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3, LetG(x) = f{ (12 — 2)dt. Calculate G(1), G'(1) and G'(2). Then
find a formula for G(x).

X
4. Find F(Q), F'(0), and F'(3), where F(x} = f Vi2 frdt.
1]

X
5. Find G(1), G'(0), and G'(w/4), where G{x) = [ tan ! dt.
1

du

X
6. Find F(—2) and H'(-2), where H (x) = f RS
—auc+1

In Exercises 7-16, find formulas for the functions represented by the

integrals.
X
4 x
7 f2 ut du 8. f (122 — 8t) dt
2
x X
, 9, [ sinu du 10, [ sect 6 d6
0 —nf4

d X
5
21. 'd_ifo (> — 9%y dr _22 '“‘f cotudy

d 1
24, — ta d
s (1 + uz) “

X
28, Let A(x) = j; Sf()dt for f(x) in Figure 8.

(a) Calculate A(2), A(3), A’(2), and A'(3).

f:)) Find formulas for A(x) on [0, 2] and [2, 4] and sketch the graph of
{x).

d 1t
23, — -
3 o [lmscc(Sx 9 dx

¥

y=f(x)
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FIGURE 8

X
26. Make a rough sketch of the graph of A(x) = [ g(1) dt for g(x)
0
in Figure 9.

¥y =g(x}

FIGURE 9

Problems doc ONIT |
Ewn da mentol

T ey
X l
27. Verify: j |t|dt = ix|x|. Hint: Consider x > 0 and x < 0 sepa-
1]
rately.
22
28. Find G'(1), where G(x} = f Vi 4 3de
_ 0

In Exercises 29-34, calculate the derivative.

2 elfx
30. —d—f cos’ t dt
dx Ji

X .
29, i‘f tdt
“dx 0 41 i 1

d COs§
I — [ u* du

d = i
32, — tdr
ds J_ dx fxz

Hint for Exercisé 32: F(x) = AG*) — A(x?).
d x? d 3u

13, —[ tan ¢ dt 3. —f Ve + ldx
dx /. /x du J_y

In Exercises 35-38, with f(x) as in Figure 10 let

Ax) = fx Fyde and B(x)= [x fleyde.
0 2

35. Find the min and max of A(x) on [0, 6).
36. Find the min and max of B{x) on [0, 6].
7. Find formulas for A(x) and B{x) valid on [2, 4].

38, Find formulas for A(x) and B(x) valid on [4, 5].

¥ =£(x)

FIGURE 10

g,39 LetA(x)—f f(r)dt w1thf(x)as1nF1gure11

?{n) Does A(x) have a local maximum at P?
?(b) Where does A(x) have a local minimum?

: (c) Where does A(x) have a local maximum?

{d) True or false? A(x) < O for all x in the interval shown.

FIGURE 11 Graph of f(x).



X
* 40 . Determine J(x), assuming that f fOyde =2 +x.
. : 1]

’-H » Determine the function £(x) and all values of ¢ such that

X
f et dt=x24x—6
c

: ,
T Find a < b such that f (x? ~ 9)dx has minimal value.
. a

-

é{'!}-_ﬁ'xercises 4344, let A(x) = f F(e)de.
IS a

%E Area Functions and Concavity Explain why the fol-
. REVINg statements are true, Assume fix) is differentiable,
W) Ifcis an inflection point of A(x), then f/(c).= 0,

-A(x) is concave up if f(x) is increasing.

‘A(x) is concave down if £(x) is decreasing,

| % Match the property of A{x) with the corresponding property of the
hof £(x). Assume JF(x) is differentiable.

A function A (x)

4), Alx) is decreasing. .

. ) A(x) has a local maximum,

| O/ A(x) is concave up.

| OM_;_A(-I') goes from concave up to concave down.

J¥ Bhoof £x)

‘ \‘..“)?Li‘"s below the x-axis.

“‘(:)\ Crosses the x-axis from positive to negative.

44 Has a local maximum.
i l}q) Flx)is increasing.
|

X
45, Let A(x) = f F@)dt, with f(x) asin Figure 12. Determine:;
0

(a} The intervals on which A(x) is increasing and decreasing
{(b) The values x where A(x) has a local min or max

(c) The inﬂectiorll points of A(x)

(d) The intervals where A(x) is concave up or concave down

FIGURE 12

46. Let f(x) = x? — 5x — 6 and F(x) = fx f)dt.
1]

(a) Find the critical points of F(x) and determine whether they a

local minima or local maxima.

(b) Find the points of inflection of F (x) and determine whether tt

concavity changes from up to down or from down to up.

{c) Plot f(x) and F(x) on the same set of axes and confir

your answers to (a) and (b).

47, Sketch the graph of an increasing function f(x) such that bo

f'(x)and A(x) = [ f(1)dr are decreasing.

48, (58 Figure 13 shows the graph of f(x) = x sin x. Let F(x)

X
f tsintdt.
0

{a) Locate the local max and absolute max of F(x)on [0, 3x].
(b} Justify graphically: F(x) has precisely one zero in {7, 2x).
(c) How many zeros does F(x)} have in [0,3x]?

(d) Find the inflection points of F(x) on [0, 3rr]. For each one, sta
whether the concavity changes from up to down or from down to ug

y
' 8
4
0 t } t —x.
T oA\ 3r [ir 5m
—_4 2 2 2

FIGURE 13 Graph of f(x) = x sin x.

- 49, Find the smallest positive critiéal point of

Flx) = fx cos(rm) dt
0

and determine whether it is a local min or max. Then find the sma
est positive inflection point of F(x) and use a graph of y = cos(x¥/

“to determine whether the concavity changes from up to down or frc
down to up.

l\”l"fE%ro\“CLQ'r\ ?rc«( —HQQ,,

16. f sin(4¢ — 7y dé

17. fsinzﬂcosed&.

18. fséczxtanxdx
2

19, f xe * dx.

20. f (sec? r,)em, dt.

23, / x3 cpf(x") dx 24, f x2 cos(x3 + 1) dx

25, f x_l/zcos(x:’/z)dx 26. f €osx cos(sinx) dx
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Preliminary Questions

1. Ahot metal object is submerged in cold water. The rate at which the
object cools (in degrees per minute) is a function f(¢) of time. Which
guantity is represented by the integral fo Fode

2. A plane travels 560 km from Los Angeles to San Francisco in
t hour. If the plane’s velocity at time ¢ is v(¢) km/h, what is the value
of fc} u(t)de?

3. Which of the following quantities would be naturally represeeS
as derivatives and which as integrals?

(a) Velocity of a train

(b) Rainfall during a 6-month period

(c) Mileage per gallon of an automobile

(d) Increase in the U.S. population from 1990 to 2010

Exercises

1. Water flows into an empty reservoir at a rate of 3000+ 20«
liters per hour. What is the quantity of water in the reservoir after
5 hours? .

2. A population of insects increases at a rate of 200 + 10¢ + 0.2512
insects per day. Find the insect population after 3 days, assuming that
there are 35 insects at ¢ = 0.

3. A survey shows that a mayoral candjdate is gaining votes at arate
of 2000r + 1000 votes per day, where ¢ is the number of days since
she announced her candidacy. How many supporters will the candidate
have after 60 days, assuming that she had no supporters at t = 07

4. A factory produces bicycles at a rate of 954 3¢2 — ¢ bicycles per
week. How many bicycles were produced from the beginning of week 2
to the end of week 37

5. Find the displacement of a particle moving in a straight line with
velocity v{t) = 4t — 3 m/s over the time interval [2, 5].

6. Find the displacement over the time interval [1 6lofa hehcopter
whose (vertical) velocity at time ¢ is v(t) = 0. 022 + t mfs.

7. A cat falls from a tree (with zero initial velocity) at time 1 = 0.
How far does the cat fall between ¢ = 0.5 and ¢ = 1 5?7 Use Galileo’s
formula v(f) = —9.8t m/s.

8. A projectile' is released with an initial (vertical) velecity of 100 m/s.
Use the formula v{¢) = 100 — 9.8¢ for velocity to determine the dis-
tance traveled during the first 15 seconds.

In Exercises 9-12, a particle moves in a straight line with the given
velacity (in m/s). Find the displacement and distance traveled over the
time interval, and draw a motion diagram like Figure 3 (with distance
and time labels).

9. v(t) =124, [0,5]
10. v(t) =36 — 24t + 32, [0,10]

1. v =t"2-1, [052 12, v(t) = cost, [0, 3xn]

13. Find the net change in velocity over [1,4] of an Objcg
alt) =8t — 12 m/s?.

14. Show that if acceleration is constant, then the change in
is proportional to the Jength of the time interval.

15. The traffic flow rate past a certain point on a highway is:
3000 + 2000¢ — 300¢2 (¢ in hours), where ¢ = 0 is 8 aM. Ho
cars pass by in the time interval from 8 to 10 am?

16. The marginal cost of producmg x tablet computers is Ci{2
120 - 0.06x + 0.00001x2 What is the cost of producing 3000

the setup cost is $90,0007 If production is set at 3000 units, what!
cost of producing 200 additional units? '
17. A small boutique produces wool sweaters at a ma:gmal q
40 — 5{[x/5]] for 0 < x < 20, where {[x]] is the greatestinte

tion. Find the cost of producing 20 sweaters. Then compute the 2
cost of the first 10 sweaters and the last 10 sweaters.

18. The rate (in liters per minute) at which water drains from a
recorded at half-minute intervals. Compute the average of the Ig]
right-endpoint approximations to estimate the total amount :
drained during the first 3 minntes. l

T@im 0 05 1 15 2 25 '3 | i
r (Umin) 50 48 46 44 42 40 38

19, The velocity of a caris recorded at half-second intervals (infe
second), Use the average of the left- and right-endpoint approxi
to estimate the total distance traveled during the first 4 seconds.

=3

t 0]o5| 1 [15]2]25]3}35]|4

@) 10| 12 20| 20 | 38| 44 | 32|35 | %




3 megawatt of power is 108 W, or 3.6 x 10? I/hour. Which quan-
represented by the area under the graph in Figure 5? Estirnate lhe
y (in joules) consumed during the period 4 PM to 8 PM.

©  Megawatts (in thousands)

00 02 04 06 08 10 12 14 16 18 20 22 24
Hour of the day '

5 Power consumption over 1-day peried in California
ary 2010).

'! Figure 6 shows the migration rate-M(z) of Ireland in the
1 1988—1998. This is the rate at which people (in thousands per
Tmove into or out of the country.

present?

1998 !
f M) dt
1988

migration in the period 1988-1998 result in a net influx’of
B into Jreland or a net outflow of people from Ireland?

iring which two years could the Irish prime minister announce,
€ hit an inflection pomt We are still losing population, but the
how improving.”

M)
304
20 -

101
1994
o

1o} 1988 1990/ o0 1956 1398 200%
~207
~301
40+
—50 1

FIGURE & Irish migration rate (in thousands per year).

the following integral positive or negative? What does this quan--

25, Figure 7 shows the rate R(#) of natural gas consumption (in billions
of cubic feet per day) in the mid-Atlantic states (New York, New Jersey,
Pennsylvania). Express the total quantlty of natura] gas consumed in
2009 as an integral (with respect to time 7 in days). Then estimate this
quantity, given the following monthly values of R(7):

318, 286, 239, 149, 1.08, 0.80,
101, 089, 089, 120, 1.64 252

Keep in mind that the number of days in a month varies with the month.

Natural gas consumption (10° cubic ft/day)
3 4 ~

. JFMAMJJASOND
FIGURE 7 Natural gas consumption in 2009 in the mid- Atlaptic states
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