Midterm | Chapter 5: Concepts Check

1 (a) 30, flz) Az is an expression for a Riemann sum of a function f.
x} iz a point in the ith subinterval [r;_ ., x;] and A is the length of the subintervals.
(k) See Figure | in Section 5.2,

() In Section 5.2, see Figure 3 and the paragraph beside it.

. (a) See Defirution 5.2.2.
(k) See Figure 2 in Section 5.2,

() In Section 5.2, see Figure 4 and the paragraph abowve it.

3. (a) See the Evaluation Theorem at the beginning of Section 5.3,

(b} See the Net Change Theorem after Example 6 in Section 5.3,

4, f:i r(t) dt represents the change in the amount of water in the reservoir between time £ and time 2.

5 (a) fﬂl:n v{t) di represents the change in position of the particle from § = 60 to £ = 120 seconds.

(b f;:n [t} df represents the total distance traveled by the particle from £ = 60 to 120 seconds.

(c) fﬂl:n a(t) dt represents the change in the velocity of the particle from £ = 60 to £ = 120 seconds.

6. (a) [ f{x)dx is the family of functions {F' | ' = f}. Any two such functions differ by a constant.
{b) The connection is given by the Evaluation Theorem: f: Nz de = f fix) :'LJ"]: if [ is continuous,

1. See the Fundamental Theorem of Caleulus after Example 5 in Section 5.4,

8. (a) See the Substitution Rule (5.5.4). This says that it is permuissible to operate with the dir after an integral sign as if it were a
differential.
(b) See Formula 5.6.1 or 5.6.2. We try to choose u = f{ir) to be a function that becomes simpler when differentiated (or at
least not more complicated) as long as dv = ¢’ () dr can be readily integrated to give v.

9. See the Midpoint Rule, the Trapezoidal Rule, and Simpson’s Rule, as well as their associated ervor bounds, all in Section 5.9,
We would expect the best estimate to be given by Simpson’s Rule.

10. See Definitions 1(a), (h), and (¢) in Section 5,10,
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Midterm | Chapter 5: Concepts Check

1. See Definitions 3(b), (a), and (¢) in Section 5.10.

12, See the Comparison Theorem after Example 8 in Section 5.10.

13. The precise version of this statement 15 given by the Fundamental Theorem of Caleulus, See the statement of this theorem and

the paragraph that follows it in Section 5.4,
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1. True by Property 2 of the Integral in Section 5.2,
2. False. Trya =10,b=2, f{xr) = g(r) = 1 as a counterexample.
3. True by Property 3 of the Integral in Section 5.2,

4. False. You can’t take a variable outside the integral sign. For example, using f(x) = L on [0, 1],

fnl z f(x)dr = fnl rdr = :%J’:?]; = < (a constant) while zfnl Ldr = = (2]} = x - 1 = = (a variable).

. . o 2 —_ e — [ — 1 — . fi_ 4
5. False. For example, let f(xr}) = =° Then [ vx?dr = [/ rdr = £ but/ [ 22dr \/; -
6. True by the Net Change Theorem,

1. True by Comparison Property 7 of the Integral in Section 5.2.

B. False. Forexample, leta = 0,6 =1, fiz) =3, g{z) = =. f(z) = g{z) for cach z in (0, 1), but
fz)=0<1=g'(z)forz e (0,1).

8. True. The integrand is an odd function that is continuous on [—1, 1], s0 the result follows from Theorem 5.5.6(b).

10. True. f_: (az® + bz + ¢) dz = fj_.-,[ﬂ”'z +¢) dx + f_r’r: b dr
=2 [7(ax? + c) dr [by 55.6(a)] +0 [by 5.5.6(b)]

1. False. This is an improper integral, since the denominator vanishes at = = 1.
4 1 1
T & T
—dr = dx —— dz and
ﬁz*—l o _ﬂ z?—1 +£ 21
! £ . : i . I 2 t . 1 @
| opde= lim | —Tmde= lim ($lnfe ~1] |, = tim gl -1 = o

So the integral diverges.

12. True by Theorem 5.10.2 withp = /2 > 1.
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13. False. See the remarks and Figure 4 before Example 1 in Section 5.2, and notice that y = = — 2% < 0 for
L <=2

14. True by FTCLL

15. False. For example, the function y = |z| i3 continuous on B, but has no derivative at @ = (.

16. False. For example, with n = 1 the Trapezoidal Rule is much more accurate ¥4

than the Midpoint Rule for the function in the diagram.

| « ath M
2
11. False. See Exercise 51 in Section 5.10.
18. True. If f is continuous on [0, oo, then f.l:, fiz) dr is finite. Since _ﬁc T{x) dz is finite, 50 is
_jrn f{.r}dz—fn :"E..r'+_]'.':h:h ) dx.
19. False. If f(x) = 1/x, then f is continuous and decreasing on [1, oo} with lim f(x) = 0, but [7° f(x) dx is
divergent.
20. True. I (=) + glx)] de = 11111_|r [f{x) + g(z)]dr = Jim (Jr f{.r]ndz+_l|" alz d.r)

since both limits
in the sum exist

= lim [ f(z)dz + lim [, g(x)d
= [ fle)de + [ g(z) d=

Since the two integrals are finite, so 1s their sum.

1. False. Take f(x) = 1 forall 2 and g{x) = —1 forall = Then [ f(z)dr = oo [divergent] and
17 glz)de = —oo  [divergent], but [ [f{x) + g{x)]dz =0 [convergent].

22. False. 157 fx) dz could converge or diverge. For example, if g(x) = 1, then [ 7 f(x) dz diverges if f(z) = 1
and converges if f(z) = 0.
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i :
1. (a) »h L= flza) Az [Ar= % = 1]
i=1
3 y= fix) = flza) - 1+ flza) - L+ flwa) -1
ﬂ +flxa) 1+ flwa)- 1+ flzs)- 1
6 & b & - .
5 = » 243544424 (-1)+(-25)=8
The Riemann sum represents the sum of the areas of the four
rectangles above the r-axis minus the sum of the areas of the two

rectangles below the z-axis.

(b) % Ma = i}'{ﬁ;jﬂ-;: [Ar = =2 = 1]
2 ¥=Jlx) = f(F1) -1+ f(Fa2) - 1+ f(Fa) - 1
+f(Fa) - 1+ fiTs) - 1+ [(Te) - 1
]

2 3 v = f(0.5) + f(L5) + f(2.5) + f(3.5) + f(4.5) + f(5.5)
22 34394+34403+(-2)+(-29) =57

The Riemann sum represents the sum of the areas of the four

rectangles above the z-axis minus the sum of the areas of the two

rectangles below the r-axis,
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= lim =—
n—oo i

2. (a) ¥4
1
a 1 2 %
(b} J{I;JII;SE — ;F:l dr = lim E _lr{J'| Ar
ﬂ - 2
— 1 at o= =
= lim i . nin + l}':[i'”' +1) _
n—saa | S i
= lim [E(l+i)(g+i)
n—oa | 4 i T
e r 272 .
© [ - s = (4"~ 3703 = (3 -9) = 3
id) ¥
y=2a-=x
1
Ay
FIAI =
o 1 2 =z

ot

flr)=a" —zand Az = 2 =0 =05 =

Ra=05£(0.5) +0.5/(1) + 0.5(1.5) + 0.5/(2)
=0.5(—025+0+0.75 +2) = 1.25

The Riemann sum represents the sum of the areas of the two
rectangles abowve the m-axis minus the area of the rectangle below the

w=axis. {The second rectangle vamishes.)

[Ar = 2/n and z: = 21/n]

Je ey

4 ni{n41)
n? 2

. [4 n+l n41l n+l}
— lim |= ——. _g. 1
T1—= 00 ..‘; T i Tl

| I [; 2
4.1.2-2.1=1

J2

the diagram.

— ) dr = A1 — Az, where A1 and Ag are the areas shown in

k) fn[r+-.,-fl.—.r*::d.r—fn.rr.fr+fn Il —z2de =1 + Is.
:l
ym T3
X 0 1 x

I; can be interpreted as the area of the triangle shown in the figure and J; can be interpreted as the area of the quarter-cirele.

Area = 3(1)(1) + 3(m)(1)* = 3 + §.
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4. On [0, 7], lim ¥ sina: Ax = [ sinzdr = [-cosz]y = — (-1} — (—1) =2,
1

FL—> 00 ]

5. 2 flz)de = [} f(x)de + [} flz)de = 10=7+ [ flz)de = [} flz)dz=10-7=3

b () flz) =™, Ar=(2—-0)/n=2/n,and x; = 2i/n =

3 Tt N F L
3 . 21 2 . -;{1- 2
AT e = | 2z =1 S{Zife) | =
e ,.Ln;ngf(n)(n) Jim D "

cas . 268/m (e — 1) cas €7 — 1

= 134.14
a2 —+ 00 ﬂ_(f'ﬁflﬂ- — J_] 3

(b f; e dr = [%f"h:: = %l:r'ﬂ — l}, as in part (a).

1. First note that either a or & must be the graph of In: JE) dt, since fnn f{t)di =0, and ¢{0) # 0. Now notice that b > 0 when ¢
is increasing, and that ¢ > () when a is increasing. It follows that ¢ is the graph of f{x), b is the graph of f'(z), and a is the
graph of [ f(t)dt.

1
. - d: aarctaam o arctan o 1 wfd
8. (a) By the Evaluation Theorem (FTC2), —_ dr = |¢ =" -1
(a) By (FTC2) f (e dip =[]

1
{b) % f EAFEARE g — 0 sinee this is the derivative of a constant.
0

{c) By FTCIL, i/ ghretant g, mrotenx
dr fg
8. [!(82" + 3c%) do = [8. 4" 43 §a"]} = [20" +4%)] = (2.2' +2°) - (24 1) =40 -3 =137
. “
° f (o — 8o+ T)do = [£a® — da” 4 Ta] ;= ($1° —4T* 4 71) — 0= 27° —41® 4 77
0

My (L-a)de = s -2, = (1- %) -0= %

12 letnw =1 — o s0du = —deand de = —du. When e =0, = 1; when® = 1, uw = (0. Thus,

[l —a)de = [ u®(—du) = [ u®du = = [1!::“:"]“1:I =2(1-0)==.
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9 2 o
-9 o . L8
11[ udu—f (™Y Z ) du — [zu‘”—w.j] —(6—Bl)—(2—1) = —T6
1 u 1 1

4 . , « o 11 2
14, f;(q‘,ﬂ+l]j du—fnl{um+2ul’m+l}n‘u— [§u3ﬂ+%u"ﬂ+u LT [%+%+l}—0—

1 2
. : 1/1 1 : 1
15. 1L—z3+l,dﬂ—2m‘£.::,suj; J“";-l-ldz__/l‘ ;(Edu,)—a[lnw.]f—ilni

S | :
16. I dz_[tan_lﬂ'l_tal'l_ll—ta.n_lﬂ—i—[]—
S i | ‘0 1

e

17. Let u = v¥, sodn = 3v? dv. Whenv = 0, = 0; whenv = 1, u = 1. Thus,

f; v cos(v?) dv = fnl cosu (2 du) = & [:.-Lin -u] 2(sin 1 —0) = 2sin 1.

18. Let w = 3nt, sodn = 3o, When! = 0, n = 1; whenf = 1, w = 3. Thus,

1 I A . l l B 2
: sin{3mt) dt = : sin ﬁdﬂ. _E[_EUHH.D ———{ L—l]l—?

19, [} e™dt = [£e™] = (7 — 1)

m

20. Letu = 2 — S, sodn = —ddz. Whenoe = 1, u = —1; when e = 2, u = —4 Thus,
2 1 _,-11 »
fl 7 A = f_l —(~gdu) = —3[Infu|]") = —5(In4—In1) = —3Ind,

2. Letuw = x° + 4x. Thendu = (22 + 4)dz = 2(z + 2) d, s0

_x+2 1;2 1 1,2 - " : v
de= [ u du) =2 -+ O0=yu+C = +4c+C.
1..-".!“!+-’1J' f ?

22. Integrate by parts with u = Inx, dv = 2 der =  du = da/z, v = 2" /4

JPrtnzdr = [3x'lnz] — 3 [P2de =4ln2 - & [»']] =42 - 8
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5 - 5 10 r 5
23 | e — 1— dr = |z — 10In(x m]
ﬁ r+10 L ( m+l{]) = |z-10(=+10)]

=5-10lnl5+10ln10=5+10In3¢ =5+ 10In 2

5 u=1y, dv=¢e""%dy N 5
24- f y[':_[l-ﬁy :'f]'lf - = | — iy[l_n-ﬁy = f — El-_:_n'r:'ﬁr t'f]',r
0 du =dy v= —%r“u'ﬂ" [ . -0 o { a )

_ _325 —1_£[,—nﬁy]5 _25 -3 _ 25¢.—3
e = e 0 G m (e 1)
25 —3 a5 —3 D5 D5 100 —3

=—F€ —5¢ +tF=F-TF¢

=2 s w2
25. o8P o — (1 ‘ﬂ] Im2—Inl—In?2
A TSm0 _n[ + =in }In n n n

% f‘l dt u=2+1, _fgénm__l 11" 11 1y 1/ 8Y 2
S (21 | du =24t s u 4 [u?], 4\81 9 4\ 81/ 81

Y oa u=Inw, dv= ? dr
21. f ' T lnedr B
1

- 4 .
2 u_] B E[ 232 1
L IR Y

= nld
= 4(32ln4 —In1) - ?[J.u
11

o e

du=drfr p= %3"’”

= 2(641n2) — 2=(32 — 1)

=42 L (or Bind - L&)

28. Let u = cosx. Then du = —sinzdi, so [sinz cos(cosz)dr = — [cosudu = —sinu + ' = —sin(cos x) + .

1 1 A B
2. = =  Multiply both sides by (f + 2)(t + 4) to get 1 = A(t +4) + B(t + 2).
Erers (GrD0 D Tr2 ! rra Muliplybothsidesby (i +2){t+4)tog (t+4)+ B(t+2)

Substituting —4 for f gives 1 = —28 4« B = —2. Substituting —2 for { gives 1 =24 & A=< Thus,

di /2 1/2 . . L E+2]
—_— (== - dt = 2Injt+2)— 2Injt + 4]+ C = 21n
/12+HL+E f(£+2 i+4) nft+2| = gholt +4)+C =3l

= Lgin~ u+{"——s1n I'kzj}+ff'_

m fm"*

30. Let w = 22, Then du = 2z dz, s0 /
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. Letw = 7. Then w = x and 3w® dw = dx, so [e VE d = [ 3u #dw = 31, To evaluate [, let u = w?,

dv =€ dw = du=2wdw,v=ec"s50l=[uw 2 dw = wle™ — _J' Dpe™ dw. Now let ) = w, dV = £ dw

dll = dw, V = e, Thus, [ = we™ — 2[“" = [ “{“’] = W J'-' " — 2we"™ + 26" + (1, and hence
31 = 3e*(w? — 2w+ 2) + € =3 VT (225 — 22V 4 2) 4 €.

32, Letu = tan r,dr =dr = du=

= i, 11 = I
x?

/‘t;m_l rdr =ztan 'z — f T ::J:'-! dr = rtan ‘o — %ln{ll +:£:";} + (.

* Inx YInx * In.
1= f n_: dr = f n_:' il +f n_:' dr = I, + I,. Integrate by parts with u = Inz, dv = dx /2" =
i) xr i I 1 xr

du = drfr, v = -1/ (32):

Inx Inx 1 1 Inx 1 1 1 dlner+1
—dr= stz | Sdr= st 55|t O= 5 ——+C
/ ==t J/TNJ mﬁ+3(3ﬁ)+ 5 T =

1 3lnz+1]" 1 3lnt+ 1
f1 = lim —n’r——— lim |———| =—7 lm |l ————| =—0
f—nt Sy t—t T ' 9 o i
S0 01 diverges and hence, { diverges. Divergent
sinz | .
34 f l = dx = 0 by Theorem 5.5.6(b), since f(z) = Tt 22 15 an odd function.
1 s

35 Letuw = 1 +sina. Then du = cosxdr, 50

x . : : J
—mm.r-rlr —Jl:!r._l""ifﬁr.l,—5!1:.1“+f'—2 Ll +sinz+ (' 7<
W1+ sin
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36. Letu=ao"4+1 Thenz® =u — 1l and rdx = %rm, S0

3
T (w—1) 4 1 172 —1,2
—_— = | —— {.— du) = = (u. — 1 ) it
r2+1 f Vi * 2 f

—%(%u .Z*rfmj +

12+ - P e
=1+ 1) (2P 1) -3 + O
—:-11,,.-".::2+l|:;r:3—2:|+f'

31. From the graph, it appears that the area under the curve y = « /T
between @ = D and & = 4 15 somewhat less than half the area of an
8 x4 rectangle, so perhaps about 13 or 14, To find the exact value,

wie evaluate

I|" .,_,.f'_fﬁ.:—j 32 n'r—[f:.'r"

38. From the graph, it seems as though ..rn,':h cos® i sin” i dr is equal to 0.

To evaluate the integral, we write the integral as
T E . .
= |, T eos? |::l — cos? :r']I sinedrand letw = cose =

du = — sinzdx, Thus, [ = jl u (1 — u®)(—du) = 0.

39. By FTCL, F(z) = [FVT t 0dt = F'(z) =T+t

40, Let v = cosa, Then ﬂ = —s&in x. Also, r.f:,r rh,r ﬂ{“
dix ii;r: ;i’u ff..r

Coks T .E .
f \a’l-!ldf——f 1— 2 di - {; V1 —u?(—sinz)
=/l —cos?x(—sinx) = —sinx Vsin?z = —(sinx)”"”
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T {l’ 1 ri = o {_l \.r'.? I"l = o I"l
41.;;—] —-rif—/ —t'f-l'--l-[ —-.rir——f —_ i —_—dl =
JT b Jyz b Ji ot 1 Jio

iy d f“’T et o f"' et
—_—  — —_— il | A — — it |. Let uw = /x. Then
T d;r:( 1 H de v gy, o Ve

d [v= i — di — f{ dt du e 1 _f“ﬁ_ 1 _f"ﬁ
dr [, :ir fﬁu t dx u 2 o 2y 2

2. 9 = _I;__'l ﬁin{F'i}ff.l'. = _J'fr Hin{.ﬁ"] df + j;h"l :-;in{r }dif = f” ' 1~-=111|{ )t — '-” :ein{f.djl di =

; . - i
y' = sin|(3z + l}l'i_ : E:—J (3x + 1) — sin[(22)"] - ﬁ (2r) = dsin|(3xr + J.:IJ'] — 21in [{2;1‘]4]

M. u=¢" = du—=¢"dr so

[efyl—e2xdr = [ /1 —u?du £ tuy/l—u?+dsintut+ =12 [f'" W1 — el Hin_l{fz]] +C

M csc® bt 2 —% cott cset i + Ei I csc” tdi

= —Leott esc®f + 2 [—Lesct coti+ Llnfesct — cott|] + C

= —Leott ese®t — Zesct cott + 2 n|esct — cott| + O

45. /u,f;£3+:r.+lnf;r.—/\/3:3+;r:+,-11+'{-jr1':r—fv{¢:+%]j+%fh
| ? 1

/lll'“ +( ) du [u=x+ 3, du = dzx]

%fv"wj+ + 1ln(re-+ 1|'||"‘Tf +3 j+f3

2

1 - . -
L + -.f-.r:!+J:+l+;—:1nf\;r+§+~.M:J+J:+l]|+(-r

|IJ

46. Let v = sinx. Then du = cos @ dx, s0

oot da it o Fjlf"ri:h-.zl w1+ 2u — 1| O W14+ 28ine —1 e
= = n|— '=In ;
w14+ 2ginr uy'l + 2u v1+2u+1 V94 2gine 4+ 1

PAGE 8



Midterm | Chapter 5: Review Exercises

AL ()= yTTa%, Ap—i—2 120 1

n 10 i
{a) To = ﬁ-{f{ﬂ] + 2[f(0.1) + F02) + - -+ F{09)] + F(1)} = 1.090608
(b) Mo = 11u[ (zn)"‘f(eu)"‘«'r{ +f( ]::l.l:lﬂﬂﬁ.ci[]

(€) S10 = o5 [(0) +45(0.1) +2£(0.2) + - -+ 4£(0.9) + f(1)] ~ 1.089429

[ 18 concave upward, so the Trapezoidal Rule gives us an overestimate, the Midpoint Rule gives an underestimate, and we

cannot tell whether Simpson’s Rule gives us an overestimate or an underestimate.

—0 T
48. f = +/sinx, Az J.D 30"

(@) T = 75 {F0) +2 [F(F) + F(35) + -+ F(55)] + F(3)} = 1185197

® Mio = 35 [£(35) + £(38) + F(38) +-+ F(255) + F(22)] =~ 1201932

(c) St = 325 [FO) +4f(S) +2f(EZ)+ - +4f(E) + f(Z)] = 1.193089
[ is concave downward, so the Trapezoidal Rule gives us an underestimate, the Midpoint Rule gives an overestimate, and

we cannot tell whether Simpson’s Rule gives us an overestimate or an underestimate.

0. f(x) = (L+2) "% fa) = 2(1+2Y) 2 42%) = 2% (14 2Y) 7 () = (22° + 627) (L4 2%) Y2
A graph of " on [0, 1] shows that it has its maximum at = = 1, s0 | f"(x)] < (1) = +/Bon [0, 1]. By taking K = /8, we
K{b—a)® 8
12n? 1200
Note: Another way to estimate K is to let = = 1 in the factor 22° + 6z (maximizing the numerator) and let = (0 in the

find that the error in Exercise 47(a) is bounded by

=~ 0.0024, and in (b) by about £(0.0024) = 0.0012.

factor (l 4 2 ) —H3 (minimizing the denominator). Doing so gives us K = 8 and errors of 0.008 and 0.007.

K(h— a)® &1 —0)° 1
Using & = 8 for the Trapezoidal Rule, we have | L] < % < 000001 = [12-413} < 100,000 =
S00,000
? = 1.12 n = 258.2, 50 we should take n = 259,
K{b—a)’ 800,000 .
For the Midpoint Rule, [Fa| < {24 a) < 000001 < n® > 2’4 i =~ LB, so we should take n = 183,
n?

50, fi ‘; dr 7= S = “‘—f”b [F(1) + 4f(L5) + 2f(2) + 4F(2.5) + 2f(3) + 4 (3.5) + f(4)] = 17.730438
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§1. (a) f(x) = sin(sin z). A CAS gives 4

S (x) = sin(sin z) |:|::|u:-f1 x + Teos® @ — ."1]
+ cos(sinx) [ﬁ- cos” rsin T + sin .J'!] o e

From the graph, we see that Z_.I"[“[:f:}l| < 3.8 forz € [0, 7.

(b) We use Simpson’s Rule with f{ir) = sin(sin =) and Ax = F5:

f flayde = I [FO)+ 4f () + 27 (32 ) + - +4S(35) + f(7)] = 1786721
0

From part (a), we know that !_|"M {r]l! = 3.8 on [0, 7], so we use Theorem 594 with K = 3.8, and estimate the error as

380w — 0)°

Es| <
[Bs| = 180(10)*

=2 (L.000646.

(¢) If we want the error to be less than 000001, we must have s < %&- < 0.00001, so

n® > ﬁf}";ﬂl] g2 646,041.6 = n = 2835, Simce nomust be even for Simpson’s Rule, we must have

ri == 30 to ensure the desired accuracy.

52. (a) To evaluate | e dir by hand, we would integrate by parts repeatedly, always taking dir = 2% and starting with

u = x". Each time we would reduce the degree of the z-factor by 1.

(b) To evaluate the integral using tables, we would use Formula 97 (which (d) 1 .
15 proved using integration by parts) until the exponent of 2 was reduced i
-12 - + + 5
to 1, and then we would use Formula 96,
F
ey [ e ¥ dr = )
-1

—Le7 (42" + 100" + 2027 + 302 + 30z + 15) + ¢

BIfl<r<3thenvVIE+3 <V +3<v3+3 = 2<VrP+3<2v3.s0

<
23—1) < [ VeT +3de < 2V3(3— 1); thatis, 4 < [ V2T 3de < 43,

54, On [0, 1], z* = z' cosx (since 0 < cosax < 1), so by Property 7, j; dr = J[nl z' cosxdr. Also, ¥ cosx > 0, s0 by

Property 6, fnl ' cos o dr = 0. But ..ﬂ-_.l wldr = [i-rr"]l

5 o

= %' =02, 500 < J[ﬂl 'l coszdr < 0.2

PAGE 10
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= 1 ! _
55. — _dr = lim 19z + 1) 2dr

lim 1 i 1 1 0 1 1
=lm|-————+—| =—=lim | —— | =—[0—-=] =
t—ro0 4{21’ +1)2 ], di—oo (2t 41)7 9 4 9 36

=1 Ll ==
56. f—f nfd.?‘., —f — — e + Eir = I} + Iy Integrate by parts with u = Inx, dv = dr /2t
0 T

du = dzjz,v=—1/ (3.::‘*).

Inx Inz 1 1 Inz 1 1 I 3lnze+1
—r = = | e = —— = —— == ——
_[ = 3 af mE= T T 3( 3:1'3) * 5 =
J. L3 1 L
In: 1 a1l 1 1 dni+1
Bo=dim [ 2fge— o gim [2EE TR o 12T
t—0 : T t—0 I ¢ O ipt £
So 1y diverges and hence, T diverges. Divergent
57. ffm e T dr = lim L e ¥y = I!_1:11'_I1C'C| :—%r_k:': = 1_1}51_3(—% + j _H:I = oo, Divergent
58. Note that f{r) = 1/(2 — 3r) has an infinite discontinuity at r = % Mow
2/3 t . .
dr = lim dr = lim —<n|2—3x
ﬁ 2—3r i—fasa- fp 2— 3r i—(2/3) aln|

— -1 lim [mz—:&u

—In2| =00
t—(3 3} J

1
e i diverges, so does []

23
Sinur:f
02—

der d
59. Letu — Inx. Th:ndu—d.;:;’u-,suf—l }—2ﬁ+f'—zf1n T4 O
n.

41 t—1"

[ d [ d =
Thus,f — limf — L lim [l‘,v’ln.:: — lim {zn.flnﬁ—zflnf,)—2-1—2-0—2.
1 &I t—1T Ny

Inr Inz t—1t

=
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60. Letu = /7 — 2. Theny = w? + 2 and dy = 2u du, $o

+2.3‘T:‘£
ydy fu—ﬁfu +£}du—.3[—'u +Eu]+(“

[ G -
yay . y dy [z a/2 ]G

Thus, = lim —_—_— e lim =y — 2 + 4 y—2
j; T -/, m_ s _rs'::y ) ¥ .

—2
= lim [%Hﬂ—%[e S - ]——;’
P

A

Iir - < i_ - ﬁ for x in [1, 50). f1 I%du- is convergent by (5.10.2) withp = 2 = 1. Thumfmc,fl I:—Hdr is

comvergent by the Comparison Theorem.

49 with :

OO i [EN
_ . : b=1 . € .
62 | = e cosrdr = lim e eosrdr = lim | — (acosx + sinx)
a t—roo 0 t—ma .ﬂ.'a e 1

o

at
= ,li,n;ﬂ [u:.+ l[uom-:i +sint) — uz:- l{ﬂ}] = ﬁ e1—1~n.:.1c. [r“!{ﬂcuﬁi + =int) —41].
For a = 0, the limit does not exist due to oscillation. For a < 0, lim [r'“{u. cost 4 sin F} = {) by the Sgqueeze Theorem,

i
a4 17

because | |r {u@cx-:£+smrjl ”E{|ﬂ.|+ 1), s0f = 3+ 1{_ a) = —

63. (a) displacement = [7(#? — ) dt = [347 — 142]7 = 122 20 — 175 — 99 1 meters
(b) distance traveled = [ [t* —t|dt = [ [t(t — 1)[dt = [ (¢ —r‘*}drﬂ"l (t* —t) di
= [3° - 360+ [ - 32°);

=110+ () (L 1) = LT =295 meters

B4 Al = (& —0)/10= =.
Distance traveled = fn vdtl = S

(42) + 2(45) + 4(49) + 2(52) + 4(54) + 2(56) + 4(57) + 2(57) + 4(55) + 56]

—L-(1544) = 8.57 mi

65. Note that r(t) = b'(1), where b{t) = the number of barrels of oil consumed up to time {. So, by the Net Change Theorem,
_jrg rit)di = b(3) — B(0) represents the number of barrels of oil consumed from Jan. 1, 2000, through Jan. 1, 2003,

PAGE 12
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66. We use Simpson’s Rule with n = 6 and Al = 3-113—-1 = 4
Increase in bee population = f;dr(ﬂl) df =2 Sg
= 2[r(0) + 4r(4) + 2r(8) + 4r(12) + 2r(16) + 4r(20) + r(24)]
= %[ﬂ + 4(300) + 2(3000) + 4{11,000) + 2(4000) + 4{400) + 0]

4 .y far) 2 =
2(60,800) == 81,067 bees

67. Both numerator and denominator approach (0 as o — 0, so we use "Hospital’s Rule, (Note that we are differentiabing with

respect foa, sinee that i3 the quantity which is changing.) We also use FTCI:

E'-'f“ .__f_—(z—u]%-f{-im]du . (1o~ {z—al/(4kt) (== (4kt)
lim T'(z,f) = lim . = lim =
a—i a— v Akt a—+0 Akt W dket
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6B. (a) (s im:n:a'«;ing on those intervals where € is positive. By the Fundamental Theorem of Caleulus,
((r) = — ||"|:I cos( 21 ]IrH] = ‘:”"‘{.a . This is positive when —rl 15 in the interval [{‘2?; — -]I (2n + j}ﬂjl

i ﬂn}"ll‘l‘tLBLr This implies that (2n — -]|"r <t (n+d)r & O<|z|<lory@n—1<|z|<ydIn+1n
any positive integer. So (7 is increasing on the intervals [— 1, 1], [\,f'ﬁ '\-"'E] . [— v‘? —ﬂ] . [ﬁ I-l], [—H —

(b) (" is concave upward on those intervals where f-“" = 0. We differentiate (" to find C"': ('(r) = cos(Z2") =
C'x) = — ﬁ-in{%;ﬁx}{% -2x) = —mwzsin(Tx”). Forz > 0, this is positive where (2n — 1) < %:Fz < 2, n any
posifive integer < \/m < a2 ﬁ, e any positive integer. Since there is a factor of —x in O, the intervals
of upward concavity for & < ) are (— m -2 V”H) . any nonnegative integer. That is, O 15 concave upward on

(—v2.0), (V2.2). (—VB.-2), (VB.2v2), ...

() ILE 0.E

r b f ™

?-“.1 /_\

/=07 \

Y DJD.; . . . . — 13

a

From the graphs, we can determine that fn r:u-:l: ) di =0.Tatxr = 0.76 and & = 1.22,

(d) 1 The graphs of S{x) and ('(z) have similar shapes, except that 5's flattens out

near the origin, while C7s does not. Note that for @ = 0, £ 15 increasing

where & 15 concave up, and 7 15 decreasing where 5 15 concave down.

Similarly, & is increasing where ' 15 concave down, and 5 1s decreasing
where £ 1s concave up. For & < (), these relationships are reversed; that 15, O

i5 increasing where S 15 concave down, and 5 1s increasing where O 15

concave up. See Example 5.4 4 and Exercise 5.4.23 for a discussion of 5{x).

69. Using FTCI, we differentiate both sides of the given eguation, fu tydi = 2™ + ]"n HE(E) dt, and get

{l e 2:!!) _

![JI} o l:_'.!_r + 2:£r22 +vl'_z_|r{if'] = _llli.?'}(l o E_—.I'} o r'.!z + Dopy 3 - If[_}'} o l —

0. 27 f(t)dt =2sine —1 = [T f(t)dt =sinz — z. Diffl:l’i:l‘ltialil.‘lg both sides using FTC1 gives f{x) = cosx. We
1

put x = a into the last equation to get () = sina — 3, soa = ¢ satisfies the given equation.

M. Letu = f(x) and du = f'{z) dir. Suilfub flx)f'(z)dz = J;{(:; wd = [’rf‘;ﬁr::'] = [f(0]° — [f(a)].
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72. Integrate by parts withu = (Inz)", dv = dr = du=mn(lnz)" . %d.::, v = I
f(lnx)"de = z{lnz)" — [z n(lnz)* {dr/z) = z(lnz)" —n [(Inx)" ! de. Thus,

fnl(lnz}" dr = lim Lllfll'l )" dr = lim [z(lnz)"]} —n lim Ll[InJ:}"_ldz
t—ot "t . t—n

(Int)"
ot 1/t

— nf;[lnu-}"_ldz = —nful (Inz)"~'dz,

by repeated application of 1"'Hospital’s Rule. We want to prove that ful {lnx)" dr = (—1)"n! for every positive
integer n. Forn = 1, we have fnll{ln.::}ll dr = (—1) f;[ln.ﬂ}“ dr = — f; dr = —1 {or

fnl Inzdr = lim [#lnx — .1']‘;1L = —1}. Assuming that the formula holds for n, we find that
t—t '

Linz)™ P de = —(n+ 1) [J(lnz)"dr = —(n+ 1)(—1)"nl = (-1)" " (n+ 1)L

This 15 the formula for w4 1. Thus, the formula holds for all positive integers n by iduction.

713. By the Fundamental Theorem of Calculus,

J§ (@) de = lim [ f'(z)ds = lim [f(¢) — J(0)] = Jim f(t) — £(0) =0~ [(0) = —[(0)

4. The area Alt) = f; sin(z*) dx, and the area B(f) = %[ sin(t?). Since lim A(f) =0 = lim H(t), we can use 1'Hospital s
== st

Rule:
o Alt) v sin(i”)
| —= =1
e B(t) e 2 sin(1?) + 21[2i cos(t2)]

[by FTCI and the Product Rule|

H 2 cos(t?) . 2 cos(t?) 2 2

li - . 1 . .
o beos(i2) — 2% sin(i?) + 2 cos(i?) o 3 cos(i?) — XH2ain(t?)  3-0 3
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