2h)
~h
(X+h)> =2(x+h)+3-(x* =2x+3) 1
= h =X+=h
2
X2 +2xh+h?—2x-2h+3-x> +2x-3
h 67. M
_h@x+h-2) h
- h C(X+hy +(x+h)+2-(x*+x+2)
=2Xx+h-2 h
X +3%°h+3xh* +hP + x+h+2-x* —x-2
h
_ h(3x? +3xh+h’ +1)
h

=3x* +3xh+h* +1

40
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eg TOFEM—F00 (X+h) = 2(x+h)? +/5 = (x> = 2%7 ++/5)
' h h
_ x* +3x2h+3xh% + h° = 2x% —dxh—2h% +/5 — X + 2% =/5
h

_ h(3x* +3xh+h? —4x—2h)
h
=3x* +3xh+h*—4x-2h

) 5 2(x+2)=2(x+h+2)
69, fx+h) - f(X) _x+h+2 x+2 _ (X+h+2)(x+2)
h h h
-2h
_ (X+h+2)(x+2) -2
- h T (X+h+2)(x+2)
1 1 X +D=((x+h)* +1)
20 f(x+h)—f(x):(x+h)2+1_x2+1: (X+h)? +1)(x* +1)
h h h
x> +1-x>=2xh—h* -1 h(=2x—h)
(x+h?+DOC+1)  ((x+h)? +1)(x* +1)
h - h
a -2x—-h
(X + DO +1)

71 fO)=x2+1 f()=12+1=2
fa+h)—fQ) :(1+h)2+1—2

h h
_h@2+2h) _249h
h 2+2h h 2+2h
1 4 -1 0
.1 2.2 -1 1.8
.01 2.02 -.01 1.98
.001 2.002 -.001 1.998

Conclude: f'(1)=2

41
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72. f(X)==x*+2, f(-)=—-(-1)*+2=1

1+ —f (=) _ ~(-1+h) +2-1

ISM: Calculus & Its Applications, 11e

74, f(x)==3%+1, f(-)=-3(-1)’+1=4

f(-1+h)-f(-D _ -3(-1+h)’ +1-4

h h h h
_he-h _,_, _ 3(-1+3h-3h" +h*)+1-4
h - h
_ _ 2
h 2-h h 2-h :W:_%gh_gw
1 1 -1 3
h -9+9h-30" | h -9+9h-3h*
.1 1.9 -1 2.1
1 -3 -1 -21
.01 1.99 -.01 2.01
1 -8.13 -1 -9.93
.001 1.999 -.001 2.001
.01 -8.9103 -.01 -9.0903
. 001 -8.991003 | -.001 -9.009003
Conclude: f'(-1)=2
73. f(0=x', f(2)=2"=8 Conclude: f'(~1)=-9
fQ+h)-f(2)_@2+h) -8 5. f)=x'+4
h h
_8+12h+6h’ +h’ -8 f(x+h)— f(X)  (x+h)’+4—(x>+4)
h h h
2 2 2 2
:h(12+6h+h):12+6h+h2 _X +2xh+h* +4-x —4:h(2x+h)
h h h
=2x+h
h 12+6h+h*> | h 12+6h+h’
As h approaches 0, the expression 2X+h
1 19 -1 7 approaches 2x . Conclude f'(x) = 2x.
1 12.61 -1 11.41 B F0=20 1 x
01 12.0601 ~01 11.9401 f(x+h)— F(X) _ 2(x+h)’ +x+h—(2x* +X)
h h
. 001 12.006001 -.001 11.994001 _2x2+4xh+2h2+x+h—2x2—x_ h(4x+2h+1)
h h
=4x+2h+1

Conclude: f'(2)=12

As h approaches 0, the expression 4X+2h+1
approaches4x+1. Conclude f'(x) =4x+1.
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77.

78.

79.

f(x)=-2x"-1
f(x+h)— f(x)  —2(x+h)’-1-(-2x*-1)

h - h
_ 2%’ —4xh-2h*—1+2x>+1 _h(-4x—2h)
- h ~h
=-4x-2h

As h approaches 0, the expression —4x—2h
approaches —4x . Conclude f'(x) =—4x.

1
f(X)=—x"+=x-2
(X) 2

f(x+h)-f(x)

h
. 1 . 1
—(x+h) +E(x+h)—2—(—x +5x—2)
B h
2 ) 1 1 , 1
X" =2xh—h"+=Xx+=-h-2+x"—=Xx+2
_ 2 2
h
1
h(=2x-h+-) 1
-2 - ox-h+-
h 2

As h approaches 0, the expression —2X—h +5

approaches —2X +% . Conclude f'(x) =-2x +% .

f(x)=x
f(x+h)— f(x) _(x+hy’ -x’
h ~h
X +3x’h+3xh’ +h’—x*  h(3x*+3xh+h*)

h h
=3x*+3xh+h?

As h approaches 0, the expression 3x* +3xh+h
approaches 3x” . Conclude f'(x)=3x".

Chapter 1: The Derivative

80. f(x)=2x’+1
f(x+h)— f(x) 2(x+h)’+1-(2x* +1)
h - h
_2x+6x°h+6xh” +2h° +1-2x° —1
- h
_ h(6x> +6xh+2h?)
- h
=6x" +6xh+2h*

As h approaches 0, the expression 6x> +6xh +2h*
approaches 6x°. Conclude f'(x) = 6x".

8l. f(x)=2x-1
f(x+h)—f(x) 2(x+h)-1-(2x-1)
h h
_2X+2h-1-2x+1 _@_2
h h

As h approaches 0, the expression 2 is just 2.
Conclude f'(x)=2.

82. f(x)=5
f(x+h)—f(x) 5-5 _0
h h
As h approaches 0, the expression 0 is just 0.
Conclude f'(x)=0.

83. f(x)=mx+b
f(x+h)—f(x) m(x+h)+b—(mx+b)
h h
_ mx+mh+b-mx—b _m_h_m

h h
As h approaches 0, the expression m is just m.
Conclude f'(x)=m.

84. f(x)=ax’
f(x+h)— f(x) a(x+h)’—ax’
h - h
_ax’ +2axh+ah’—ax’ h(2ax+ah)
- h ~h
=2ax+ah

As h approaches 0, the expression 2ax+ah is
2ax . Conclude f'(x) =2ax.
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85. The coordinates of A are (4, 5). Reading the graph C. A vertical shift in a graph does not change its
shape. Therefore, the slope at any point X

of the derivative, we see that f'(4) = E > so the remains the same for any shift in the y-direction.

1
slope of the tangent line is —. By the point-slope 88

2 ' y=f(x)+c
formula, the equation of the tangent line is:
1
y—-5= 5 (x—4) \—/
) f00
86. The coordinates of P are (2, 1.75). Reading the . //\

1
graph of the derivative, we see that f'(2) = 5, S0

1
the slope of the tangent line is 5 By the point-

slope formula, the equation of the tangent line is: )
Observe the tangent lines for the two chosen

1
y-175= E(X -2) values of X. For each value of X, the slopes of the
lines tangent to f(X) and f(X)+cat x are the

87. a. Letf(x)=x>. Thenf(X)+3=x"+3: same.

89. f'(0), where f(x)=2"

ff(x)+3=x"+3
(x) nDeriv(2%, X, 0)= .69315

f(x)=x

90. f'(1), where f(x)= >
1+Xx

nDeriv(1/(1+X?), X, 1) = -5

91. (1), where f(X)=v1+x’
b. Letx=-1: nDeriv( 1+X*, X, 1):,70711

\ / 92. £/(3), where f(X)=+25-%
g nDeriv( 25-X2, X, 3):—.75

.’ ' X
N\ (Y o 93. f'(2), where f(x) “Tix

nDeriv(X/(1+X), X, 2) = .11111

Letx=2: 94. f'(0), where f(x)= 10X
0 - nDeriv(10 ” (1 + X), X, 0) =23.02587

In both cases the tangent lines are parallel.
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95. Y, =3X>-5

1
i 98. f(x)=—, (.5,2)
Y, =nDeriv(Y;, X, X) X

1
£ slope = f'(X)= -—
X
Atx=.5,slope = ———= =
SR
y—-2=-4(xx-.5)
us=z v=1z y—2=-4x+2
[0, 4] by [25, 40] y=—4x+4
Value of the derivative of Y| atx=21is 12.
96. Y, =v2X
Y, = nDeriv(Yi, X, X)
[1 z
[0,2] by [0, 5]
L
99. f(x)= 2 (.5,4)
n=e ¥=.E 2
[0, 4] by [2.5, 3] slope = f'(X)= -3
Value of the derivative of Y; at X =21is 0.5.
Atx=.5,slope = ——— =-16.
(3)

97. f(x)=+x, (9,3) y—4=—16(x—.5)

1 _
slope = f'(x)==x"1/2 y—4=-16x+8
21 L1 = _16x+ 12
Atx=9, slope==(9) "* ==. ==~
x=9, slope 2() 2376
1
—-3=—(x-9
y-3=2(x-9)
X3
Y7276 72
X 3
y=¢13 [0,2] by [0, 8]
100. f(x)=x>, (1, 1)
slope = f'(x)= 3x?
Atx =1, slope = 3(1)? = 3.
y—1=3(x-1)
y—1=3x-3
[0, 20] by [0, 5] =3x—2

[0,2] by [0,2]
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101.

102.

103.

104.

f(x) :—)5(, g(x)=5-1.25x

Graph the functions and use the Intersect

command to find where g(x) is tangent to f(X).

Inkterseckion
n=E Y=zt

[0,5] by [0,5]

a=2

f(x) =V 8X, g(X) =X +2
Graph the functions and use the Intersect
command to find where g(x)is tangent to f(x).

Inkerseckion
n=c =4

[0, 5] by [0, 10]
a=2

f(x) = x> — 12x2 + 46x — 50, g(x) = 14 — 2x
Graph the functions and use the Intersect

command to find where g(x) is tangent to f(X).

Inkerseckion
=y ! 1=

[0, 8] by [0, 10]
a=4

f(x) = (x=3)"+4, g(x) = 4
Graph the functions and use the Intersect

command to find where g(x) is tangent to f(x).

/

Inksrseckion
nsx L ¥

[0, 5] by [0, 8]
a=3
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Exercises 1.4

10.

11.

12.

13.

14.

. No limit

2
1
No limit
No limit
No limit

lim(1-6x) =1-6(1) = -5
x—1

lim is undefined.

x—2 X —

lim X +16 =/(3)’ +16 =25 = 5

lim (x> =7) = 4>

X—4

~-7=57

2

lim is undefined.

x—5 3—X

X—6

1im[\/a+3x—§j(x2 —4)

- (lim«/6_x+lim3x—limlj(lim X2 —1im4)

X—6 X—6 X—=>6 X X—6 X—6

143 22388

1
= (6+18——)(36—4) =—=.32
6 6 3

1im(x+ﬂ)(x2—2x+1)

X—7

:lim(x+\/E)(x—1)2

X7

:(limx+1imM)(limx—liml)z

X—=7 X—7 X—7 X—7

=(7+1)(7-1)* =8-36 =288

X—>8

/5X—4—1 1iIIgl\/5X—4—liml
im — X—>
x>8  3x% +2
6—1 5

T192+2 194

lim3x* +lim 2
X—8 X—8
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VX2 —=5x-36

15. lim
8-3x

X—9

X—9 X—9 X—>9

1/2
(lim x2 — lim 5x — lim 36)

- lim 8 — lim 3x
X—9 X—9

(81-45-3602 0 _

__—19_

20
)

X

- §-27
16. lim x> —15x —50)%
Xx—10
:( lim 2x% = lim 15X — lim 5
Xx—10 Xx—10 Xx—10
=(200-150-50)> =02 =0
2
X +3X X(X+3
17. lim Tt lim (x +3)=3
x—0 X x—0 X —0
2
-1 “D)(x+1
18. lim _ fim &ZD&4D
x—1 X— x—1 (X—l)

= lim(x+1)=2
x—1

Co=xZ4Ax . 2X(x=2)

19, lim————— = T
x—>2  X=2 x—>2 (X=2)
= lim-2Xx =-4
X—2

2 _y_ _

20. me X=6 . (X=3)(X+2)
x—3 X=3 =3 (x=3)
=lim(x+2)=5

X—3
2
-1 —4)(x+4

21 fim 218y XD
x—4 4=X x4 —(X-4)
= lim (=X — 4)= lim (=X)— lim 4

X—>4 X—>4 x—4
=4-4=-8
22. lim 2;(_10: m —2% =)
x5 X= =25 xo5(X=5)(X+5)
lim 2
lim(x+5) 5+5 5
X—5
2 _ _
23, lim——2— X(x~6)
X—6 X< =5X—6 x—6(X—06)(X+1)
lim X
lim(x+1) 6+1 7
X—6

Chapter 1: The Derivative

X(X2 —2X +3)

24, lim
X—7 X2 X—>7 X2
. 2
Cim (T -2X+3) 491443 38
a lim x - 7 7
X—7
2
X 64
25. lim 2——= is undefined.
X—8 -

lim1
X9 is undefined.

26. lim = .
=9 (x=9)"  lim(x—9)

27. a. lim(f(X)+g(x))
Xx—0
= lim f(x)+ lim g(x)
Xx—0 x—0
1 1
2 2
b. lim(f(x)-2g(x))
X —0
= lim f(x)-2- lim g(x)
x—>0 X—0
1 3

1
- 2.—
2 27 2
c. lim(f(x)-g(x))
Xx—0
:[lim f(x)Hlim g(X)}
X—0 X—>0

L

x20 ,since lim g(Xx) =0
X—0

28. a. limx[f(0]
=[xt 0]

_ [o]-HT ~0

47
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b. lim(f(x)+1)

=lim f(X)+lim1:—l+l L
X—0 X—0 2

c. lim 2

X—0 /g(x)

lim.\/g(x) = lim(g (x))i=(1img(x))£:[%j2=%¢o.

So lim 2 = V2 —£=2

"W e

d lim——m—m

x—0 f(X)+g(x)

11rn f)+g(x) = hm f(x)+ hm g(X) = % —;: 0.

1
So lim —— is undefined.

x—0 f(X) +9(x)

29. f(x)=x>+1
f(3+h)—f(3)

f'(3) = lim
—0 h
C B+h)?+1-3% +1)
= lim
h—0 h
h+h?+1-1 h? + 6h
= lim 2+oh+he + 0: im +6 =limMh+6)=6
h—0 h h—0 h—0
30. f(x):x3
fQ+h-fQ2
f1(2) = fim L2EM=TC)
h—0 h
2+h)3-23 12h + 6h? +h3 — h(12 +6h+h?
BRTRCR L) M S P AL R ek PP L R e S PAWR P
h—0 h h—0 h h—0 h h—0

31, f(x)=x> +3x+1
h—0

h
h3 +3h+1-1 h(h?
B L R L e
h—0 h h—>0 h h—0
32, f(x)= x> +2%x+2
£1(0) = tim E=TO)
h—0 h
. h%2+2h+2-2
= hm—
h—0 h
h(h+2
_ Jim 2O )—11 1(h+2) =2
h—0 h
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33. f(x)=
2X+5
f@B+h)-f3
f(3) = lim M
h—0 h
1 1
. 23+h)+5  2(3)+5
= lim
h—0 h
1 1 11-(2h+11)
- lim O42heS 11 lim —121+22h
h—0 h h—0
-2h 1 . -2 2

=lim—————— —=lim—mmm—=—
h—0121+22h h h50121+22h 121

34, f(x)=~2x-1
f(4 +h)— f(4)

f/(4) = li

(= h
:anx4+m—1—Jx®—1

h—0 h

. N7+2h =7
:}E}(}T

i (v7+2h—J7KV7+2h+J7)
TR R 2h )

. 7+2h-7
=1lim

=lim 2 !

2
h*°J7+2h+J7__2J7__J7

35. f(X)=+v5-x
h—0 h

. B3-h-3
= hmT

h—0

() )
s h(\/ﬂﬂﬁ)

CimS—h-3
h—0 h(\/ﬂ+«/§)

1B

1
= lim— =— A
0 3-h+3 0 243 6

36.

37.

38.

Chapter 1: The Derivative

f(x)=
7-2X
f3+h)-f(3
f/(3) = limM
h—0 h
1 1
. 7=2(3+h) — 7-2(3)
= lim
h—0 h
—--1 1-(1-2h) 1
= lim +=22— = |im =
h—0 h h—>0 1-2h h
=lim——=2
h50 1—2h
f(x)=3x+1
f'(x):hmw
h—0 h
:hm3(x+h)+1—(3x+l)
h—0 h
. 3x+3h+1-3x-1 .. 3h
=1lim =lim—
h—>0 h h—>0 h
=1lim3=3
h—0
f(x)=—x+11

f'(x) = ngw

iy SO 1T (X 1D)

h—0 h
-Xx—-h+11+x-11 . -h
=1lim =lim—
h—0 h h—0 h
—hrr(}(—l) =-1
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39. f(x)= x+l
X
f(x) = i X = T ()
h—0 h

1 1
(X+h)+x+h—(x+xj X+h+i_x_l

= lim = lim Xth X
h—0 h h—>0 h
1 1 h(x+h)(X)+Xx—=(x+h)
J’_i_f
lim—X+h X (X+h)(x)
h—0 h h—0 h
hx*> +h’x—h
2
i X DI lim h(x* +hx—1) (lj
h—0 h h—0 (X+ h)(x) h
2 2
:lim(x +hx-1) _X -1 _ 1
>0 (X +h)(X) X’ X’
1
40. f(x)= el
£(x) = lim f(x+h)—f(x)
h—0 h
11 x> —(x+h)
2 2 2 2
:Hm(x+h) X =lim(x+h) (x%)
h—0 h h—0 h

x> = x> =2xh—h’
2 2
lim (X+h)"(x7) Mim h(-2x—h) (lj
h—0 h h—0 (X+h)2(X2) h
im -2x-h  -2x -2
o (x+h)? () ()X) X

41 fo=——
X+1

f'(X) :Lingw
X+ h X (X+h)(X+1)—(X)(x+h+1)

i Xth+l Xl (X+h+D(x+1)
h—0 h h—0 h

x> +xh+X+h—-x*=xh—-x

(X+h+1)(x+1) i h (1)

=1lim =lm
h—0 h >0 (X+h+1)(x+1)
. 1 1
=lim = =
o0 (X+h+D)(X+1)  (X+D(x+1)  (x+1)

h
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2
42 f(x)——l"rm
f(x+h)—f(x)

00 = fim -

1t ﬁ 2_(_1+ 22j 2(x—2?1—22(x+h2—2)
— lim X+h- X— | (X+h-2)(x-2)
h—0 h h—0 h
2X—4-2x-2h+4
lim (X+h-2)(x-2) im -2h (lj
h—0 h h-0 (x+h-2)(x-2){h

. -2 -2 -2
=lim = =
0 (X+h=2)(x-2) (Xx=2)(x-2) (x-2)

1
x> +1

43. f(x)=
f'(x)zﬁi%w
1 o (x2+1)—((x+h)2+1)
ERCE AU . ((x+h)” +1)(x* +1)
h—0 h h—0 h
x> +1-x*=2xh-h* -1
(O+h)y? +1) (¢ +1) ; h(-2x - h) (1}

=1lim =lim —_
h—0 h h—0 ((x+ h) +l)(x2 +Dh\h

— lim (-2x-h) _ -2X _ —2X
S0 ((x+hy? +1) (3 +1) DO+ (¢ +1)°

44, f(x)=——
X+2

f’(x)zhin& f(x+h)—f(x)

h
X+h X (X+h)(x+2)-(X)(x+h+2)

i XEh+2 x+2 (X+h+2)(x+2)

h—0 h h—0 h

x>+ xh+2x+2h — x> —xh —2x

— lim (X+h+2)(x+2) _ lim 2h (l}

h—0 h -0 (x+h+2)(x+2)\ h

2 2 2

=lim = =
>0 (X+h+2)(X+2)  (X+2)(X+2) (X+2)
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45. f(x)=+/x+2
f,(x):h_%f(x+h|:—f(x)
:Hm\/x+h+2—«/x+2:hm\/x+h+2—\/x+2(«/x+h+2+\/x+2j
h—0 h h—0 h IX+h+2 +x+2
im (X+h+2)—(x+2) im h
h_’oh(m+\/ﬁ) “*%(Wh/ﬁ)
1 1 1

0 X +h+2+4/X+2  Xx+2+x+2  24x+2

46. f(x)=+x*+1

f'(x):llmw
h—0 h
i \/(x+h)2+1—\/x2+1 i \/(x+h)2+1—\/x2+1 \/(x+h)2+1+\/x2+1
= lim =11m
h=0 h =0 h JOX+h)? +14+4/% +1
. (X+h)> +1—-(x* +1) . X 42xh+h* +1-x>—1
=lim =lim
|H0h(\/(x+h)2+1+x/x2+l) rHOh(\/(x+h)2+1+\/x2+1)
im h(2x+h) im 2x+h)
rHOh(\/(x+h)2+1+\/x2+1) 0 Jox+hy + 14X +1
2X

- U 4143 +1 - X +1

47. f(x)=%

X
F1(x) = f(x+h)—f(x)

1 _1 \/_ VX+h
=lim x+h \/_—hm \/_“X+
h—0 h h—0
hm(ljﬁ—ﬁ T
lm(lj X—X—h
) e h (- o)
im -1 _ -1
_1“”°ﬁx/x+h(«&+\/x+h) &x&(«&h&)

-1 -1

:2X\/;:2x%
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48.

f

=1lim

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

=1

Calculus & Its Applications, 11e

f(x)=x\/§

m f(x+h)— f(x)

(x+h)\/x+h xv/X

h—>

im (x+h)Wx+h- xV'X (x+h)\/x+h+xf
h—>0 h (X+h)/x+h +xx

(x+h)*(x+h) = x*(x) i x> +3x’h+3xh> +h’ —x’

(e ko) P (G )

h(3x” +3xh+h?) i (3x* +3xh+h?) 3 3.3

X2

hﬁoh((XJrh) /X+h+X\/_) h%°(x+h)\/x+h+X\/7 2xf 2

a=1and f(x):x2
a=2and f(x)=x>
a=10and f(x)=x"!
a=64and f(x)=x">

a=9and f(X)=+/x

a=1and f(X)=X_”2=%
f(x)=x%; f'(x)=2x
f'(2)= M =4
h
f(x)=x*; f'(x)=3%x"
Fr(o1) = (1+—h)+1 _3
h
F0 = T00=Lx 2 =L
2 2Jx
o A24h=2 1
L
F00 =% (0 =xr =L
2 2%
f(4) = */F 2 %
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59. f(x)=x"; f'(X)==x°

W | —

gamh
f/(~8) = i 8t 42 1
h—0 h 12

60. f(x)=l; f'(x):—x=_—21
X X

f’(l):liml L—1 =-1
h>oh| 1+h

1
61. lim — =0

X—0 X

62. lim L =0

x—>—ooX2
. 1
63. lim —— =0
Xx—o0 X —8
5+3
64, lim 25 _ i 2Xx 2
X—o0 3X —2 x—)oo3—‘)2(‘ 3
10X + 100 10 +140
65. limz—: 1rn—_,3-:0
xoo X°=30 x—ow X—=
2 1
X~ + X 1+
66. lim = lim X _
Xo00 X2 —1 x-ml—;];
67. lim f(x)
Xx—0

As X approaches 0 from either side, f(X)

hes —.
approaches )

3
So lim f(x)==.
Xx—0 4
68. lim f(X)
X—>00

As X increases without bound, f(x) approaches 1.

So lim f(x) =1

X—00

69. lim xf(x)

X—0
= [hm anm f(x)}
Xx—0 X—0
—0.2=-0
4

ISM: Calculus & Its Applications, 11e

70, lim (1+ 2f (X))

X—00
= lim 1+2- lim f(x)

71, lim (1- (X))
X—00

= lim 1- lim f(x)
X—> 0 X —00

=1-1=0
72. lim[f(0]
x—0
2
- {lim f(x)}
X—0
:HZz
4] 16

73. 1im+/25+x —/x

At large values of X the function goes to 0.

[0, 100] by [0, 10]

2
X
74. lim —
x—0 2%
At large values of X the function goes to 0.

[22,20] by [0, 1.5]

2
X“ —2X+3
75 lim —/————
x—o  2X“+1
At large values of X the function goes to .5.

[0, 50] by [0, 1]
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76.

. 8x2+1
lim ———
x—wo X +1

At large values of X the function goes to —8.

[0,20] by [29,1]

Exercises 1.5

10.
11.

12.

13.

. No

Yes
Yes

Yes

Yes
Yes
No

No

f(x)= X

lim f(x)= lim x
X—1 X—1

fy=1%=1
Since lim f(x)=1= f(1), f(X) is continuous at
X—>1

2y

x=1.
f(d+h)—f
h—0 h

. (1+h¥-M? . 1+2h+h? -1
=lim——————=lm———/—
h—0 h h—0 h
L 1) S
h—0 h
Therefore, f(X) is continuous and differentiable at X
=1.

14.

15.

16.

Chapter 1: The Derivative

1
f(x)=—
0=
. .1
lim f(X)= lim— =1
Xx—1 x—1X
1
f()= I =1
Since lim f(x)= 1= f(1), f(X) is continuous at
Xx—1
x=1.
f+h)—fa - -
/(1) = lim Arn-1D _ ppp, T
h—0 h h—0
T 1-(1+h) 1 i 1 ]
=lim———— — = lim-——=—
h-0 l+h h n5o 1+h
Therefore, f(X) is continuous and differentiable at x
=1.
X+2 for —1<x<1
f(x)=
3x forl<x<5
lim3x=3
X—1
lim(x+2)=3
X—1
f(l)y=1+2=3
Since lim f(x)=3 = f(1), f(X) is continuous at
X—1
x=1.
Since the graph of f(x) at x = 1 does not have a
tangent line, f(x) is not differentiable at x = 1.
Therefore, f(X) is continuous but not differentiable
atx=1.
X forl<x<£2
f(X):{X3 for 0< x<1
limx* =1
X—1
limx =1
X—1
f(1)=1

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

x=1.

Since the graph of f(x) at x = 1 does not have a
tangent line, f(x) is not differentiable at x = 1.
Therefore, f(X) is continuous but not differentiable
atx=1.
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17.

18.

19.

20.

21.

22.

2Xx—=1 for0<x<1
f(x)=
1 for 1 < x

liml=1

X—1

lim(2x -1) =1

X—1

f(h=2()-1=1

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

x=1.

Since the graph of f(x) at X = 1 does not have a
tangent line, f(X) is not differentiable at x = 1.
Therefore, f(X) is continuous but not differentiable
atx=1.

X forx=1
f(x):{

2 forx=1
limx =1
X—1
f(1)=2

Since lim f(x)=1=2= f(1), f(x) is not
X—1

continuous at X = 1. By Theorem 1, since f(x) is
not continuous at X = 1, it is not differentiable.

—— forx=#1
f(X)=9x-1

0 forx =1

lim f(X)= lim is undefined. Since

X— X—>1X—

lim f (X) does not exist, f(X) is not continuous at X
X—1

= 1. By Theorem 1, since f(X) is not continuous at

X = 1, it is not differentiable.

x—1 for0<x<1
f(x)=41 forx=1
2Xx—=2 forx>1

lim(x—1) =0 = lim (2x —2), but if f(1) = 1, so
x—>1 X —l

f(x) is not continuous at X = 1. Therefore, f(X) is not
differentiable at x = 1.

X2 =TXx+10  (X=5)(X=2)
x-5  x=-5
f(5)=5-2=3.

X — 2, so define

X2+ X =12 = (X +4)(x = 3), so define
f(4)=-4-3="7.

56

23.

24.

25.

26.

217.
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X3 —5x2+4

%2

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

x% +25

X—5

It is not possible to define f(x) at X =5 and make
f(X) continuous.

2 _
(6+X)—36: 12 + X, define
f(0) = 12.
Jo+x -9 \/9+x+\/§_ 1

X '\/9+x+\/§_\/9+x+\/§’

1
define f(0) :g .

a.

The function T(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
.15x for 0 < x <27,050
T(X) =4.275x — 3381.25 for 27,050 < X < 65,550
.305%x — 5347.75 for 65,550 <x <136,750

T(®)

40,000

; 30000
= 20,000

10,000

40 80 120160200
Taxable Income (thousands)

T(65,550) is the maximum tax you will pay
for income below the third tax bracket.
T(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 T(65,550) — T(27,050) = 10,587.5
dollars.
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28.

29.

a.

The function T(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 — 338125

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
15x for 0 < x <27,050

275%x —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

T(X)

100,000
80,000

& 60,000
40,000
20,000

1 1
100 200 30
Taxable Income (thousands)

T(297,350) — T(136,750) = 93,374 — 36,361 = $57,013

The function R(X) is a piecewise function
For 0 <x <100, R(x) =2.50 +.07x.
For x > 100, we have
R(X) =2.50+.07-100 +.04(x —100)
=5.50+.04x
All together, we have
2.50+.07x for 0 <x <100

R = {5.50 +.04x for X > 100

Let P(X) be the profit on X copies.
For 0 <x <100, P(x) =2.50 +.07x — .03x = 2.50 + .04x
For x> 100, P(x) = 5.50 +.04x — .03x = 5.50 + .01x
All together, we have
P 2.50 +.04x for 0 <x <100

(%=15.50+.01x for x> 100

57
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30. a. For0<x<50,R(x)=".10x.
For x> 50, R(x) = .10(50) + .05(x — 50) = 2.50 + .05x
All together, we have
J10x for 0 <x <50

R = {2.50 +.05x for X > 50

b. Let P(X) be the profit on X copies.
For 0 <x <50, P(x) =.10x — .03x = .07x
For x> 50, P(x) =2.50 + 0.5x —.03x = 2.50 + .02X
All together, we have
07xfor 0 <x<50

PX) = {2.50 +.02x forx > 50

31. a. The rate of sales is the slope of the line connecting the points (8, 4) and (10, 10).
L _Yamy_10-4
S X,—-X  10-8
The rate of sales between 8 a.m. and 10 a.m. is about $3000 per hour.

b. We need to find the 2-hour period with the greatest slope. Looking at the graph gives 3 possibilities:
8 a.m. — 10 a.m., m = 3 (from part a)

2=y 16-12
12p.m.72p.m.,m:y o _0-2_
Xy =% 14-12

22 -18
8-6
The interval from 8 a.m. to 10 a.m. has the greatest rate, which is $3000 per hour.

6p.m. —8pm, M=

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

o 3-0 1 1-4 1
Midnight — 2 am., m = =—=.25; 2am,—4am, M= =—=.25
2 4 2 4
TR = N DU =
a.m., am., M= 5 5T a.m., am., M= 5 -
10-4 12-10
8am,—10am, m= > =3; 10 am.,—noon, m= > =
5 m—16_12—2-2 4 m_17—16__1_5
noon p-m., M= R p-m. p-m., M= 5 5T
4 6 m_18—17__1_5 6 g m_22—18_
p.m. pm., M= 5 T 5T p-m pm., M= > =
8 10pm, m=22"22_1_ 55 19 idnight, m= 2222 _ 1 _ 53
p-m. p.m., M= > =g T p-m. — midnight, m = > ==
The intervals midnight — 2 am./w 2 am. — 4 am., 8 p.m.— 10 p.m., and 10 p.m. — midnight have a sales rate of

$250 per hour.

The intervals 4 am. — 6 am., 2 p.m.— 4 p.m., and 4 p.m. —6 p.m. have a sales rate of $500 per hour.
The intervals 6 am. — 8 am. and 10 a.m.— noon, have a sales rate of $1000 per hour.

The intervals noon— 2 p.m. and 6 p.m.— 8 p.m. both have a sales rate of $2000 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.

33. For the function to be continuous, lim f(X) must exist and equal f(0). Therefore
x—0

lim(x+a)=Ilim 1, soa=1.
X—0 X—>0
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34. For the function to be continuous, lim f(X) must exist and equal f(0). Therefore,
X—0

lim 2(x —a) = lim x° +1
x—0 x—0

2(-a)=(0)* +1
—2a=1

a=-=
2

Exercises 1.6

1. y:x3+x2
dy d 3 o, d 3
dx_dx(x X )_dxx dx
2. y=3x*
dy d

2L ==3xH=12x
dx dx( )

3. y=%=2x‘2
X

dy d . i
—=—2X7)=A4Xx" =—
dx  dx (@x7) X3

6. um=u+%

d 1 d d(1

— 24— |=—(12)+—| —

dx( +73j dx( )+dx(73j
=0+0=0

7. f(x)=x4+x3+x

i(x4 +X +X) VL R
dx dx dx dx
=4x’ +3%x* +1

d
+—x2 = 3x2 +2X
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10.

11.

12.

13.

14.

15.

y=4x =2x* +x+1

dy d d d d d
&:&(4% —-2x’ +x+1):&(4x3)—&(2x2)+&(x)+—(1)
=12x* —4x+1

y=(2x+4)
dy d

dx  dx
=3(2x+4)’(2) = 6(2x + 4)*

(2x+4)’ =3(2x+4) %(2x+ 4)

y=(x"-1’

dy d

dx  dx
=3(x* = 1)*(2x) = 6x(X* =1)°

d

(X* =1y =30 =1)° &(xz -1)

y=(x+x>+1)
ﬂ:i(ﬁ +X7+1) =706 + X +1)6i(x3 +X*+1)
dx dx dx

=7(% + x> +1)°(3x* +2x)

y=0¢ 40

% = %(x2 +X) 2 =2(x*+x)° %(x2 +X)

=2(x* +X)°(2x+1)

|~

4x 72

— 8
X2 =——

o <
Il

>
&}

o

= |~<
I
N

o

3 IQ'

>

(98]

y=4(x-6)"

dy d 2 -3 2 -4 d 2
—=—4(X"-6)" =—12(X"-6)" —(X" -6
a6 O =6)" (X" =6)

=—12(x* = 6)*(2x) = —24x(x* - 6)™*

y=32¢ +1=302x +1)*

Y _ 9oy o+ %Lk
dx dx dx

= (2 +1) 75 (4%) = (4X)(2X +1) P
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16.

17.

18.

19.

20.

21.

22.

Calculus & Its Applications, 11e

y= 2\/x+ —2(x+1)2
dy _
dx

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

2(x+l)/ (x+1) 8 vl

y =2X+(x+2)
dy

d d d
=—(2X+(x+2)* )= —2x+—(x+2)’
dx dx< O )) dx +dx( *2)

:2+3(x+2)2%(x+2):2+3(x+2)2(l)

=2+3(x+2)’

y=(x-1)"+(x+2)*

dy _d/ 4

&_dx((x ) +(x+2)) (x 1’ o (x+2)
=3(x— 1) (x 1)+4(x+2) (x+2)
=3(x—1)* (1)+4(x+2) (1):3(x—1) +4(x+2)°
L1

V=5 75

dy df1 <1

ool s |

y=(X*+1)* +3(x* =1)’

Y i((x2 +1)? 43¢ =1 ) = i(x2 +1)? +i3(x2 —1)?
dx dx

=2(x +1) (x +1)+6(X -1) (x -1

=2(x? +1)(2x)+6(x —1)(2x)=4x(x +1)+12X(x —1)

= =X’ +1)"
y x* +1 ( )

dy d ., 3 2 d s
= _ - D' =— N 1
ix dX(x+) (X +1) dX(x+)

=—(X’ +D)?3x) =-3x (X’ +1)7

y=L=2(x+1)‘l
X+1

dy d O L d
—=—2 " =-2 N~ — 1
o dx (x+1) (x+1) dx(x+ )

= 2(x+1)2(1) = —2(x+1)
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23.

24,

25.

26.

217.

28.

29.

1
y=X+——=X+(x+1)"
X+1

dy
dx

:%(H(xﬂ)*):%H%(xﬂy1
=l+—(x+l)‘2di(x+l)=1+—(x+1)‘2(l)
X

=1+—(x+1)7

y =2 +1=2(x +1)*

dy d PITPIS 7B AR A « R

o T+ == (X 1) A — (6 +1

dx dx (+1) 2(X+) dx(x+)
= %(x2 +1)7% (2%) = x(X* + 1)7%

f(X)=5V3%° +x =53%" +x)""?

i[5(3x3 +x)?]= Si(3x3 +x)"?
dx dx

1 d
=5—BX+x)7"? —Bx* +x
2( ) dx( )

509X +1)  45%7+5
W3 +x 243% +x

ZS;Z(X?,‘FX‘FI)_]
X +X+1
ﬂ:i(x3+x+l)’1 :—(x3+x+1)’zi(x3+x+l)
dx dx dx

=—(X +X+D2CBX + D) =-CBxX> + (X’ +x+1)7

y=\/1+x2=(1+x2)%

dy d | ,- d oy 1 9yt

—=—{+x) ==(1+x) * —(1+x)==—-(14+x") 7-2X

™ dx( ) 2( ) dx( ) 2( )
X

NESS
y=VI+x+X2 = (1+x+x2)

dy d 1 ,1 d 2
—=—{+X+x" ) ==-(1+x+x") - —(1+X+X
dx dx( ) 2( ) dx( )

:%-(1+x+x2)’%~(1+2x)

62

ISM: Calculus & Its Applications, 11e



ISM: Calculus & Its Applications, 11e Chapter 1: The Derivative

1
30. =——  =(2x+5)"
y 2X+5 ( )

ﬂ:i(zmsyl =(-1)-(2x+5)? -1(2x+5)
dx dx dx
2
=—(2x+5)72=-—"—
(2x+3) (2x+5)

2 _
31 y=1"0=201-5%) !

Y _9 s =29 5%
o = g 20501 1=211-50 ")

=2-(-1)(1-5%)" -;—X(l-sx)

= -2(1-5%)7 - (=5) =10(1-5%)

82y _7(1+x)’%
1 s d
—{70 =7l —=|a+x 7 —q
o= (+x>] [zjux) (140
J(Hx)?-l:— 7
2(1+x)?
45 1
33, y=—" =451+ %x+Xx*)"
¢ 1+ X+/x ( )
dy _d NS 3\ d )
&_&[45(l+x+x) ]_45( 1)(1+x+x) &(1+x+x)
:—45(1+x+\/§)2[1+%x‘%J

34, y=(1+x+x)"
ﬂ:i(1+x+x2)“ :11(1+x+x2)1°i(l+x+x2)
dx dx dx

=111+ x+x*)""(1+2x)

35. y=X+1+x+ :x+l+(x+l)%
dy d 1 d d d 1
—=—(X+1+(X+1)? )= —x+—1+—(X+1)?
dx dx( ( )) dx  dx dx( )

1 1
=l+—(x+1)>?
2( )

36. y=rxx
dy d

_O a2
dx_dx(ﬁx) d
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37. f(x)= [£+ IJ

2
3/2 1/2
i £+1 :2 £+1 i ﬂ.{.l
dx{ 2 20 2 dx|{ 2
1/2
T RS N U g
2 22
1/2
_3(x (1)
4
B 3 £+1 1/2
8J/x | 2

38, y :(X_al T

dy_i I N _71721 !
&—dx[w X = (=Dx=x" 5 <)

L L I
=—(X=x")"(-(-Dx )= (x—%)z_ 1)

39. f(x)=3x2-2x+1, (1,2)
slope = f/(x)= &mz —2X+1)=6x-2
f/(1)=6(1)—2 =4

40. f(x)=x"+1++1-x, (0,2)
_ £ _ d 10
S]Qpe—f(x)—&(x +1+\/1—X)
PP I IV
=10x +dx(l X)
=10x’ +(%(1— x) /2 -(—1)]
1

NI

'(0)=10(0)° - L

=10x’ —

41. y:x3+3x—8
d
slope:y’:&(x3 +3X—8)=3X2 +3
f1(2)=32)> +3=15
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42.

43.

44,

45,

y:x3+3x—8

y’:3x2 +3,atx=2,y" =15

To find the equation of the tangent line, let
(X1, Y1) =(2, 6) and the slope = 15.
y—6=15(x-2)

y=15x-30+6

y=15x-24

y=f(x)= (x> -15)°

_dy_d o2 o6
slope—dx— dX(X —15)

=6(x2—15)5-£(x2—15)
=6(x* —15)° 2x = 12x(x* - 15)°
slope = f'(x)= 12x(x* -15)°
f'(4) =12(4)(16 - 15)° =48
f(4)=(4*>-15° =1

Let (X1, V1) = (4, 1), slope =48.
y—1=48(x—4)

y=48x—-192+1
y=48x—-191

8

- f(X) = ——
y="1x) X2 +X+2

8
f2)=————=1
2 22 4242

d _
slope = f'(X)= &8(x2 +X+2) !

= 8(—1)(x2 + X+ 2)72 ~§(x2 +X+2)

a2 ~_8(2x+1)

= —8(X +X+2)(2X+1)__(x2+x+2)

f-—SdrD 40 5
4+2+2) 64 8

Let (Xl, yl) =(2, 1)

5
1=—2(x-2
y-1=-20¢-2)
_ﬂ+ﬂ+1
Y=g "%
9
Yy=7% "%

f(x)= (3x2 +X— 2)2

d - 2

a. dX(3x +X-2)
a2 d .2
=203x" +x-2) dx(3x +X-2)
=2(3x% + X - 2)(6x +1)

Chapter 1: The Derivative

b. (3x2 +x—2)(3x2 +Xx-2)
=9x* +3x3 — 6x% +3x°
+X2 - 2X—6X% —2x+4
:9x4 +6x3 —llx2 —4x+4

d£(9x4 +6X3 —11x% —4x + 4)
X

=36x> +18x> — 22X —4

d
46. —[1(0-g00)
_4 f X)—i (x) (sum rule)
N
= ? f(X)+§(—1)g(x) (const. mult. rule)
= 100-—-900)
47. f(1)=.6(1)+1=1.6,s09(1) =3f(1)=4.8.
f/(1)= .6 (slope of the line), g'(1) = 3f'(1)=1.8
48. h(1)=f(1)+g(1) = —4(1)+ 2.6 + 26(1) + 1.1
=3.56
h(l) = /(1) +g'(1) =—4 + 26 =14

49. h(5) = 3f(5)+2g(5) = 3(2) + 2(4) = 14
h'(5)=3F(5) +29'(5) =33)+2() =11
50. f(x)=2[g(x)]’
£(x) = 6[g(0)1*g'(x)
f(3)=2[g3)] =2(2)° =16
£'(3) = 6(2)° 4 =96

51. f(X)=5yg9(x)

5
f'(x)= "(X
(x) 5 g(X)g()
f(1)=5\g(l) =5v4 =10
15

5 5
£/(1) = My=——3=
O 2g(1)g() W4T 4

52. h()=[F] +/g() =1 +V4 =3

h(x) = 2[ £ (0] f '(x)+%[g(x)]’5 9’
h(ty=2[ £ ()] £() +%[g(1)]’5 g'(1)

~20)(-D 42 () (4 =1
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d
53. d_))(/ =x2-8x+18 = 3, since the slope of

6x—2y=11s3.

X2 —8x+15=0

xX-3)x-3)=0

X=3o0rx=>5

Fit 3 and 5 back into y [] points (3, 49) and

5
] 3 .

54, ﬂ:3x2 —12x-34=2
dx

3x* —12x-36=0
X*—4x-12=0
(Xx=6)(x+2)=0
X=-2 or X=6
Put -2 and 6 back into the equation to get the
points (-2,27) and (6,-213).
55. y=1(x)
3-5 1
0-4 2
Let (X}, y1) = (4, 5).
1
-5==(x-4
y-5=7(x-4)

slope =

1
==—X-2+5
y=3

—lx+3
y=73

f(4)=%(4)+3:2+3:5

1
f'(4) :E

1
56. y= f(x):5x2—4x+10
1
1‘(6)=5(6)2 —4(6)+10=18-24+10=4

d (1
slope = f’(x):&(z x* _4X+10j

:l-2x—4:x—4
2
fl(6)=6-4=2
Let (X1, y1) =(6, 4).
y—4=2(x-06)
y=2x-12+4
y=2x-8

To find the value of b, let X = 0 and solve fory.

y=2(0)-8=-8

ISM: Calculus & Its Applications, 11e

57. a. The sales at the end of January reached
$120,560 = S(1) = $120,560
Rising at a rate of $1500/month
=S'(1)=$1500

b. At the end of March, the sales for the month
dropped to $80,000 = S(3) = S(2) — $80,000
Were falling by about $200/day
= S'(3) = $200(30) = $6000

58. a. S(10)= 3+% =$3.07438 thousand

-18_

S'(10) = TE $—.013524 thousand/day

b. Rate of change of sales on January 2: $-.667
thousand/day (down $667/day), rate of change
of sales on January 10: $-.013524 (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.

59. a. S(10)= 3+% =$3.07438 thousand

-18_

$'(10) = 113

$—.013524 thousand/day

b. S(11)~S(10)+S'(10)

=3.07438 +(-.013524)
=$3.060856 thousand

S11H)=3 +% =$3.0625 thousand

60. a T()=22, 36
5 5(3(1)+1)

T'(x)= %(?+%(ax+1)zj = —75—2(3x+1)" ?3)

= $5.25 thousand

=—%(3x+1)’3

T'() = —%(3(1) +1)° =$-.675 thousand/day

S(1)=3 +% =$5.25 thousand

S'(1) = —% =$-2.25 thousand/day
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b. According to both functions, the sales were Exercises 1.7
$5250 on January 1. Although, the rate at which
sales fell on that date differ. T(X) gives a much 1. f(t)= (t2 + 1)5
smaller rate of sales dropping then S(X). g 2o =52 +1? i t2 41
@407 =507+t 4
61. a. When $8000 is spent on advertising, 1200 =5 + 2t =10t +

computers were sold = A(8) =12, and it was 3 5

rising at the rate of 50 computers for each $1000 2. f(P)=P"+3P"-7P+2

spent on advertising = A'(8) =.5 d4 (P3 +3P2-7P+2)=3P2 + 6P —7
dP

b. A(9) ~ A®8)+ A'(8) =12.5 (hundred)

2 2 3
— 1,250 computers. 3 V(D) =40 +11t+1=4t + 116 +1

d ) L B 11,1
62. S(n): The number of video games sold on day n a(4t +11t> +1) =8t +?t 2
since the item was released.
2
4. 9g(y)=y -2y+4

S'(n) : The rate at which the video games are d 5
d—(y -2y+4)=2y-2
y

being sold on day n since the item was released.

S(n)+S'(n) : The approximate number of video 5 y =T 4T* 4372 T -1
games sold on day n + 1 since the item was d d
released. —y:—(TS—4T4+3T2—T—1)
dr dT
63. Federal debt at the end of 1999 = D(4) =5T*—16T° +6T -1
D(4) = 4.95+.402(4) —.1067(4)" +.0124(4)’ —.00024(4)*
@ “ @) ) ) 6. x=16t% +45t+10
=$5.58296 trillion dx  d 5
Rate of increase at the end of 1999 = D'(4) gt a(l6t +45t+10) =32t +45
D'(x) =.402 —.2134x+.0372x* —.00096x’ d X X
D'(4) =.402—.2134(4) +.0372(4)* —.00096(4)’ 7. P (3 p? -5 P+ lj =6P -3
=$.08216 trillion/year
d d 1
8. —s'—1=—(s"-1)
ds ds( )
1 o d 1 1
=5(52 - E(Sz -1 =5(Sz —1)3(2s)

64. a. D(8) =$6.70296 trillion
B . d 22 2. 20 S22 o o2 .2
D(6) = $5.88816 trillion 9. " @t +b°t+c)=2at+b” +0=2a"t +b
No, the federal debt was not twice as large by

the end of 2003 than the end of 2001. 5 3 5 ,d _,
10. iy +3P)” =3(T" +3P) $(T +3P)
b. D’(8)=3$.58408 trillion/year ) )
, o =9(T" +3P)
D’(6) = $.25344 trillion/year
Yes, it is true that by the end of 2003 the federal 11. y=x+1
debt was increasing at a rate that was more than y'=1
twice the rate at the end of 2001. y"=0
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

y=(x+12)°
y =3(x+12)?

Yy =6(X+12) = 6X+72

y — X = XUZ

, 1
==X

y'=3

" YD)
=—=X

y'=

y =100

y'=0

y”=0

y=+vx+1 :(x+1)%

1 L
"=—(x+1)?
y 2( )
" 1

1 3 1 2
y Z—E(EJ(X'Fl) :_Z(X+l) -

v=2t2 +3t+11
V=4t +3
V=4

f(r)y=mr?
fr(ry=2zar
f'(ry=2x

y= 7% +3x?
y’ = 6X
yN=6

f(P)=(3P+1)°

f/(P)=53P+1)* -d—i GBP+1)
=5@P+1)*3=153P+1)*
f"(P)=60(3P +1)> -d—i(3p+ 1)
=60(3P+1)°-3=180(3P + 1)°

T=(+2t) +t>
T'=2-(1+2t)-243t2 =4 +8t+3t2

T"=8+6t

d 2
—(2x+7)

x=1

=[x+ 7] _ =4C1)+7)=36

:[2(2x+ 7)&(2x +7)}

22.

23. i(z2 +22+1)
dz

24.

25.

26.

ISM: Calculus & Its Applications, 11e

i(tz
dt

=2(0)—

= [7(22 +22+1)° di(z2 +212 +1)}
z

g
+_
t+1

= [2’[ +(=D(t+1)” %(t + 1)}

t=0

L

_d
dt

(0+1)2 o

7=

-1

t

=72z +2)z7* +2z +1)‘5|Z:71

=7(2(=D+2)((-1* +2(-1)+1)

=0

d2
F(3X4 +4X2)
X

d

2
4
—2(3X

dx

2

ﬁ(3x3—x2+7x—1)

X=2

+4x7)

X=2

di(3x4 +4x*)=12%" +8x
X

di(12x3 +8X) =36X> +8
X

=0

=2t

z=-1

=36(2)° +8=152

x=2

d
&(3x3 x> +7x=1) =92 —2x+7

d
&(9x2—2x+7):18x—2

2

P(3x3—x2+7x—1)

(o0
dx \ dx

dy
dx

d ...
—(3x +2
dX( +2)

x=1

x=1

x=2

—:di(x3+2x—11):3x2+2
X

,wherey = x> +2x—11

=6x|_ =6()=6

1

(t+)’

=18(2)-2 =34

t=0
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27.

28.

29.

30.

31.

: Calculus & Its Applications, 11e

f'(1) and f"(1), when f (t) = L
2+t

F'@) = (DR+t)2, f'()=-Q+1)7 = _%

f(t) = (-2)(-D2+1)7,
(1) =2(2+1)" =% _2
$ 27
9'(0) and g"(0), when g(T) = (T +2)°.
9'(T) =T +2)?
9'(0)=3(0+2)> =12

g"(1)=6T+2)
g"(0)=6(0+2)=12
E(@j , where v —20t+12
dt \dt /]_5,
@zzo, E(20) =0
dt dt -
i(d—uj, where v = 2t +L
dt\ dt t+1
do d,., 0
—=—(2t" +(t+1
& a2 )
=4t+(=)(t+D) %(t +1)
=4t—(t+1)7
d(do) d
| = |=—(4t—(t+1)?
dt(dtj A7)

=4—(=2)(t+])7 %(t +1)

2

=4+
t+1°

R = 1000 +80x — .02x>, for 0 < x < 2000
dr
— =80 .04x
dx
dr

- — 80— .04(1500) =20
dX lx=1500

69

32.

33.

34.

Chapter 1: The Derivative

V:20(1— ),O§t§24

100 +t2
V =20-2000(100 + t> )"

v 20000100 +t2)7 g (100 +t2)
dt dt

=2000(100 + t2) 2 - 2t = 4000t(100 + )2

av
dt

_4000010)

=10 (100+102)2

a. f(x)= x> —x* +3x
fr(x)=5x* —4x> +3
f(x) =20x° — 12x*
f(x) = 60x> — 24X

b. f(x):4x5/2
fr(x)=10x>"
f”(x):15x1/2
£7(%) B B

2 24/x

a. f(t)=t"
f(t) =10t°
f(t) = 90t®
f(t) = 720t7

b. f(2) :2—15 =(z+5)7"

f(2)=—(z+5)*
f"(2)=2(z+5)"

6
f7(2)=—6(z+5) " =—
(2 (z+5) 2+ 97
35. s=Tx*+3xP+T?
a. ﬁzi(Tx2+3xP+T2)=2Tx+3P
dx dx
b. E=i(Tx2+3xP+T2):3x
dP dP
c. E=i(Tx2+3xP+T2)=x2+2T
dT dT
36. s=7x*y\z
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37.

38.

39.

40.

41.

a. d_zs: ¢’ (7x2yﬁ)=%(l4xy\/§)

dx  dx®

=14y\z

ds d /., 7, 47Xy
C. —=—|7XyJz|==Xyz 2=
dz dz( yf) 2 y 2z

C(50) =5000 : Tt costs $5000 to manufacture 50
bicycles in one day.

C'(50) =45 It costs and 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) =$2.6/unit
b. R(X)=3x-.01x> =200
= X =100 or X = 200 units .
A—d
B—>b
C—a

D—>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) = $.075 thousand /unit ($.75 per chip

= $75 per unit = $.075 thousand/unit)

b. Marginal Profit = Marginal Revenue - Marginal
Cost
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P'(12) = R'(12)~C'(12) =.075—.15
=-$.075 thousand/unit
=—$75/unit

P(13) = R(13)-C(13)

R(13) ~ R(12) + R'(12) = 22 + .075
=$22.075 thousand

C(13)~C(12)+C'(12) = 14+.15

=$14.15 thousand

= P(13)=22.075-14.15=$7.925 thousand

Although cost is increasing at a rate greater than
revenue at 1200 chips, it is still profitable to
raise the production level to 1300.

X

f(x)=
(x) 1+x2
X

Y, = 3

1+X
Y, =nDeriv(Y, X, X)
Y3 =nDeriv(Y;, X, X)

i

[24,4] by [22, 2]

C(X) = .005%> — .5x% + 28 + 300

a.

[0, 60] by [2300, 1260]

b. C(x)=535
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.
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c. Cx)=14
Graph the derivative:
Y, = 015X% - X+28 and Y, =14.
Using the Intersect command, the points

2
(20, 14) and (463 , 14) are on both graphs.
The marginal cost will be $14 at production

2
levels of 20 items and 465 items.

Exercises 1.8
1. f(x)=4x>

a. Overl<x<2,
fl)-f(a) 42y -4 16-4

=12
b-a 2-1 1

over | <x<1.5,

nm—fm)_«1$2—4n2_9—4_10

b-a 1.5-1 .5
over | <x<1.1,

nm—n@:4an%4uﬁ:4M—4

b-a 1.1-1 1
=8.4
b. f'(x)=28x
f'()=8
6
2. f(x)=——
() ==

a. Overl<x<2,
fo)-fa) —5—(-%) -3+6

= =3
b-a 2-1 1
over | <x<1.5,
fo)-f@ _—is-(-1) _4+6_,
b-a 1.5-1 5
over ] <x<1.2,
fO)-f@_—5-(-1) _-5+6_,
b-a 1.2-1 2
6
b. f'X)=—
(¥)="3
fxn:%:6
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3. f(t)y=t> +3t-7

a. Over5<x<6,
fl)—f(a) 62+36)-7-(2+3(5)-7)
b-a 6-5
=36+18—7-25-15+7=14

b. fl(t)=2t+3
f1(5)=2(5)+3 =13

12
4. f(H=3t+2-—

a. Over2<x<3,
f(b)-f(a) _3(3)+2—%_(3(2)+2_%)
b-a 3-2
=90+2-4-6-2+6
=5

12
b. f’(t):3+t—2

12
F(2)=3+3=3+3=6

5 a. f(1)=14,1(5)=7
fly-f@ 7-14 -7
b-a  5-1 4
b. Slope of tangent line at t = 9:
10-5 5
11-5 6

5
The yield was rising at the rate of g percent

per year on January 1, 1989.

C. The graph is clearly steeper in 1980 than in
1989, so the percentage yield was rising faster
on January 1, 1980.
6. a. f(20)= 150, f(60) =300
f(by—f@ _300-150 150
b-a — 60-20 40
1
=4 acres per year
b. Slope of tangent line at X = 50:

400 ~150 250 25

80-40 40 4
The mean farm size was increasing at the rate

of 7 acres per year on January 1, 1950.
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10.

11.

c. The graph is steeper in 1960 than in 1980, so
the mean farm size was rising faster on
January 1, 1960.

W(t) =.1t2
Over4 <t<s5,
f()-f(a) .15*-.14)? 2.5-16
b-a 5-4 1
grams
=9&—
week
W'(t) = .2t
W(4) = 2(4) = .8 T2
week

f(t)=—3t2 + 32t +100

Over3<t<4,

f(b)-f@

b-a
_ S3(4)° +32(4)+100 - (=33)° +32(3)+100)
4-3

=48+ 128 + 100 + 27 — 96 — 100 = 11 units/day
fI(t) = —6t +32

f'(2) =—6(2) + 32 = 20 units/day

1 3
f(t) = 60t + 1> ——1t
Q) B

|
f1(t) + 60+2t—zt2

1
£1(2) = 60+ 2(2) -2(2)2 =60+4—1
= 63 units/hour
f(t)=5t—+t
=53

1 1 19
fd)=5-——=5-—=2
(4) o Ja 4~ gallons/hour

s(t) = 2t% + 4t

a. s'(ty=4t+4
s'(6) = 4(6) +4 =28 km/hr

b. s(6)=2(6)%+4(6) =72+ 24 = 96 km
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C. Whendoes s'(t)=67?
4t+4=6
4t=2
1

2
The object is traveling at the rate of 6 km/hr

1
hen t =— hr.
when t=— hr

7
12. s(t) =50t———
sV t+1

5'(t):50+(t+1)2

s'(0) =50+ 5 =57 km/hr
(0+1)
-14

SO=5y

—14
0+1)>

5"(0) = = —14 km/hr2

13. s(t) =160t - 16t>

a. s'(t)=160- 32t
$'(0) = 160 — 32(0) = 160 ft/sec

b. s'(2)=160-32(2) =160 — 64 = 96 ft/sec

C s"(t) =32
$"(3) =32 ft/sec?

d. When will s(t) = 0?
160t —16t> =0
16t(10-t)=0
t=0ort=10sec
The rocket will hit the ground after 10 sec.

e. Whatis s'(t) whent=10?
s'(10) =160 — 32(10)= 160 -320
=-160 ft/sec

14. s(t)=t> +t

a. When will s(t) =20?
20 =t% +t
2 +t-20=0
t+5)(t-4)=0
t+5=0 or

=-5 t=4

t must be positive, so the helicopter takes
4 seconds to rise 20 feet.

t—4=0
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15.

16.

17.

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

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

first derivative evaluated at t= 3, or s'(3).

b

B. To find when the velocity will be 3 feet per
second, set S'(t) =3 and solve for t.

d

C. The average velocity during the first
3 seconds can be found from:
f(h)—f(@ sB)—s@©)
b-a 3

f

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

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

F. The ball will be s(3) feet high after
3 seconds.
C

G. The ball travels s(3) — s(0) feet during the first

3 seconds.
g
f(b)— f(a) 474-45 24 .
= =— =4 les/h
b-a 1051 05 +8 miles/hour

To estimate the speed at time 1 hour, calculate the
average speed in a small interval near one hour:
f(by— f(a) fa.on-—fa) 45.4-45
b-a ~  101-1 01

4
= — = 40 miles/hour
.01

s(t) =2 +3t+2

a. s'(Hh=2t+3
$'(6) =2(6)+3=12+3=15 feet/second

b. No; the positive velocity indicates the object
is moving away from the reference point.
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c. The object is 6 feet from the reference point
when s(t) = 6.
s()=t> +3t+2=6
t2 +3t—4=0
t+4Hit-DH=0
t+4=0o0rt-1=0
t=—4  t=1
Time is positive, so t = 1 second. The velocity
at this time is:
s'(1)=2(1) +3=5 feet/second

a. Ifthe car travels at a 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.

b

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

c. If the car is backing up, its distance function
will have a negative slope.

d

d. Ifthe car is accelerating, its velocity is
increasing, so the slopes of tangents to the
distance curve are increasing.

a

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

f

f(100) = 5000
f'(100)=10

f(a+h)- f(a)~ f'(@)-h
f(a+h)y=f'(@)-h+ f(a)

a. 101=100+1
f(100+ 1) ~ £(100)-1+ f(100)
~ 10 + 5000 = 5010

b. 100.5=100+.5
f(100+ 5) ~ £'(100)-.5+ f(100)
~ 10 - .5+ 5000 = 5005

c. 99=100+(-1)
f(100 + (=1)) ~ f/(100)-(=1)+ f(100)
~10-(=1)+ 5000 ~ 4990
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d. 98=100+(-2)
f(100 + (-2)) = £'(100)-(=2) +  (100)
~ 10(~2) + 5000 = 4980

e. 99.75=100 + (-.25)
f(100 + (—25)) = £'(100) - (-.25)+ f(100)
~ 10(—.25) + 5000 = 4997.5

20. f(25)=10

f/(25)= -2
f(a+h)y=f'(@)-h+ f(a)

a. 27=25+2
f(25+2) ~ £'(25)-2+ f(25)
~2-2+10=6

b. 26=25+1
f(25+1) =~ f'(25)-1+ f(25)
~-2-1+10=8

C. 2525=25+.25
f(25+25) ~ £/(25)- .25+ £(25)
~2-25+10=95

d. 24=25+(-1)
f(25+(1) ~ f'(25)- (= 1)+ £(25)
~2-(1)+10=12

e. 23.5=25+(-15)
f(25+(-1.5)) ~ f'(25) - (-1.5) + f(25)
~2-(-1.5)+10=13

21. f(4)=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(4+ . 1) =f'@) .1+ f4)
~-5-.1+120~119.5°

22. 13)=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.
At 3.5 hours:
35=3+.5
f(3+.5)~f'(3)-.5+ f(3)
~-5-5+2=1.75mg
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23. 1(10,000) =200,000; f’(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. 1(100,000) = 3,000,000; f'(100,000) =30
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. Or, for every dollar decrease from that
amount, 30 fewer toys are sold.

25. f(12)=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.

f(12.5)~ f(12)+.5f'(12)
=60+.5(-2)=59
About 59 computers will be sold if the price
increases to $1250.

26. C(2000) = 50,000; C'(2000)= 10
When 2000 radios are manufactured, the cost to
manufacture them is $50,000. For every additional
radio 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

27. 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)
f(100+ (—1) ~ f'(100)- (-1)+ f(100)
~ 1200(-1)+90,000 ~ $88,800

28. 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, he
value is increasing at a rate of $.25/day.

b. f(101)~ £(100)+ f'(100)=.25+16
=$16.25/share
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29. C(X)=6x>+2x+10

30.

3L

32.

a.

C'(x)=12x+2
C'(5) =12(5)+2 = $62 thousand/unit

C(5.25) ~ C'(5)(.25)+ C(5)
=62(.25)+170 = $185.5 thousand

c. Solve 6X* +2x+10=—x>+39x

7x* =37x+10=0

o 37+4/(=37)" = 4(7)(10) _37%33

14 14

X:2 orx=>5
7

Since we can’t produce 2/7 of an item, the
break even point is as X = 5 items.

R'(x) = -2x+39; R'(5) = $29/unit

C'(x) =12x+2; C'(5) = $62/unit

No, the company should not increase
production beyond X =5 items. The
additional cost is greater than the additional
revenue generated and the company will lose
money.

f(9)~ f'() =1+ ()

f)=(1+x)"; f(1)=.5
') =-1+x)722x); f'(H)=-5
= (9~ (=5)(1)+.5=.55

f(7) = $500 billion

f'(7) =$50 billion/year

f(t) = 1000 at t = 14, or 1994.
f'(t)=100 att= 14, or 1994.
Find s(3.5) = 60 feet.

Find s'(2) =20 feet/second.
Find s"(1) =10 feet/second?.
Find s(t) = 120; t = 5.5 seconds.

Find s'(t) = 20; t =7 seconds.
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f.  Find maximum s'(t); att = 4.5 seconds,
s'(t) = 30 feet/second.
S(4.5) =90 feet

f(t)= 36+ .77t —.5)>°
a. Graph:

Y, = 36+ .77(X -.5) "
Y, =nDeriv(Yi, X, X)

—
s

[.5,6] by [23, 3]

b. Evaluate att=4.
f(4) =~ .85 seconds

134

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

d. Evaluate f'(t) att=4.
f'(4) = —.05 seconds/day

e. Graphing the line y=-.08 and f'(t), and
using the Intersect command, the point (2.994,
—.08) is on both graphs. After 3 days the
judgment time was changing at the rate of —
.08 seconds per day.

s(t) = 102t — 16t>
s'(t) =102 - 32t

a.

K

[0, 7] by [2100, 200]

b. Evaluate s(t) att= 2.
s(2) =140

€. Graphing the line y = 110 and using the
Intersect command, the point (5, 110) is on
both graphs. During the descent, at 5 seconds
the ball has a height of 110 feet.
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d. s'(6)=-90 3. Let (X1, 1) =(2, 0).
y—0=5(x-2)
e. Wheniss'(t)=70? y=5x—10
Graphing the lines y = 70 and s'(t) and using y
the Intersect command, the point
(1, 70) is on both graphs. The velocity is

y=5x-10
70 feet/second at 1 second.

f. When is s(t) = 0? (2.0
Using the root command, at 6.375
$'(6.375) =—-102 feet/second.

Chapter 1 Supplementary Exercises 4. Let (xg, Vi) =1, 4)

L Let (x;, 1) = (0, 3). y-4=-3x-1)
y-3=-2(x-0) 13— x
y=3-2x y=

y 3
y

-_1 13
0,3 yex+3 \y——§X+?

2. Let (Xls yl) = (09 - 1)

3 3 5. y=-2x, slope =-2
Y- D=3 (=0 y="7x-1 Let (x1, %1) =G, 5).
y y-5=-2(x-3)
y=11-2x
y=%x—l y
/ (3,5)
X

y=-2x+11

e

6. 2x+3y=6
2+2x 1 2
= = X, slope =—
y 3 SOPe =
Let (X1, Y1) =(0, ).

y-1=3(x-0)

—gx+1
y=3

76
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7.

9. Slope of y =3x + 4 is 3, thus a perpendicular line

y

@4

X

ope—1=4 3
SOPEEI ) T4
Let (x;, 1) =G, 7).
3
—7==(x-3
y=7=75(x=3)
ERRC
=4 4
y
A
(_114)
et
7 X
lope = —— =
slope 55 0
Let (x;, y1) =2, D).
y—1=0(x-2)
y=1
y
y=1

1
has slope of — g The perpendicular line through

(1,2)is
2o (Do

== X+=
y 3

Chapter 1: The Derivative

~1_(12
( )y

_ 1
N(+

xX Wi

3 3
10. Slope of 3x +4y =41is _Z since y:—zx+1,

4
thus a perpendicular line has slope of g The
perpendicular line through (6, 7) is
4 4
-T7==(x-6 =—x-1
y=7==(x=6) or y=3

/

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

y=3

12. The equation of the y-axis is X = 0, so 4 units to the
right is X = 4.
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13. d 25 y="x"+1=(x+1)"

-1/2

‘=0 y =503+ 2x)

=X(X*+1)7"" =

X
X2 +1

5 _
:7X2+1:5(7X2+1) !

2 2 70X
x - X ) (14%) (72 +1)?

26.
14. y

o <
<<

o

_ -l/4,

X 27. f(x)= x4

b
-

. 1
X5/4:

f'(x) =~ x5/

NG e

15, y=x"+x>;y =7x5 +3x* 28. f(x)=(2x+1)>

. ; f1(x) =32x +1)%(2) = 6(2x +1)°
16. y=5x";y' = 40x
29. f(x)=5; f'(x)=0

3
17. y=6x=6x"% y'=3x"2 ==
Jx fy X 2 3, 2
30. f(x) > "o 2x 5x
18. y=x"+3x>+1;y' =7x" +15x* f'(x):é+%x_2
3., 5 3
19. y:;:}x ;Y = -3x =_? 31 f(X):[XS—(X—l)S]lo
frx)=10[x> — (x =1’ P [5x* = 5(x— 1)*]
4 4 -1
20. y=x*-==x*-4x
y X ) 32. f(t)=t""-10t" f(t)=10t" —90t®
y’=4x3 +4x72 =4x° +—
X
33. g(t):3\ﬁ—%:3t”2—3t'”z
21. y=03x*-18 3 _mt 3 ah
y' =803x% —1) (6x) = 48x(3x* —1) g(H=7t "+t
3 43, 4 34 h(t) = 34/2: h'(t) =
22. y=7x"+3x 34, h(t)=3v2; h'(t)=0
, 1/3 -1/4
y =X + X -
3. fO="13 =2(t-3t%)"!
1 » )
23, y=——=(5x-1 _ —2(1- %
y=sx_1- XD Fit) = 2t - 3% 21— oy = 2=
Yo -1y = R
o (5x-1y? _20t-1
(t-3t%)2
24, y=(x>+x>+1)
, 3 2 4 2 _ TN _ -3
Y =5(x" + X7+ 1)7(3x" +2x) 36. g(P)=4P";g'(P)=2.8P
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38.

39.

40.

41.

42.

43.

44,
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3 9 -
h(x) :5X3/2 —6x2 () zle/z _ax 103

f(x)=\/W=(x+x”2)”2
! _l 1/2 —1/2( _1 _1/2)
FO0 =20+ x77) 1+ X

1

=2m(l*zkj

2

f(t)=23t> -2t
f(t) = 9t% — 4t
f/(2)=36-8=28

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

o) ion
3

guy=3u-1
go)=15-1=14
g'(u)=3
9'(5)=3

1
h(x) = —E

1
h(2)= -3

h'(x)=0
h'(-2)=0
f(x):x5/2
f'(x) :§x3/2

15
f”(x):jxl/2

" _1—5
f(4) ==

1 4
9(t)=7(t-7)

g'(h=Ct-7’2)=22t-7’°
g"(t) = 6t - 7)%(2)= 122t - 7)*
9"(3) =12[23)-7)* = 12
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y=0Gx—1)° —43x - 1)

slope = y' = 3(3x - 1)2(3) - 8(3x - 1)(3)
=9(3x - )2 —24(3x - 1)

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

y=@4-x

slope = y' = 5@ —x)*(=1) ==5(4 - x)*
When x =5, slope =-5.

d 4 2 3
— (X —2X7)=4Xx" —4X
dx( )

d s/ .32 /2, 532 .12 1.1
—_ 2 _ = -
G 74207 ) =20 3l oy
i(\/1—3|3):i(1-3p)”2
dP dP
1 _1/2 3 ~1/2
== (1-3P)y 2(=3)=-=(1-3P
2( ) (D) 2( )
d _
()=

d 35 2 a2
@ -atz-3) =Gz —82+1)|Z=_2

7=-2

=12+16+1=29

%(4x ~100°|  =[5(@4x- 10)“(4)1)(=3

= [20(4% ~10" jH =320

X=3

L sxr 1)t = L asx+17 6
5 x4 Dt = L AEX 1) )
= 60(5% + 1)%(5) = 300(5x + 1)*

dZ d2 1/2 d -1/2 1 -3/2
— (2t )=—2t"P ==t =t
dtz( \[) dt? dt 2

d—z(t3+2t2 t —£(3t2 +4t 1*
dt? . ot t=—1

= (6t+ 4, =2

i(3P+2 _ 4 =0lp_y =0
dP? 5 4_ dPlpy P
d%y an Ay i ~1/2
d—2(4x )=&(6X ) =3X

X
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d(1 d(1 _ 1 _ 1 —x2
o S(L)L(11) Leg L
dt \ 3t dt\3 3 3t s]ope:y’:2x
E(_lt—z)zét—a o = When x = -2, slope = 2(-2) = —4.
dt\ 3 3 3t Let (X1, Y1) = (-2, 4).
y—4=—4(x+2)
3 2
59. f(x)=x"—-4x"+6 y=—4x—4
1 — f/(x)=3x> —8x y
slope (x) 2.4

When X =2, slope = 3(2)2 - 8(2) =—-4.
Whenx=2, y=2° —4@2)* + 6 = 2.
Let (Xl’ yl):(za_z)' X

—(-2)=—4(x-2

1 1
60. y=——""—=(3x-15)
3x=5 63. y=3x" -5+ x+3

_ 3
y'=-(3x-15) 2(3):__(3x—5)2 slope = y' = 9x> —10x +1
3 3 When x = 1, slope = 9(1)% - 10(1)+ 1 = 0.
When x =1, slope = -2 777 = . Whenx=1, y=3(1)> -5(1)° +1+3 =2.
1 1 Let (Xla yl) = (15 2)
Whenx=1,y:3(l)_5:—5. y—2=0(x—1)
1 y=2
Let (x|, Y1)=(1,—‘)- ) 3
2 64. y=(2x"—3x)
y- (_%) _ _i x=1) slope = y' = 3(2x% - 3%)%(4x —3)
1 3 When x =2,
y :Z _Z X slope = 3(2(2)2 —3(2))2(4(2)— 3) = 60.
When x=2, y = (2(2)> -3())° =8.
61. y=x> Let (X1, y1)=(2, 8).
slope = y' =2x y—8=060(x-2)
3 3 y= 60x — 112
When x ==, slope = 2(—) =3.
2 3 9 2 65. The line has slope —1 and contains the point
Let 0. )= (2. 2). (5.0).
Oy ={3-3 y-0=-1(x-5)
S_ 3( 3) y=-X+5
=7 =4%73 f2)=—2+5=3
9 f1(2)=—1
y =3x _Z
y 66. The tangent line contains the points (0, 2) and
3
a’ -2
y=3x—2 (a, a3) and has slope = 3aZ. Thus, =3a’
2
(3:7) a’-2=3a’
l —2 =28’
y:x2 : =-1
§' X
2
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67. s(t) =-32t+32

The binoculars will hit the ground when s(t) = 0,

ie.,

s(t) = —16t> + 32t +128 =0
~16(t* - 2t-8)=0
—16(t—4)(t+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
68. 40t+t% - 1—5 t3 tons is the total output of a coal

mine after t hours. The rate of output is

1
40 +2t —g t? tons per hour. At t =5, the rate of

1
output is 40 +2(5)— g(S)2 =45 tons/hour.

69. 11 feet

4)—s(1 -1
70. @) —s) = 6 :é ft/sec
4-1 4-1 3

5 5
71. Slope of the tangent line is g SO 5 ft/sec.

72. t=06, since S(t) is steeper at t = 6 than at t = 5.
73. 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. f(235)=4600
f'(235)=-100
f(a+h)y=f'(@)-h+ f(a)

a. 237=235+2
£(235+2) ~ £/(235)-2+ f(235)
=100 - 2 + 4600 ~ 4400 riders

b. 234=235+(-1)
£(235+(=1)) ~ £/(235) -(—1) + £(235)
~-100 - (~1) + 4600 = 4700 riders

75.

76.

77.

78.
79.

80.

81.

81
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c. 240=235+5
f(235+5) ~ £'(235)-5+ £(235)
~—100 - 5+ 4600 = 4100 riders

d. 232=235+(3)
£(235+(-3)) ~ £/(235)- (=3)+ f(235)
~ 100 - (-3) + 4600 = 4900 riders

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

1 1 1
f(7+5j — (N~ 1'(7)7 =(2506)7

=12.53
$12.53 is the additional money earned if the bank

1
paid 75 % interest.

. 4 . (X+2)(x=2)
lim = lim

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—5 X =7x+2 25-35+2
f(5+h)— f(5)

f(5)= lim
h—0 h

1
If f(x) :3, then

1
2(5+h) 2(5)

f(5+h) - f(5)=

15 1(5+hj
“2(5+h) 5 2(5) \5+h
_5-(+h) _ -h
~10(5+h)  10(5+h)
Thus,

1
£1(5)= lim [f(5+h)— £ (5)].—

h—0 h
= i __h l_l' __1 __i
T 50105+ h) h  h5010(5+h) 50
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82.

83.

84.

f3+h)—f(3)

h
If f(x)= x> - 2x+ 1, then
f(3+h)— f(3)
=(3+h)? =23 +h) +1-(9-6+1)
=h* + 4h.
Thus,

f/(3) = lim
h—0

[G+m-f®) _ . h? + 4h

£(3) = lim
h—0 h—0 h

= lim (h+ 4) = 4.
h—0

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

2-2-h

TR 20—l
h h ~22+h)
Ash—0 -1 - 1
s 2240 4
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