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from a wire of length L, what should
[0 obtain a box of greaiest volume?

e

& Pignre Ex-33
t‘;.upp()se ihat the sum of the surface areas of a sphere and a

. cube 16 @ constant.
) Show that the sum of {heir volumes is smaliest when
the diameter of the sphere is equal to the length of an

edge of the cube.
by When will the sum of their volumes be greatest?

)

35, Find the peight and radius of fhe cone of slant height L
whose volume is as large as possible,

36, A coneis made from 2 circular sheet of radius R by cutiing
out 2 sector and gluirg the eut edges of the remaining piece
jogether (Figure Ex-36). What 1s the maximum voiume
attainable for the cone?

& Figure Ex-36

77, A cone-shaped paper drinlung cup is 0 hold 100 em® of wa-
ser. Find the height and radius of the cup that will require
the least amount of paper.

18, Find the dimensions of the isosceles triangle of least area
that can be circumscribed about a circie of radins k.

39. Find the height and radius of the right cifcular cone with
least volume that can be circumseribed about a sphere of
radius R.

43, A commercial cattle ranch currently allows 20 steers per
acre of grazing land; on the average its steers weigh 2000 1b
at market, Estimates by the Agriculture Departient indi-
cate that the average market weight per steer will be redueed
by 50 Ib for each additional sicer added per acre of grazing
land. How many steers per acre should he allowed in order
for the ranch to get the largest possible tota! market welght
for its cattle?

41. A company mines low-grade nickel ore. If the company
mines x tons of ore, it can sell the ore for p = 225 — 0.25x

dollars per ton. Find the revenue and marginal revenue

functions. At what level of production would the company
obtain the maximurm revenue?

47, A fertilizer producer finds that it can sell its product at a
price of p = 300 — 0.1x dollars per unit when it produces
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x units of fertilizer. The total production cost (in dollars)
for x units is
C(x) = 15,000 + 125x + 0.025x7
If the production capacity of the firm is at most 1000 units
of fertilizer in a specified time, how many units must be
mapufactared and sold in that time © maximize the profii?
{z) A chemical manufacturer selts sulfuric acid in bulk at a
price of $100 per unit, if the daily total production cOst
in dollars for x units is
C(x) = 100,000 4 50x -+ 0.0025x%
and if the daily production capacity is at most 7000
umits, how many units of suifuric acid must be manu-
factured and sold daily to maximmize the profit?

{b) Would it benefit the manufacturer o expand the daily
production capacity?

(c) Use marginal analysis to approximate the effect on
profit if daily production could be increased from 7000
to 7001 units.

/A firm deiermines that x units of its product can be sold
daily at p dollars per unit, where
x =1000—p
The cost of producing x units per day is
C{x) = 3000 + 20x

{a) Find the ievenue function R{x).

(b) Find the profit function P{x).

(c) Assuming that the producion capacity i3 at most 500
units per day, deternine how meny units the company
must produce and sell each day to maximize the prodt.

(d) Find the maximuwm proft.
{e) What price per unit must be charged (o obtain the max-

43

imumm profit?

45, Tn a certain chemical manufacturing process, the daily
weight y of defective chemical output depends on the total
weight x of all cutput according to the empirical formula .

y = 0.0lx + 0.00003x%
where x and y are in pounds. If the profit is $100 per pound
of nondefective chemical produced and the loss is $20 per
pound of defective chemical produced, how many pounds
of chemical should be produced daily to maximize the total
aily profit?

. An independent truck driver charges a ciient $15 for acl

Wour of driving, plus the cost of foel. At highway speeds of

v miles per hour, the trucker’s rig gets 10 — C.07v miics pet

galion of diesel fuel. If diese] fuel costs $2.50 per galion,

what speed v will spinimize the cost to the client?

47. A trapezoid is inscribed in a semicircle of radius 2 so that
one side is along the diameter (Figure Ex-47 on the pext
page). Find the maximum possible area for the rapezoid.
[Hint: Bxpress the area of the trapezoid in terms of 8.

48, A drainage channel is to be made so that iis cross seclion is
2 rapezoid with equalty sloping sides (Figure Ex-48 on the
next page). If the sides and botlom all have a length of 51,




o distance of 90 cm. Vhere o the line segment between
0 sources is the total intensity a rmmmum‘?

iep points A(2,1) and B(5,4), find the point P in the
ﬁr\fﬂl 12, 5] on the x-axis that maximizes angle APB

. Jower edge of a painting, 10 ft iv beight, is 2 ft above
1 observer’s eye level. Assoming that the best view is ob-
ped when the angle subtended at the observer’s eye by
thf P ainting is maximum, hDW far from the walf should the

4 'Fermat’s principle (biography on p. 225) in optics states
that light traveling from one point to another foliows that |
path for which the total trave] time is mintmurm. Inauoni-
form medinm, the paths of “minimum time” and “short-
est distence” turn out fo be the same, so that light, if
unobstructed, travels along a straight line. Assume that |
we have a light source, a flat mirror, and an observer -
in & uniform medium. If a light ray leaves the source,
hounces off the mirror, and travels on to the observer, :
then its path will consift of two line segments, as shown |
in Figure Ex-64. According to Fermat’s principle, the
pat]:l will be such that the total trave] titne ¢ is minimum

1, since the medium is uniform, the path will be such
that the total distance traveled from A to P 1o B is as
small as possible. Assuming the minimurmm occurs when
dr/dx = 0, show that the light ray will strike the mirror
at the point P where the “angle of incidence” ¢ equals
the “anglz of reflection” &,.

. Source A J—
[ B(Observer) i% ‘ ‘
T i" L e
| e~ | \
: ! Mirror |
‘-&——-,\‘—»| B
¢ * < Figure Ex-64"

65. Fermat's prif]ciple (Exercise 64) also explains why Light
rays traveling between air and water undergo bending |
(refraction). Imagine that we have two uniform media
(such as air and water) and a light ray traveling from a
source A in one medinm to an observer B in the other
medium (Figure Ex-65). Ttis known that light travels ata |

‘ constant speed in a uniform medium, but more slowly in

: a dense medium (such as water) than in a thin medium

{such as air). Consequently, the path of shortest time |

from A to B is not necessarily a straight line, but zather

some broken line path 4 to P to B allowing the Light to
take greatest advantage of its higher speed through the
thin medinm. Swrell’s law of refraction (biography on

p. 238) states that the path of the light ray will be such

that sin &, sinds

Ut 2]

:
:
)
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where v; is the speed of Halt in the first medium, v 1s
| the speed of light in the second medinm, and 6; and &,
are the angles shown in Figure Ex-65. Show that this .
follows from the assumption that the path of minimum
time occurs when di /dx = 0.

66. A farroer wants to walk at a constant rate from her barn -
| to a straight river, fill her pail, and carry it to her house -
in the least time,
{a) Explain how this problem relates to Ferraat’s prin-
ciple and the lghi-reflection problem in Exercise
64,
(b) Use the result of Exercise 64 to describe geometri- -
cally the best path for the farmer to take.
{¢) Use part (b) to determine whese the farmer should -
fill her pail if her house and barn are located as in
Figure Ex-66. | :

Tﬁ% (Source} Wiedium 1
a
J O
b “ip 1 mi——}
| £mmets Cof Barn |
< —l :
M : 1
|5'2 Lo 1 P
| b ~ | House 7 4
I ‘ f pe mi
Medium 2 (Observen) ;3 L TR

# Figure Ex-65 4 Figure Ex-66

97. If an unknown physical quontity x is measured n times, |
the measurements x,, x7, . . ., x, often vary vecause of :
uncontrollable factors such as temperature, atmospheric |
pressure, and so forth. Thus, a scientist is often faced
with the problem of using » different observed measure-
ments to obtain an estimate £ of an unknown guantity x. -
One method for making such an estimate is based on the |
least squares principle, whick states that the estimate X |
should be chosen to minimize

s= =D+ -0+ -0
which is the sum of the squares of the deviations between
the estimate ¥ and the measured values. Show that the
estimate resulting from the least squares principle is :

| }:%(351+x2+"-+x”)

. that is, ¥ is the arithmetic average of the observed values.
© 68, Prove: If J(x) = Oonaninterval and if f(x) has a max-
imum value on that interval at xg, then \/R\_) alse has
a maxirmu value at xg. Similarly for minimum values,

[Hint: Use the fact that \/x is an increasing function on
the interval [Q, +w).]

69, Wiriting Discuss the importance of finding intervals of pos-
sible values imposed by physical restrictions on variables in
an applied maximum or minimum problem.




/3 < 1.8 oprove that
17 <~3<175
SN 3,zpdb = 4in the Mean-Value

-\ fean- Value Theorem to prove that

- - <sinx <X x>0

pat if f and & &€ functions for which .
£ = gl anc gn) = fixy
for all . wen f x) — gz(x) is a constant,
1. ia) Show that if f and g are funciions for which
- F =gt and g00= 1)
jor )l x, then f 2(x) + g*Hx) is a constant.
by Givean example of functions f and g with this property.

et fand g be continuous on [a, b} and differentiable
on {a, b). Prove: If f{a) = gla) and f(b) = g(b), then

_ (here is & point € in {a, ) such that fie)= (e ;
© 35 llustrate the result infExercise 36 by (Iirawing an appro-
. priate picture.
'1 26 () Prove (hat if f(x) = G for all x in (a, b)), then
flix)= 0 at most once 1 (4, b). o

{(b) Givea geometric interpretation of the result in (a).

17, (a) Prove part (&} of Theorem 3.1.2.
{b) Prove part {¢) of Thecrem 3.1.2.

3%. Use the Mean-Vajue Theorem to prove the following result:
Let f be continuous at Xg and suppose that My — x fx)
exists. Then f 18 differentiable at xo, and

Flay = bm )
X X

MQUECK CHECK ANSWERS 3.8
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[Hing: The derivative ['(xg) is given by

o fo e )
[xg) = lim T

provided this Yirnit exists.)

.39, Let

32, x <1 :
‘f(l)_\ax-'rb, x>l "
Find the values of ¢ and b 50 that { willbe differentiable |
atx = 1.

‘ 40, {a) Let Ixz

. fe = {xz,—'r 1,
‘! Show that
im f(x) = Tlir%+ flix) i

x>0
but that f'(0) does not exist, ,

L () Let L
; L et x =0
! f(l)_\f, x>0

‘ Show that /{0 cxists but f7(0) does not.

41, Use the Mean-Value Theorem 1o prove the following result:
The graph of a funetion f has a point of veriical tangency
at (xg, fixo)) if S is continuous at xo and f7{x) approaches
withor oo or —0 a5 X —» X and asx = Xg

47, \Wviting Suppose that plx)isa nonconstant polynomial
with zeros at x = @ and x = b. Explain how both the
Extresne-value Theorem {3.4.2) and Rolie’s Theorem can
be used to show that p has a critical point between d and b,

43, Writing Find and describe a physical situaticn that illus-

trates the Mean-Valee Theoremn.

1 @) 0,11 () ¢ =3

CHAPTER % REVIEW EXERCISES F Graphing Uiy

2 3,30 fe202 M@b=20®c=1

4 (a) 1.5 (b) 08 & G =x+4

CAS

1. (a) Hx, < xp, what relationship miist hold between f(x1)

and f{x;) if f 18 ipcreasing on an interval containing

¥7 and xa7? Decreasing? Constant?

(b) What condition on #' ensures that f is increasing on an

interval [a, b17 Decreasing? Constant?

2. (&) What condition on f ensures that f is concave up an

an open interval? Concave down?

(b) What coadition on f" ensures that f is concave up on

an open interval? Concave down?
(¢) In words, what is an inflgction point of [ i

7.8 Find: (a) the iptervals on which f 18 increasing, (b) the
intervals on which 15 decreasing, () the opeD intervais on
which f is concave up, (d) the open intervals on which f s
concave down, and (e) the x -coordinates of ail infl ection points.

4 fix)=x" - gx? 416

6. Fl)=x+2

%}C(l) — x4f3 __Xlr"i

3. f(x):x3—5x+6
o

5. f= 512
7. fGx) = x4
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A

~}9-12 Analyze the rigonomn

360 Chapter3 / The pasivative in Graphing and Applications
etric function f over the specified

where f 18 increasing, decreasing, concave up,
the x-coordinates of all inflection /?/:

ts are consistent with the graph

interval, stating
and concave down, and stating
points, Conflrm that your resu
of f generated with a graphing utility. =

9, flx)=cosx; (0, 2]
16, flx) = tanx; (—nf2, 7/ 2)
11 flx) = sinxcosx; 10, 7] 1

12, flx) = cos? & — 2sinx; [0, 27

13, In each part, cketch & contipuous Curve ¥ = £lx) with the

stated properties.

@ fy=4 @)
f(x) > 0forx > 2

® @ =4 x>

=1, f'x) < 0 for x <2,

Oforx < 2, ) < Oforx = 2,

ﬁl"ijlﬁ fi(x) =+, IIH%+ f’(_{') = o
@ i) =4, frin) < Oforx £2, I flO=h
. x—raT

lim /() =1

X2t
4 id. In parts (a)-{d), e graph of a
most & is given. Find equation
duce graphs with these s
a graphing utility.

polynomial with degree at
s for polynomials rhat pro-
hapes, and check your answers with

(d)

nomizl

15, For a general guadratic poly
flxy= ax® 4 bx +'c {a == 0)
find conditions ot a, b, and ¢ to ensure that f 18 always
acreasing or always decreasing on (0, +®}.
g, For the general cubic polynomial
FU) gl kb koxt+d @FOD

find conditions o 4, b, ¢, and d to ensure that f is always

increasing or always decreasing on {—29, +%).
i7. (a) Whereon the graph of y = F(x) would you expect ¥ 10
e increasing of decreasing mest rapidly with respect
wx7?
(b} In words, what is a relative extremum?

{c} State 2 procedure“for determining where th

extrema of J CCCuL.

= relative

false. If it is
or which the siaternent fails.

. Determiine whether the siatement 1s rue oOF

false, give an example &
{a) If f hasa relative maximur at g,

largest value that {(x) can have.
(b) 1f the lazgest value for f onthel

then f hasa relative maximurn ai Xo.
(c) A function f has a relative extremurn at each of its ¢rii-

ical points.

According to the first derivative test, W

ensure that f has 2 relative maximum at Xo

minimum?

(b} Accordingtothe second d=
ensure that f has a reiative maxi

minimurm?

then flxo) is the

pterval {4, b) is at xg,

9. (a) hat conditions

7 A relative
Avative test, what conditions
i at xg? A relative

20-22 Locate'the critical points and identify which critical

poinis correspond to stationary points. 3

20, (2 flx) = P R .
() flx) = -6t -3
2
2@ o= ) f =
%42 x4l
22. (ay fx) = xR =4
23 [n cach part, find all critical p
tive test to classify them as relaiive maxima, e
ima, ot neither.
(@) flo)y=x"x - 7y
(by fx)=2sinx —COS 2x,
(@) F00) =3x— (D7
24. In each part, find all cntl
derivative test (where possib
maxima, relative rmnima, of neither.
@ fx)=x 0+ Lxl
M) fx)= 2248/
() flx)= sin® x — COS X,

() flx) = M3 g

oints, and use the first deriva-
lative min-

N<x<2w

cal points, and use the secou!
le) to classify them 28 relative

D=x<in

deptfy the limits i~

of the function f, and 1
‘lnﬂecn(‘n‘l

15-32 Givea graph
ocations of all telative exirema,

¢ —» oo, as well a8 I
points, and asymproes (as appropriate). @

25, fx) =x" - 300 4+ 341
6. f(x) xS At dx?

27. fixy= tan (¥ + 1) 28, flx) =x —cO8<
‘ x? 25 - 9x*
. = 2+ 20+ S 30. fa= 5

1.2
X7, x =<0

3. fay =12
e {exz, =0

3. flx) = (1008 P

33-38 Use any method to find the rejative extroma of 1° [ £

don f. & -
3, A =x + 5% -2 34, flx) =x* - 2 47
36, flx) = 2x -+ 2P

35, fx) = x*°
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At 41

. x
38 f) =17

én asing @ graphing utility, important features of a
. he missed if the viewing window is not chosen ap-

_Jy. This is Ajustrared in Exercises 39 and 40. &

serate the graph of f(x) = 1x* — jgx over the in-

L0Ger .
“erval [—5, 5], and make a comjecture about the loca-
‘ions and namre of all critical points.

*Find the exact focations of all the critical points, and
' ify them as relative maxima, relative minma, or

class
S mether .

| Confirm the Tesults in part (b}, by graphing f over an
appropriate interval.

Geperate the graph of

. .
Flxy = ngs - §x4 -+ %xﬂ + %xz — 6x

g0, fah

aver the interval [=5, 5], and make a conjecture about
the Tocations and nature of all critical points.

(b) Find the exact locations of all the critical points, and
classify them as Tefative maxima, relative minima, or

neither.

(c) Confirm the results in part (b} by graphing portions of
f over appropriate intervals. [Note: It will not be pos-
gible to find 2 siuélc winhdow in which all of the critical
poinls are discernible.]

FI A1, (a) Usea graphing ufility to generate the graphs of y = x

and y = (x3 — 8y/(x% + 1) together over the interval

[-5, 5], and moake & conjecture about the relafionship

hetween the two graphs.

)/(‘0) Confirm your conjecture in part {a).

7 Use implicit differentiation to show that a function defined
implicitly by sinx +cos y = 2y has a critical point when-
ever cosx = 0. Then use either the first or second deriva-
tive test to classify these critical points 48 relative maxima

or mMinima.
43, Let 2x3 4 x? — 150 47
O = T e rr— D
Graph y = f(x), and find the equations of all horizontal
and vertical asymptotes. Explain why there is no vertical
asymptote at x = % even though the denominator of f is
zero at that point.

[c] 44, Let

. ¥ xt—3x 42+ 4
flx) = 37 — 226 — 3x% +6x* Tax -8
{a) Usea CAS to facior the numeralar and denominator of
f, and use the results to determine the locations of all

vertical asymptotes.
(b) Confirm that your answer is consistent with the graph

of f.
45, (a) What ineguality must f(x) satisfy for the function f to
have an absolute maximum on an interval 7 at xg?
(b) What ineguality must f{x) satisfy for f to have an ab-
solute minimum on an interval I at xp?
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- (c) What is the difference between an absclute extremunnt
and a relafive extremam?

4. According to the Extreme-Vaiue Theorem, what conditions
on a fanction f and a given interval guaraniee that { will
have both an zbsolute maximum and an absolute minimuIn
on the interval?

47. In each part, deterrnine whether the statement is true or false,
and justify your answer.

{a) If f is differentiable op the open interval (a, b), and
if f bas an absolufe exfremum on that interval, then it
must oceur at & stationary point of f.

(b If f is continnous on the open interval {a,b),and if f
has an absolute extremum on that interval, then 1t must
occur ai a stationary point of f.

4%-5¢ In each part, find the absolute minimum m and the abso-
Jute maximum M of f on the given interval (if they exist), and
state where the absolute extrema occur. i

48, (2) flx)=1/x; [-2,=1]
) flx) =~ x4 [=1,3]
() f{x)=x—tanx; [—/4, /4]
49. (a) f(x)=x*—3x—1; (-, too)
(b) flx)=x"—3x—2 (=% )
(€) flx) = —lx* —2x}; [1,3]
56, (a) f(x)y= 2% —5x4 47, (—1.3)
®) fix)=3—x/2-x); 02
©) fx)=2x/(x*+3) (0, 2]
@ fo) = - ©,3]

[ 51. Tn each part, use a graphing utility to estimate the absolute
maximum and minimum values of f, if any, on the stated
interval, and then use calculus methods to find the exact
values.

(@) fO = (x* — 1) (=0, +)
) fx)=x/(x"+1); 10, +0)
{¢) flx)=2secx —tanx; [0, /4]
52, Prove that tan x > x for all x in (0, 7/2).
53. Let
x4z

xt 41

Flx) =

(z) Generate the graph of y = [ (x), and use the graph to
make rough estimates of the coordinates of the absolute
exirerma.

(t) Usea CAS to solve the equation Fl(x) = 0and then vse
it to make more accurate approximations of the coordi-
nates in part {a).

§4. A church window consists of a blue semicircular section
surmounting & clear rectapgular section as snown in the ac-
companying figure on the next page. The blue glass lets
through half as much light per umit area as the clear glass.
Fing the radius r of the window that admits the most light
if the perimeter of the entite window is to be P feet,




582 Chapter 3 / The Derivative in Graphing and Applications

55, Fimnd the dimensions of the rectengie of maximum area that
can be inscribed inside the ellipse (x/4Y? + (p/3)? = L{see
the accompanying figure).

A
3&&,,,_(;!4)1 + (=1

& Figure Ex-54 A Figare Tx-55

€] 86. Ao shown in the accompanying figure, SUDPOSS that a boat
enters the river at the poiat {1, () and maintains 2 heading
toward the origin. Asa result of the sirong current, the boat
foliows the path

xl()f} —1

2203
where x and y are in miles.
(ay Graph the path taken by the boat.
(&) Can the boat reach the origin? 1f not, discuss its fate
and &nd how close it comes 10 the origin.

y:

—

(L0

4 Figure Ex-56

7. A sheet of cardhoard 12 in square is used t© make an open
hox by cufting squares of equal size from the four corners
and folding up the sides. What size squares should be cut
to obtaina box with largest possible volume?

58, T it true or false that 2 particie in rectilinear motion is speed-
ing up when its velocity is increasing and slowing down

when its velocity is decreasing? Justily your answer.

59, (a) Can an object in rectilinear motion reverse direction if
its acceleration is constant? Justify your answer using
1 velocity versus trme curve.

(b) Can an object in rectilinear motion have increasing
speed and decreasing acceleration? Justify your answert
using a velocity versus time curve.

Suppose that the position function of a particle in rectilin-

ear moiion is given by the formula s(2) = ¢/ (2¢% 4 ) for

t = 0.

(a) Use a graphing utility to generate the positiot, velocity,
and acceleration versus time Curves.

{b) Use the appropriate graph o make a rough estimate of
the time when thesparticle reverses divection, and then
find that time exactly.

I~ 60.

$1. For parts (a)-{0), suppose that the position function of »

{c) Find the position, velocity, and acceleration at the in-
stant when the particle reverses direction.

() Use the appropriaie graphs 0 make rough estimates of
the time intervals on which the particle is speeding up
and the time intervals on which it is slowing down, and
then find those time intervals exactly.

{e) Whendoes the particle have ite maximum and minimum
velocities?

particle in reciilinear motion is given by the formula

2

t—ij—l, =0

) 41

(a) Usea CASto find simplified formulas {or the velocity
function v(£) and the acceleration funciion a(t).

(b) Graph: the posiiion, velocity, and acceleration versoy
time curves.

{c) Use the appropriate graph to make a rough estimate of
the time at which the particle is farthest from the origin
and its distance from the origin at that time.

{d) Use the appropriaie graph to make a rough estimae ol
ihe time interval during which the particle is moving in
the positive direction.

(g) Use the appropriate graphs 0 make rough estimates vl
the time intervals during which the particle is speding
up and the time intervals during which it 1 slowiny
down.

{f) Use the appropriate graph to mske a rough estiman
of the maximum speed of the particle and the time
which the maximum speed ocCurs.

s(t) =

62. Draw an appropriate picture, and describe the basic idea !
Newton’s Method without using any forrmulas.
L

§3. Use Newton’s Method to approkimate all three solutions "l
2 —dx+1=0

4. Use Newton's Method to approximate the smallest posith®
solution of sinx +cosx = 0.

. Use a graphing nlity © determine the number of tirnes (08
curve y = x° intersects the Curve y = (x/2) - 1. Ther !t
ply Newton's Method to approximate the x-coordinale
all intersections.

66. According to Kepler’s law, the planets in OUr solar sy

move in elliptical osbits around the Sur. [fa planet’SF“"" )
approach fo the Sun oceurs at time ¢ = 0, then the distit

r from the cenier of the piariet to the center of the >

some ater time ¢ can be determined from the equai”!

r=all—ecosd)

where a is the average distance between centers, ¢
of the 2l

R

gyl =

ih ] ke
: fiphe

jtive constant, that measures the “fatness”
orbit, and ¢ is the solution of Kepler's equation

2t . -
—— = —esn
T ' i :
in which T is the time 1t takes for oné complete

. . - m
the planet. Estimate the distance from the Barf




<4 Figure Ex-6

how that the substitutions u = $eCX and i = tanx

5)
o different values for the ibtegral

e .produc

f sec” x tan x dx

fb) Explain why both are corTect.
 Use the TWO substitutions in Exercise 7 1o evaluate the def-

imite integral

wld
] sec? x fan x dx
@

and confirm that they produce the same result.

9. Dvaluate the integral

i x'?“ .
[
. xt+2
by making the substitution 1 = x4+ 2,

Uy, Bvaluate the integral
f Y1+ x23dx

by making the substitution » = 1 + X3,

<} 11-14 Evaluate the integrals by hand, and check your answvers
with a CAS if you have one. &

T
T N P j VITVE

J /51 2sin3x
2z
13. f A dx 14. f x sect(ax?) dx
(ax? + b)?

15, Express

18
Z k(k -3
k=4

in sigma notatien with
(&) k = 0 as the lower limit of summation
(b) k = 5 as the lower Jimit of sumInation.
16. (a) Fill in the blank:
n
1+3+5+---+(2n—1):2_4f_
k=1
(%) Use part {a) tc prove that the swm of the first n consec-
utive odd integers 1s a perfect square.
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17. Find the area under the graph of f{x) = 4x — x7 over the
interval [0, 4} using Definition 4.4.3 with x; as the right
endpoint of each subinterval.

18, Find the area under the graph of f{x) = 3x - x? over the
interval [0, 5] using Definition 4.4.3 with x; as the left
endpoint of each subinterval.

16-20 Use a calculating utility to find the jeft endpoint, right
endpoint, and midpoint approximations o the area under the
curve y = f(x) over the stated interval using n = 10 subinier-

vals. #
18, y = 1/x; 11,2] iy =tanx; [0,1]
21. The definite integral of f over the interval 1a, b] is defined
as the Limit

b h
(xYdx = 1 Flx)Axy
fa faydx=_ A%D;mn Xt
Explain what the various symbols on the right side of this

equation mean.
22. Use a geometric argurment to evaluate

1
f 2x — 1dx
0

2z
i [1 feydx =1,

23. Suppose that

1
ff(x)dx
0
3 1
ff(X)dx:—l. fg(x)dx:;l
0 0

In each part, use this information to evaluate the given inte-
gral, if possible. If there is not enough information to evai-
uate the integral, then say so.

2 3 »3
@ [ feds ® f faydx @ j Sf(x)dx
0:() 1] 2“;
d) f gy dx  (e) [ gxydr () ] [ ()] dx
1 Q 43

4. parts (a)~{(d), use the information in Fxercise 23 1o eval-
uate the given integral. If there is not enough information
to evaluate the iniegral, then say so.

i 1
@ [ 170 +ewiax ® [ restoex
1 1
(©) TSP (d) f [4g(x) —3F(x)]dx
o g%} 0
25, Tn each part, evaluate the integral, Where appropriaic, you
may use 2 geometric formula.

1
(a) ] (1+\/1fx2)dx
-
3
(o) j (xv/x2+1—+9—x%)dx
0
1
{c) f xy 1 —xtdx
0

I
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gitasa timit of

the limit by interpretin
1is divided into

26. In each part, find
hich the imterval [0, 1

Riemann suins n W

n subinfervals of equal length.
‘ ﬁ+«/’§+ﬁ+---+\/ﬁ
(a) hm 57
SRETRPY 34” "
IR A +n
() lm =

57-34 Bvaluai® the integrals uging the Pundamental Thecrem

of Calculus and (f necessary) prop
2
28. f <1+ xhydx

0
7. f (x —4x +7) dx
3 —1
8 -
(5523 — 4x ) dx
1

|
i
i
31. J (x—secxtanx)dx
0

AP
/

wl
34, j \12 — sinx\l dx
0

473
32,.[ SO VS
Ji K«/I
rl
33.] 12xf3ldx
0

35_%¢ Find the ared gnder the curve ¥ = f

interval. # J
35, 7 = J% 19 \Zé\f(x) = 11,4
% .axis but below the curve

¥7. Find the arca that is abovedne

y=u-
5] 38, Usea cAStofi

){x — 2% Make a skefch of the region.

nd the area of the Teg

eriias of the definite integral.

(x) over the stated

ion in the frst auad-
2 3 gnd above

AT 4T e
¢ dx | Ja cost” l {

oA ¢ d * P
45. P It — 1)t 4. - cos /T dt i
A 0 A e 3
Fundarmental T heorem of Calew-

&7, State the two parts of the
lus, and explain w/hat is meant by the statement “Diffeien-
d infegration are inverse processes."

X IZ 3
[c) 48. Tet Flx) = ) T .
() Find the intervals on which

on which F is decreasing.
(&) Find the open iniervals on which F is concave up and

those on which F 15 concave dowmn.
() Tind the x-values, if any, at which the function F has
absohute extrerna.
(dy Usea CAS to graph
parts (a), (), and (&
49, Use differentiation to prove

fiation an

F is imcreasing and thaos:

F, and confirm that the resulis in
3 are consistent with ths graph.

that the function

X 1 1/‘.{ l
Flx) = ——dt - dt
& o 1+ " o L+

18 constant on the imgerval (0, o).
in of the Tunction

3. “What is the pataral doroa
1

X
F(x)= e dr?
©=| 77

Explain your teasoning.

determyne the values of x for which {21

rant that Lies below the curve ¥ = xfx°—x
the x-axis. §1. In each parh,
positive, negative, Of zero*without performing the inlver
pween the tion; expialn Your reascning.

rve and find the total area be

3540 Sketch the cu
terval on the x-aXis.

curve and the gIVED m
39, y—=x — I 10, 3]

41, Define Fi{x)by
X
F(x):f (7 + Ddt
1

(x) Use Part 9 of the Fund
o find F'(¥).

)] Check the result D past
differentiating.

‘ﬁDeﬁne F(x)by
o
Flx) = L = di

(a) Use Part 2 of the Fundamental Theo
to find F'(x).

(b) Check the result inp
differentiating.

art {2) by furst

a3-4% Use Part 2 of the Fundammental

find the derivatives. ¥

ap, y=Eri— =L

(a) by first integrating and then

rem of Calculus

integrating and then

"Theorem of Calculus o

4 . o
{ ® F(x):f S
-1

X
a) F(x)= ——dt
(a) Fx) A3
largest and smallest vl

5] 52, UseaCASTO approximate the
of the integral
x r

dt

amentai Theore of Calculus

farl <x =3
53. Find all valoes of x* in the stated interval that are
anieed t© exist by the Mean-Valae Theore™ for W
and explain what these numbers rep':esent‘ o
o f =5 03 B S R
54, A 10-giam tumor is discovered in a laborato™y o
|, The tusmor is SrOWIng =T
week, where 1 denotes the numb
i, What will be the mass of the tumor o8
58, Use the graph of f shown the accompanyt’s i“"-
the next page 10 find the average value of fonth

[0, 104.

ex of weeks Gkt
o

e




