m Exercises

1-6 Evaluate the integral by making the given substitution. 3, J.xg-\-"'ﬁ_-i-ldx, w=x+1

'I.J'sinﬂxdx_ u=mx

dt
[—— u=1-6
1J'x3{2+x')5.ir, =2+ 2 .{(1—6:)'- “ !
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5 i.cus1ﬁ|5inﬂa‘ﬂ, u=cos#

¢ sec{1fx)
E=tL

dr, w=1/x

7-30 Ewvaluate the indefinite integral.

1 j‘ xosinl %) d B fxl cos{x’) dy
o [ - 200 ds 0 [ 3+ 204t
n J' {x + 1y2x + 22 dr 't J.‘seé 200
1 J'm3:m3;d: 1 J.‘H\.-Wdu
15 J'ﬁ:’—%;‘ dx
17 | sectd tan®t) o) 18 fcurs‘ﬁl sin ) o)
19, | (x? + 1(x? + 3o dv 2. J.‘\.-T sin(l + x¥2) dr
2. J' ':;: dx 2 J.‘—'““;”r D e
a | :-'1:: =& N =y
5. j‘ Voot x cselrdy 6. fsin t sac’icos ) dt
. .l‘ sec’x tan x dr 8 fxlx-"m dx
2, _|' x(2x + 5P dx an. J.‘x‘,-'mdr

@ 31-34 Evaluate the indefinite integral. llustrate and check that
your answer 1s reasonable by graphing both the function and 1ts
antiderivative (take (' = 0).

3. [ xle® - 1) dr 2 [ tan'd sec’d b

.
3. | sin'y cos xdx 3. fsinxcus“xd.r

35-51 Evaluate the defimte mtegral.

' [j’cas[mfzb dt 3. J.‘a‘lrs:— 1) e

an

47

5.

{nl J1 4+ Tx de 38 i:r' xcos(xt) dr

) {: sec*(#/4) dt 40 i.II: cse Wi cot Wik
II.’ N '+ x*tan x) dr 42, i‘n"ll cos x siolsin x) dx
{H 44 r x/a® — x* dr
J0 il + ij Jo

[T FEd @20 & [ ssinxdr
{ X x - 48 h_;—
1 041+ 2x
(x® T
(! coslx) 50. [ sin(2my/T— ) ce
J1z x* Jo

R -

Verify that f(x) = =in 4% is an odd function and nse that fact
to show that
0= snirdr=1

5 Use a graph to give a rough estimate of the area of the

region that lies under the given curve. Then find the exact area.

53.
5.

r=yIx+ 1, 0=x=1

y=lsny—sinly 0=x=x

. Evaluate _P) (x + 30,7 — x7 dr by wnitmg it as 2 sum of

two integrals and interpreting one of those integrals in terms
of an area.

. Evaluate _i.:: x4/l — x* dx by making a substitution and mter-

preting the resulting mntegral in terms of an area.

. Breathing 1s cyclic and a full respuratory cycle from the begin-

ming of inhalafion to the end of exhalation takes about 5 s.
The maximum rate of air flow mto the hings is about 0.5 L /5.
This explains, in part, why the function (7} = 1 sin(27¢/5)
has often been used to model the rate of air flow into the
hings. Use this model to find the volume of inhaled ar m the
hings at tume &

. A model for the basal metabolism rate, in keal/h, of a young

man 15 M¢) = 85 — 0.18 cos(wt/12), where ¢ is the time in
hours measured from 5:00 AM What 15 the total baszal metab-
olism of this man, _[:"' ¢} df, over a 24-hour time period?

. If £ is confinuous and {: flx) dr = 10, find {: 25 dx

. Tf F is continuons and {: flx) dr = 4, find {: *F(%) .



61. If f is continuous on B, prove that
r.f'[—x‘.ldx= f;f(rﬁd.r

For the case where f{x) = 0 and 0 = a < b, draw a diagram

to interpret thiz equation geometnically as an equality of areas.

62 If f is continuous on B, prove that
{b.l"(x + eldxr= {:Irf[x}dx

For the case where f{x) = 0, draw a diagram to interpret this
equation geometrically as an equality of areas.

63, If @ and b are posifive mumbers, show that

L‘ 1 — 2 e = '[3' 1 — O dx

64. If f1is continuous on [0, 7], use the substimtion v = ™ — xto
show that

j: xfsin x) dr = %j‘: Az x) dx

65 If F 15 contmuons, prove that

L’ﬂ fleos x) de = .l:;l fl=in x) dx

66, Use Exercize 63 to evaluate _ia'" cos’x oy and |'n’§: sin”x dx.

“ Review
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The following exercises are mtended only for those whe have
already covered Chapter 6.

G7-84 Evaluate the integral.

dx &
67. | = 68. | e” sinfe”) dr
5 —3x J
. )2 o
go [ 0 [ —— @=0
i x Jar+ b
N [ e T+ erdx 12 | e sin s b
¢ N s tan !
1. | &= sec’vdr L [
J 1+ x
f 1+ - sinfln x)
5 [ —dx %, [zl
d 1+ d x
m [ =2, . [omr
4 1+ cos’x 4 1 + cos’e
79, | cot x dr g0 [ —2
Jc i -l 1+
st dr 1
Bl — ] = dy
-Ir xyInx .Io e
0. I’I e‘-+ 1 & " I:l .Sl.Il 111 e
do g+ z LT B o

B5. Use Exercize 64 to evaluate the integral
I. xsinx
o 1 4 cos'x

Concept Check

1. (2) Wnte an expression for a Riemann sum of a fimetion £
Explam the meamng of the notation that vou use.
(b)) If fix) = 0, what iz the geomatric interpretation of a
Riemann sum? [ustrate with a diagram.
(e) If fix) takes on both positive and pegative values, what is
the geometric mterpretation of a Kiemann sum? lhnstrate
with a diagram.

2 (a) Wnte the definition of the definite integral of a continnous

function from a to b.
(b) What is the geometric interpretation of [* %) dr if
fAx) =07
() What is the peometric interpretation of [* /() dr if /()

takes on both positive and negative values? Hlustrate with a

diagram_
3 State both parts of the Fundamental Theorem of Caleulus.
4. (a) State the Net Change Theorem.

(b) If r{f) is the rate at which water flows into a reserveir, what

does _l'l" rif) d¢ reprasent?

5. Suppese a particle moves back and forth along a straight hne
with veloctty o(f), measured in feet per second, and accelera-
tion ale).

{2) What 15 the meaning crfﬂnBG ol d) de?
(b) What is the meaning of [;" | ol | &7
() What is the meaning of [ al/) &7

6. (2) Explain the meaning of the mdefinite mt\egal_l flx) dx.

(b) What 15 the connection between the defimite integral
2 #(x) dx and the indefinite mtezral | fx) dv?

1. Explain exactly what 15 meant by the statement that “differen-
tiztion and integration are inverse processes.”

B. State the Substitution Rule. In practice, how do vou use it7?
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True-False Quiz

Determine whathar the staterment is trua or false. If it is trua, axplain why.
If it is false, explain why or give an example that disproves the statemant.

1. If {and g are confinnous on [a, b], then
r[ flx) + glo]de = fsf[x}dx + rgfﬂ dx
2 If {and g are continuous on [a, b], then
“B M AT -
} [ Axgln] de = (| fix) de(} gla) rixJ
3. If {is continuous on [a, &), then
(st dr =5 [ #x) dx
4. If fis continuous on [a, 4], then
J‘bx.l"[x}dx =x |-5.I"fﬂ de
5 If fis contmuous on [a, b] and f(x) = 0, then
|
I|

N
¢ flx) dx

N

B. If /" is continuous on [1, 3], then |'11 o) dv = A(3) — AL).

l’ﬁ w.":m dy =

1. If and g are contitmous and f{x) = glx) for a = x = b, then

{* () dx = ["glx) dr

8. If f and g are differentiable and flx) = glx) for a < x =< b,
then Mx) = glx) fora < x < b

1 510 X |
1:[|(x5—6x°+m)dx=n

10. {ss[ax1+ b + .:]dz=szax=+cuz

11. All continuous functons have denvatives.

12, All continuous functions have antidenvatives.

12 {.\. smxdr=|‘3,smxdr+}*h 5mxdx
J=  x EE

o X

0. 16 i) e = 0, then A{x) = O for 0 =x = 1.

15. If fis continuous on [a, A, then

d i e
E(-I- flx) fk’) = flx)

16. [ (x — x") dr represents the area under the curve y = x — &°
from 0 to 2.

11 3
1. _{:Fdz= -3

18. If £has a discontimuity at 0, then |”I fix) dx does not exist.

Exercises
1. Use the zmiven graph of f to find the Fiemann sum wiih six
submtervals. Take the sample points to be (3) left endpomts
and (b) mudpoints. In each case draw a diagram and explain
what the Fiemann sum represents.

i

2 (a) Evalnate the Riemann sum for

Ax)=x*—x 0=x=2

with four subintervals, taking the sample points to be nght
endpoints. Explain, with the aid of a diagram, what the
Fiemann sum represzents.

(b) Use the defimtion of a definite integral (with right and-
points) to caleulate the value of the integral

fz (x* — ¥ dx
o

{c} Use the Fundamental Theorem to check vour answer to
part (B).

(d) Draw a diagram to explain the geometric meanmg of the
integral in part (b).



3 Evaluate
£

L {x+ V1= 12] dr
by interprefing 1t in terms of areas.

4, Express
lim ¥, sin x Ax

v )

as a definite integral on the mterval [0, 7] and then evabuate
the mtegral

B If | flx) dr = 10 and [ flx}dx =7, find [} £0) dr.

6. (2) Wnte _rlj (x + 2x°) dr as a limit of Riemann sums,
taking the sample pownts to be nzht endpoints. Use a

computer algebra system to evaluate the sum and to com-

pute the lmat
(b) Use the Fundamental Theorem to check your answer to
part (a).

7. The following figure shows the graphs of £, ', and Jl»' e de.

Identify each graph, and explam your choces.

Fi

', {
Il i

] ./
—d

\/

B. Evaluate:

=iz o ., X ¥
(a) .{n i (sm st 3):‘.&’

d pmiz X x
[fb)de smzcusgd.r

(c) —f smicos—df

9-28 Ewvaluate the integral.

9, {I: (Bx* + 3x%) dr 10, {:[14 Cge T dy
'LI (1 —x*) dr 12, E” ' d
0w — 2ut fu — 2o .

13 {I 14. L {\' uw + 1) du

15 L'J’U + 1 dy . [VTT7 0

1 {Is A 4}2 18, |:5.-n[3m;| e
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ro, Flosinx
19, | ¢ cosle®) dv

b ol +x

I-* =4 ttan f r o x+12

Jowit 2 4 cost d et + 4x

- -
1. | sin wt cos widr M. | =iz x coslcos o) dr

5. L“ sec 26 tan 29 o %. |;""{1 + tan & sec’t dit

o 7| - 4]dx 2 (v —1]dr

m 29-30 Ewvaluate the indefimte intepral. Illustrate and check that

your answer 15 reasonable by graphing both the functon and its
antiderivative (take ' = 0).

i cos X

— 0 [ ——
YT +sinx Iy

ﬁ M. Use a graph to give a rough estimate of the area of the regzion

that hes under the curve y = /7,0 = xr= 4. Then find the
exact area.

] 3. Graph the function fx) = cos’x sin x and use the graph to

guess the value of the mtegral _l;' fx) dx. Then evaluate the
mtepral to confim your guess.

33-38 Fird the denvative of the funchon.

!2
B M= {“ o

o
T HF[:x]—-L\-i+sm£d'

ine 1 — £
g "

" sinlé) d

. glx) = Lri cos(t?) df

1 J.-'={'__c°;ﬂdﬁ| B ="

i

39-40 Use Property 3 of mtegrals to estimate the value of the
integral

n T3 dr a0.
] hx+1

41-42 Use the properties of infegrals to venify the inequality.

Fxit SID X

r 1
4. l:xzmsxd.r":?

duid

43. Use the Midpoint Rule with n = 6 to approximate
Ji sinfx*) dir.

8. A particle moves along a hine with velocity fanchon
vlf) = ¢ — ¢, where v is measured in meters per second.
Find (a) the displacement and (b) the distance traveled by
the particle during the fime mterval [0, 5]
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45. Let rlf) be the rate at which the world's odl is consumed, where 50. The Fresnel function S(x) = [ si.ul:%-]rfz) it was infroduced

{1z measured in years starting at ¢ = 0 on January 1, 2000, in Section 4.3. Frespel also used the function
and r{# is measured in barrels per year What does [} ¢ dt
reprasent? x) = II.r cos(Lme?) die
46. A radar zun was used to record the speed of a runner at the L . : .
times given in the tble Use the Midpoint Rule to estimate the in his theory of the diffraction of light waves.
distance the rurner covered during those 5 seconds. (2} On what intervals 1= [ mereasing?
{(b) On what intervals iz £ concave upward?
((s) v (m/s) () v (m/s) (c) Use. a graph to solve the following equation cotrect to two
decimal places:
i} 0 io 10.51 .
05 467 15 10.67 I, cos(tme?) de = 0.7
10 7.34 40 10.76 .
15 8.36 45 10.81 (d) Plot the graphs of (C and 5 on the same screen. How are
20 .73 50 10.81 these graphs related?
25 10.22
51. If f 1= a conhomous funchon such that
41. A population of honevbees mereased at a rate of 1) bees . iR
per week, where the graph of ris as shown. Use the Midpoint Jr flf) de = xsinx + In 1+ 2 dt
Fule with six subintervals to estimate the increase m the baa ) .
population during the first 24 weeks. for all x, find an explicit formula for {x).
l"OOC: 52, Find a function [ and a value of the constant a such that
- N, .
I 2| Addi=2smx —1
BO00 T .
83, If /' is contmuous on [a, b, show that
2000 . "
\.\ 2 J flx) Fixh de =[ AB] — [ Aa]
0 4 8 12 16 20 24 1 r2e6 ——
foraeks) B4, fjnd_ljni:I |7 W1+
4 Let 55. If £ is conti 0,1 tha
o {—x—l Fod=r=0 1s contmuous on [0, 1], prove that
Xl = T - - - & o
~T-x f0=x=1 [ Aerdx= [ A1~ x)dx
Evaluate _|_'1 fix) dx by mterpreting the integral as a difference 5. Evaluate
of areas.
89, If fis continuous and [ f{x) dr = 6, evaluate i L (i)" . ( 2 )" N (1)“ - (iJ"
[ F(2 sin #) cos @ b, s=an |\ n n n



