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61. Limits of integration: x =4 —4y?andx = 1 — y*
= 4-dy’=1-y' = y* —4y?+3=0

= (y=V3) (y+V3) 5 - Do+ D=0 = c= -1
andd = Isincex 0;f(y) — g(y) = (4 — 4y?) — (1 —y?)
=3—4y’+y' = A:£1](3—4y2+y4)dy

_ at vt 4, 1) _ 56
= By-4+%] =26-4+h) =%

62. Limits of integration: x =3 —y? and x = _Y4_2
2 2
=3-y=-%5 = F-3=0=30-20+2)=0

= c¢=—2andd =2;f(y) — g(y) = (3 —y?) — (74{;)

3(1-9) = a3 =3 5],

S R Y I A

63. a=0,b =7 f(x) — g(x) = 2 sin x — sin 2x
= A:L(Zsinx—sinzx)dx: [_2005X+%]g
=[-2-D+3] - (-2-1+3) =4

51 (x) — g(x) = 8 cos x — sec’ x
/3 y=8cos x
= Azf (E§COS)(—se:02x)dx:[Sisirlx—tanx]i/j’/3

/3

= (8- 9 -V3) - (-8-L+V3) =63

oy
N
b
I
|
w3
o
I

Ay=(secx)?

X

-4::/3 I 1:./3

65. a=—1,b=1;f(x) — g(x) = (1 — x?) — cos (2
1 3 1
:>A:Lﬁl[lfofcos(%)]dx:[xf%f%sin(%)] 1

S(-§-3) - (e —2(-Y -t

™

66. A =Al1+ A2
a;=—1,by =0anda; =0,by = 1;
1 1 2 2 =) y=sin (xx/2)~ Yex

fi(x) — g1(X) = x — sin (%") and fy(x) — g2(X) = sin (7

= by symmetry about the origin,
1 -1 1
AL+ Ay =2A, = A:Zj; [sm(%) —x] dx

Copyright © 2010 Pearson Education, Inc. Publishing as Addison-Wesley.
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67.

68.

69.

70.

71.

72.

Chapter 5 Integration

a=—72,b=7;f(x) — g(x) = sec? x — tan*x
/4

= A= £/4(sech—tangx) dx

/4
= j: /4[se02x — (sec?x — 1)] dx

/4
— — T4 x Ty _ T«
= f,ml k=T, =5 (-5 =3
c=—71,d=5:f(y)—g(y) =tan’y — (—tan’y) = 2 tan’ y

/4
=2(sec’y—1) = A= ﬁﬂ/42(seczy71)dy

= 2ftany —y17, = 2[(1- ) = (~1+5)]
=4(1-3)=4-n

c=0,d=3;f(y) —g(y) =3siny,/cosy — 0 =3siny,/cosy y )
2 " | 3s|ny\/

= A= 3f sin y,/cos y dy = —3 [2 (cos y)*/?] | e,
0 [3 ]0 4’,%;,’/%?"///’ ”

A
=-20-1)=2 W
x
a=—1,b=1;f(x) — g(x) = sec? (%")—xl/3 y
l .
= a= [ e (3) — x5 ax = [Fan (%) - 1609 /
WA J e y=(sed(ax/afd
- <E V3- Z> a [; (_\/g) B Z} ~ ,/y/?{/’/%%é
Z /5//// y=x1/3
x
a1
A=A +A

Limits of integration: x =y?andx =y = y =y’
=y -y=0=yy-Dy+D=0=c=-1d =0
and ¢y = 0,dy = 1; fi(y) — gi(y) = y* — y and

f2(y) — go(y) =y — y° = by symmetry about the origin,

111

1 , _’
A+ Ay =2A9 = AZZj:)(y—y3)dy:2|:y7_yT:|o

SICEDEE

A=A+ A
Limits of integration: y =x3andy = x% = x* =x°
=x-x=0=x-Dx+1)=0=a=-1,b,=0

and a; = 0, by = 1; f1(x) — g1(x) = x> — x° and
fo(x) — ga(x) = x° — x

! 1
A+ Ay =2Ay = AZZJ;(XB_X5)dX:2|:XT4—%i|

0
—2(-9 -1

= by symmetry about the origin,
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73. A=A+ A y

Limits of integration: y =xandy =& = x= 5, x#0  y=1/z2

x2

= x*=1=x=1,1K)-gX®=x-0=x

1 1
= A= [ xax= %], = b a0 =%-0

X

\
bl
N
>
o
Il
- (8]
bl
N
o
>
Il
|
—
Il
\
ol
+
—_
Il
Lol

74. Limits of integration: sinx =cosx = x=% = a=0

and b = 7; f(x) — g(x) = cos x — sin x
/4
= A= fo (cos x — sin x) dx = [sin X + cos x]g/4

= (L+2)-0+n=v2-1

75. (a) The coordinates of the points of intersection of the

line and parabolaarec = x> = x = +,/candy =¢

(b) f(y) —g(y) = /¥y — (—/y) =2,/y = the area of the
lower section is, A, = j; C [f(y) — g(y)] dy

:21; VY dy =2 [5y¥?] = 5 ¢¥2 The area of the

307

entire shaded region can be found by setting ¢ = 4: A = (%) 4%/ = 48 = 32 Since we want ¢ to divide the region
into subsections of equal area we have A = 2A, = 3 =2(%¢%?) = c=4%/3
© fX)—gx)=c—x2 = A ffﬁ [f(x) — g(x)] dx = f\ﬁ(c—XQ)dxf [cxf"—s} v, {c3/27 ﬁ}
g - L — *\ﬁ g - 7\ﬁ - 3 *\ﬁ - 3
= % ¢%/2. Again, the area of the whole shaded region can be found by settingc =4 = A = % From the

condition A = 2A,, we get % 3?2 = %2 = ¢ = 4%/ as in part (b).

76. (a) Limits of integration: y =3 —x?andy = —1
=3-x(=-1=x2=4 = a=-2andb=2;
f(x) —gx) = (3 —x*) = (=) =4 —x*
2 2
— 2 _ x3
= A—jiz(4—x )dx = [4x—?}72
(-9 - (s+Y 16— =3
(b) Limits of integration: letx =0iny =3—-x2
= y=31fy) —gy)=v3-y—(—/3—Y)
=23 -y
3 3 51 3
_ _ _ 2(3_ )32 _ «
= a=2f a-yay=-2 [ 3-pnay =2 [227] = (-4 -6+
MOLEE:
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77. Limits of integration: y =1 + ﬁ andy = %

= l+\/§:%,x;&0 = /X+x=2 = x=(2-x)
= x=4—-4x+x2 = x2—-5x+4=0

= x—4)x—-1)=0 = x=1,4 (but x = 4 does not
satisfy theequation);y:%andyzi = %:ﬁ

= 8=x/x = 64=x> = x=4.

Therefore, AREA = A; + Ay: fi(x) — g1(x) = (1 +x1/2) —

! 1
= A1:j; (14+x1/2—2)dx = [x+%x3/2—x§2]0

X
4

4 5,14
=(1+2-H-0=THx -gpr =221 -%= A:):fl (2712 — 5) dx = [4x1/?— Xg}l
_ 16 1y 15 _ 17. _ _ 37 17 _ 37451 __ 88 __ 11
=(4-2-18)—(4—-3%) =4- 2 = Y Therefore, AREA = A; + Ay = 37 + ¥ =3T3 =88 _ 11

78. Limits of integration: (y — 1)) =3 -y = y? -2y +1
=3-y=¥y-y-2=0=(y-2Fy+1)=0
= y =2sincey > 0;also,2,/y =3 —y
= dy=9—-6y+y> = y’—10y+9=0
= -9y —-1)=0 = y=1sincey =9 does not
satisfy the equation;
AREA = A, + A,

fi(y) — gi(y) = 2,/y — 0 = 2y!/2

1 7 1
= Alzzfoyl/2dy:z[2y3£}0:g; fy(y) — g2(y) = B —y) — (y — 1)?

2
2
> A= [ By -Ddy =[Py -y - do- D= (6-2-1) - (3-4+0)=1-14i=1T
Therefore, A1 + Ay = % + % = % = %
79. Area between parabola and y = a’: A:2f0 (a2 — x?) dx =2 [a’x — 1 %°] 2<a3—%3) —0 =4

0

Area of triangle AOC: 1 (2a) (a?) = a%; limit of ratio = lin(1)+ ( 483)
a— 3

= 2 which is independent of a.

80. A= j;be(x) dx — j;bf(x) dx = 2j;bf(x) dx — j;bf(x) dx = j;b fx)dx =4

81. The lower boundary of the region is the line through the points (z, 1 — z>) and (z +1,1—(z+ 1)2>. The equation of this
(1-z+ 1)) - (1-2) (x

lineisy — (1 —2%) = P —1)=—-2z+1)x—-1)=y=—2z+ )x+ (" +z+1).
z+1
The area of theregion is given by f (1=x3) = (—(z+ Dx+ (22 +z+1)))dy

z+1
z

z+1
= f (—x+ (2z+ 1)x — 2> — z)dy = [—3x* + (22 + 1)x? — (2* + 2)x]
= (—%(14— )’ +102z4+1)(z+1)° — (2 +2)(z+ 1)) — (=12 + 122+ 1)22 — (2> 4+ z)z) = L. No matter where we
choose z, the area of the region bounded by y = 1 — x? and the line through the points (z, 1 — z*) and

(z+ ,1—(z+ 1)2) is always ¢.

82. Itis sometimes true. Itis true if f(x)  g(x) for all x between a and b. Otherwise it is false. If the graph of f
lies below the graph of g for a portion of the interval of integration, the integral over that portion will be
negative and the integral over [a, b] will be less than the area between the curves (see Exercise 71).
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83. Letu=2x = du=2dx = %du:dx;x=1 = u=2,x=3=u=6

3 6 6
J:%%dx:]lE;@d@:iﬂﬂ%duzwmﬂ?:HQfFﬂ)

84. Letu=1—x = du=-dx = —du=dx;x=0=>u=1,x=1=u=0

j;lf(l —x)dx = j:of(u) (—du) = —flof(u) du = f;lf(u) du = j;lf(x) dx

85. (@) Letu=—x = du=—-dx;x=—-1 =>u=1,x=0=u=0
0 0 0 0 1
fodd = f(—x) = —f(x). Then Lﬁ]f(x) dx:j:f(—u)(—du):j: —f(u) (—du):fl f(u) du:—j; f(u) du
=-3
b) Letu=—x = du=—-dx;x=—-1 = u=1,x=0 = u=

0
feven = f(—x) = f(x). Then fjf(x) dx = flof(fu) (—du) = fflof(u) du = folf(u) du=3

0
86. (a) Consider j: f(x) dx whenfisodd. Letu = —x=du=—-dx = —du=dxandx=—-a=u=aandx =0
0 0 0 a a
= u = 0. Thus iuf(x) dx = f. —f(—u)du = f; f(u) du = —j; f(u) du = —j; f(x) dx.
a 0 a a a
Thus j: f(x)dx = j: f(x) dx + j; f(x) dx = —j; f(x) dx + j; f(x) dx = 0.

/2
(b) j:msin x dx = [—cos X]i/fp = —cos () +cos(—5)=0+0=0.

87. Letu=a—x = du=—-dx;x=0 = u=ax=a =>u=0
- fﬂ fode fo faw gy = f“ fa—wdu fa fla—x) dx
T Jo f)+fa—x) — J, fla—u)+f(u) — Jo fwtfa—u) — Jo f(x)+fa—x)

" fwax iawdx _ [Mforfax) g0 [ rete e
= I+1I= fo ta—x j; Otfa—x fo ) Fia—x) 9X = j; dx=[]j=a-0=a

Therefore, 2l =a = 1= 5.

88. Letu= % = du=—-3dt = —Xiydu:%dt = —%du:%dt;t:x = u=y,t=xy = u= 1. Therefore,

Jora= o= [a= [Tia= e

89. Letu=x+¢c = du=dx;x=a—-c => u=a,x=b—c = u=>

ﬁjm+@mzﬁkwwzﬁwm@

90. (a) (b) .Y () = sinx ()

fx + 1) = (x +1)2 os

309

1 1
f(x)-xz /
— + + X ¥ X 4 —
1

-1 1 .1 z x

2 .4 .4 s
l(x+2)-sm(x+2)
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91-94. Example CAS commands:
Maple:

f:=x ->x"3/3-x72/2-2%x+1/3;
g:=x->Xx-1;
plot( [f(x),g(x)], x=-5..5, legend=["y = f(x)","y = g(x)"], title="#91(a) (Section 5.6)" );
ql ==[-5,-2,1,47]; # (b)
q2 = [seq( fsolve( f(x)=g(x), x=ql1[i]..q1[i+1] ), i=1..nops(q1)-1)];
for i from 1 to nops(q2)-1 do #(c)
area[i] := int( abs(f(x)-g(x)),x=q2[i]..q2[i+1] );
end do;
add( areal[i], i=1..nops(q2)-1); #(d)

Mathematica: (assigned functions may vary)

Clear[x, f, g]

f[x_] = x* Cos[x]

glx 1=x> —x

Plot[{f[x], g[x]}, {x, =2, 2}]

After examining the plots, the initial guesses for FindRoot can be determined.

pts = x/.Map[FindRoot[f[x]==g[x],{x, #}]1&, {—1, 0, 1}]
il=NIntegrate[f[x] — g[x], {x, pts[[1]], pts[[2]]}]
i2=NIntegrate[f[x] — g[x], {x, pts[[2]], pts[[3]]}]

il +1i2

CHAPTER 5 PRACTICE EXERCISES

1. (a) Each time subinterval is of length At = 0.4 sec. The distance traveled over each subinterval, using the

midpoint rule, is Ah = % (Vi + Vip1) At, where v; is the velocity at the left endpoint and v;,, the velocity at
the right endpoint of the subinterval. We then add Ah to the height attained so far at the left endpoint v; to

arrive at the height associated with velocity v;,, at the right endpoint. Using this methodology we build
the following table based on the figure in the text:

t(sec) [0{04|08 (12| 16|20 |24 28|32 |36|40 |44 |48 |52 |56/| 6.0

v(ps) | O] 10 | 25 | 55 | 100 | 190 | 180 | 165 | 150 | 140 | 130 | 115 | 105 | 90 | 76 65

hdt)y [0 2 | 9 [ 25| 56 | 114 | 188 | 257 | 320 | 378 | 432 | 481 | 525 | 564 | 592 | 620.2

t(sec) | 64 | 68 |72 76 | 80
v(ps) | 50 | 37 | 25 | 12 0
h(ft) | 643.2 | 660.6 | 672 | 679.4 | 631.8

NOTE: Your table values may vary slightly from ours depending on the v-values you read from the graph.
Remember that some shifting of the graph occurs in the printing process.
The total height attained is about 680 ft.

(b) The graph is based on the table in part (a). h (feet)

700
600
500
400
300
200
100

of 2 4
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2. (a) Each time subinterval is of length At = 1 sec. The distance traveled over each subinterval, using the
midpoint rule, is As = % (vi + viy1) At, where v; is the velocity at the left, and v;,, the velocity at the
right, endpoint of the subinterval. We then add As to the distance attained so far at the left endpoint v;
to arrive at the distance associated with velocity v;,, at the right endpoint. Using this methodology we

build the table given below based on the figure in the text, obtaining approximately 26 m for the total
distance traveled:

t (sec) 0 1 2 3 4 5 6 7 8 9 10
v(m/sec) | O 0.5 1.2 2 34 | 45 | 4.8 4.5 3.5 2 0
s (m) 0 025 | 1.1 27 | 54 | 935 | 14 |18.65|22.65| 254 | 264
(b) The graph shows the distance traveled by the N
moving body as a function of time for e
0<t<10. 20
15]
10
5]
a 2 4 6 8 ot
10 a 1 10 1 1 10 10 10
3@ Y F=1 2 a=5(-2)=—3 b > (b—3a)= > b -3 > a=25-3(-2)=31
k=1 k=1 k=1 k=1 k=1
10 10 10 10
© > (@+b—-D= > a+ > b— > 1=-2425—-(1)(10)=13
k=1 k=1 k=1 k=1
10 s 10 s 10 s
@ >, (i_bk): Y 3— > b=3(10-25=0
k=1 k=1 k=1
20 20 20 20 20
K=1 K=1 K=1 K= K=1
20 20 20
© 3 (3-%)=3 3-75 b=320-7(N=8
K=1 k= K=1
20 20 20
@ > (a—-2)= > a-— 2=0-2(20) = —40
k=1 k=1 k=1

5. Letu=2x—1 = du=2dx = %du:dx;x:l = u=1,x=5=u=9

’ 1/2 121 1/219
fl(Zx—l)_/ dx:flu_/ (§du):[u/]1:3—1:2

6. Letu=x2—1 = du=2xdx = %du:xdx;x:l = u=0,x=3 = u=28

3 8
flx(xtl)l“dx:foulﬂ(%du): [Bu¥3]" =216 -0)=6

Letuz% = 2du=dx;x= -7 = u:—%,x:O = u=0

ficos (%) dx = fom(cos u)(2 du) = [2 sin u](;r/2 =2sin0—2sin(—3) =200—(-1) =2

. Letu=sinx = du=cosxdx;x=0 = u:O,x:g = u=1

j:/z(sin x)(cos X) dx = folu du = [“;} (1) = %
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o @ [ foa=1 [ 3ma=1a2-4 o [t = [fwax— [ =6-4=2
(c) 1;7 gx)dx = — j‘,gg(x) dx = -2 (d) Jiz(_'/T gx)dx = —7 j:zg(x) dx = —m(2) = =27
(e j‘;(%) dx = %ijzf(x) dx + %Lf;g(x) dx = %(6) + %(2) — %

10. (a) fog(x)dxz 7 f07g(x)dx= 1 =1 (b) j: g(x)dx = j(;g(x)dx— j;g(x)dx: 1—2=-1
© Jroa=— [l o= @ JIVaroa=va [ ax= vam =2
(e) j:[g(x) = 3f(x)]dx = j:g(x) dx — 3f02f(x) dx = 1 — 37

I1. x2—4x4+3=0=> x-3)x—-1)=0 = x=3 orx=1;

y
1 3 3
Area:fo(x2—4x+3)dx—j:(x2—4x+3)dx
s N PR 3 2 f(x) =X° —4x+3
= {%—2}( —|—3x}0— [%—2)& —|—3X]1
il

_ K% 201 + 3(1)) - 0}

~ (3202 +33) — (5 — 202 +30)] . N 7

— (4D -- ()=}

221-2=0=4-x2-0= x= +2;

Area:fi( —%) dx_f23( _XZZ> dx 0-5*62/4)
L e —

=
<

8- ()RR T
—[3-(-91-G-9=% :

13.5-5x3 =0 = 1-x*3=0 = x= +1;

Area = L/ill (5 - 5)(2/3) dx — Ll:x(s 3 5X2/3) dx /5\
= [5x = 33| — [5x - 3¢/
[(5(1) = 3(1%2) = (5(=1) = 3(=1)°*)] s
= [(56®)=3@%) = (5(1) = 3(1)°7)]
=[2—(—=2)] — [(40 — 96) — 2] = 62

b3

easnsonsasasansssssonsonsssnsslD)

4. 1-/x=0= x=1;

area= [ (1= R de— [ (1- %) dx .

:[X—%Xg/Q]é—[x—%xg/Z]j 0.5 f(X)=1—J;
[(1=52) = 0] = [(4 =3 @) = (1 = 3 (1)*?)] I 2 3 ?x

= 1o (-9 -1 =2 |
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15. f(x) =x, gx) = %, a=1,b=2 = A= fb[f(x) — g(x)] dx

SRS L R R R R

16. f(x):x,g(x):ﬁ,a:l,b:Z = A:j;b[f(x)fg(x)]dx
S o [3-2A

=(5-2v2) - (-9 ==~

17. ) = (1— /X) %, ex) =0,a=0,b=1 = A:fab[f(x)fg(x)]dx:fo](lf\/E)de:j;](

1
:fo (1—2x1/2+x)dx:[x—g—‘x3/2+’;—2];=1—;—‘+§=%(6—8+3):%

f(x):(l—x3)2,g(x):0,a:0,b:1 = A:j;b[f(x)—g(x)]dx:j;l(l—x3)2dx:j;](]—2x3—|—x6)dx

11
Xt X 1,1
_[X 2"’_7}0_1 s t7 =1

19. f(y) =2y, g(y) =0,c=0,d=3
= A= f [f(y) — g(y)] dy = J:, (2y* = 0)dy

3
3
:21; y dy =3 [y’]; =18

20. fy) =4 —y?% g(y) =0,c=-2,d=2

2

= A= [ty —ewidy= [ @4—y)dy

_ 32

=[], =26-9 =32
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i i i o YR y+2
21. Let us find the intersection points: 7 = += ,
= }’2—}’_2:0 = (y—2)(y+1)20 N y=—1
ory=2 = c=-1d=21f(y =" g =%
d ) 2
= A:fc [£(y) — gyl dy = 71(@47%)@
L[ 2 L[y Rk
:Zfl(wrz_y)dyzz{7+2y_?}_1
_17(4 g L e
=B - (o2 ) =3
22. Let us find the intersection points: # — #
=2y -y-20=0 = (y-5)y+4H)=0=y=—-4

ory=5 = c:f4,d:5;f(y):%l6,g(y):#

5

N A=ﬁd[f(y)—g(y)]dy=ﬁ4(¥_%—_4) dy

:lfs(y—i—ZO—yQ)dy:l[ﬁ-i—ZOy—ﬁ}

4 J_, 4|2 3]y

= 1[(B+100—12) — (X~ 80+ %]

=1 (3+180-63) =5 (3+117) = O+234) =32

23. f(x) =x,g(x) =sinx,a=0,b = g
b i
= A= f [f(x) — g(x)] dx = fo (x — sin x) dx

; /4
rremd = (58)

24, f(x) = 1,g(x) = [sinx|,a= —F,b=7F
b /2
= A= fa [f(x) — g(x)] dx = ﬁﬁ/z(l — |sin x|) dx

0 /2
= Lﬁ /2(1 + sin X) dx + j; (1 — sin x) dx

/2
:ZJ; (l—sinx)dx:2[)(—i—cosx]g/2
:2(%—1) =r-2

25. a=0,b =, f(x) — g(x) = 2 sin X — sin 2x

= A:j:(2sinx—sin2x)dx: [—2cos x + 2] |
=[2-(-D+i - (-2-1+ 1) =4
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/3
= A= f /3(8 cos x — sec?x) dx = [8 sin x — tan x]i/j/?)

7
’/

-«:/3 ! x‘/3 X
27. f(y) = /¥, g0 =2 —y.c=1,d=2
:A:ﬁ%w%gmw:fnﬁ—awﬂw
= [(a-renay =y ooy
=(%ﬁ—4+2)—(%—2+%)Z%ﬁ—%=8@_7 N

28. f(y):6_y’g(}’)=y2,c:1,d:2 y
ﬁ”Azﬁ mw—gwmy:jk6_y_fﬁw

—l6 ¥y Y32_1228 6_1_1 2
= y_7_?1_( —2-%)-(6-3-3)
_ 7,1 241443 13 1
=4-35+3 s =%
| ' x
1 4 5
29. fx) =x3-3x> =x’(x—3) = /X)) =3x2—6x=3x(x—2) = ' =+++ | ———— | +++
0 2
3 3
= f(0) = 0 is a maximum and f(2) = —4 is a minimum. A = —fo (x? —3x?)dx = — [’% — xﬂ = (i—l —

30. A:foa(alﬂ—xlﬂ)zdx:j:(a—Z ax1/2+x)dx: {ax—g—‘\/ax3/2+%2]z:a —g\/a-a a-i-a;

= (1-3+3) =56-8+3)=%

1
31. The area above the x-axis is A} = j; (y¥? —y) dy

3y5/3 y? 1 1 L.
=% -5 =15 the area below the x-axis is
0

2

0 2/3 3y%/3 y 0 1
Av= | -y dy= 2 5] =

1

—_

[=)

= the total area is A; + Ay = ¢
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/4
32. A:fo (cosx—sinx)dx+f (sin X — cos x) dx y

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Chapter 5 Integration

5m/4

/4

y=sinz

37/2
+ j; » (cos X — sin X) dx = [sin X + cos x]g/4
I,

+ [—cos X — sin x]f:/rf + [sin X + cos x]gyi

_ [(§+§)—(0+1)]+[(§+§)—(—72—72)]
+l1+0- (- E-2) =2 -2=4/2-2 o3

X 1
y:x2+fl%dt:> $o2x+l= j%:z—é;y(l):ufl Ldt=1landy()=2+1=3

y:f:)x(1+2\/sect) dt = £ =1+2y/secx = %:2(%) (sec x)~/2(sec x tan X) = 4/sec x (tan x);
0
x=0 = y:f(.J (1+2\/sect) dt=0andx =0 = %21—1—2\/5600:3

X

X S
y:ﬁ%dt—3 = %:Si“;x:S = y:j;S‘T“‘dthZfS

X -1
y:£1\/2—sin2tdt+280that%:\/2_31n2x;x:_] = y:jil 1/2_sin2tdt+2:2

Letu=cosx = du= —sinxdx = —du=sinxdx

2

f 2(cos x)"1/2 sin x dx = f 2u~Y2(—du) = -2 f u2du= -2 (”11’/2) +C=—4u'/? + C = —4(cos x)'/2 + C

Letu =tan x = du = sec? x dx

f(tanx)‘?’/2 sec2xdx:fu‘3/2 du=2"2 4 C=-—2u!24C= @ +C

-9 (tan X

Letu=20+1 = du=2df = %du:dﬁ

f[29+1+2cos(29+1)]d9: f(u+2cosu)(% du) :‘1;+sir1u+c1 = MJrsin(zaJrl)ch1
= 0%+ 0 +sin(20 + 1) + C, where C = C; + 1 is still an arbitrary constant

Letu=20—7 = du=2df = {du=df

f(\/2}9—7w+256c2(29—7r)) dﬁzf(\/i;—l—Zsec?u) (%du):%f(u_1/2+25602u) du

=1 (#) +1Qanu+C=u2+tanu+C= 20— M2 +tan (20 — ) + C
2

f(t—%) (t+%)dt:f(tQ—;%)dt:f(tQ—M‘?)dt:?—4(%)+C=§+%+C

f“l{#dt:f‘zj—ftdt:f(éh%)dt:f(t—2+2t—3)dt:%+2(%)+C=—%—§2+c

Letu = 26/2 = du = 3\/tdt = ldu=\/tdt
f\ﬂsin (2t3/2)dt = %fsinudu o —%COSH—I—C — —%COS(2t3/2) +C
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44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Chapter 5 Practice Exercises
Letu =1+ sec § = du = sec § tanf df = fsec 6 tanf /1 + sec 0 df = ful/Qdu = 2032 4 C=2(1 +sech)’? +C
: 1
L(3x2 —Ax T dx = [}P - 2+ Tx) L = (18— 2102 + 7)) = [(= 1) — 2(=1)? + 7(~1)] = 6 — (—10) = 16
: 1
fo (8% — 1257 + 5) ds = [2s* — 4s% + 58]} = [2(1)* — 4(1)* + 5(1)] —0 =3
2
_ 02 _
Jra=[arra=ai= (3 - (5 =2
27
[ s ax = [—3x1) T = 3@y 18 - (<31)71%) = <3 (3) +3(1) = 2
4
dt _ -3/2 1214 _ =2 _ (=2
flm_.t”_flt/dt [—2c12] | = Fo A=l
Letx—l—l—\/_ = dx— ly-12qu = 2dx—7;u:1 = x=2,u=4 = x=3

4 1/2 3
fi%%*mzﬁﬂﬁwm:p@3ﬂ = 1@ -1 =4V3- V2= (3V3-2v2)
Letu=2x+1 = du=2dx = 18du=36dx;x=0 =>u=1,x=1 = u=3
Sy ot = [ o= [ (07 = () - () =

Letu=7—-5r = du=-5dr = —i{du=dr=0=u=7r=1= u=2

1 1 2
[ st = [ a—somar [ uws (o) =~ L k)2 = 1 (V- v2)

Letu=1-x2=du=-2x1dx= -3du=xdx;x=f=u=1- (%)2/3:%,X:1:>u:1—12/3:0

1 0

Z1/3 (1 42/3)3/2 :f 3/2( 3 :{,g (g)]o 1305210 3 a2 (3 (3)%/2
S a-em o= [wn e = [0 ()], = 3R, = - 107 - (-3 ()
_21V/3
= 160
Letu=1+9%* = du=36xdx = ;zdu=x3dx;x=0 = u=1,x=3 = u:1+9(%)4:%

12 25/16 25/16

—3/2 _ w1 1 /97 25/16

f; x? (14 9x%) /dX=£ u 2 (& du):{%(—z)}l = [-FHu ]
_ 1 1/2 1 - _ 1
__ﬁ(le) ( ﬁ(l) 1/2)_9*0
Letu=5r = du=5dr = {du=drir=0 = u=0,r=7 = u=>57

s S5t

. : u sin 2u] 97 T sin 107 sin 0 T
Jsinsear= [ sinu) (3 au) = 23 - )7 = (5 smior) (0 50) = 3
Letu=4t—7 = du=4dt = jdu=dt;t=0 = u=—5,t=%5 = u=3

/4 3r/4

T _ _ sin2u]37/4 _ 3r sin (%) s sin (= 5)

J et @ mya= [ o) (o) = s b ot (3 ) 4 (g g
“ihthet
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m/3
57. fo secQGdﬁz[tanﬁ]g/gztangftanO: V3

3n/4
58. j;/4 csc? x dx = [—cot x]i%4 = (—cot ) — (—cotF) =2

59. Letu:% = du—ldx = 6du=dx;x=7 = u=¢2,x=31 = u=73

37 7r/2
L[; cot? 2 dx = e 6cot2udu—6f (csc®u — 1) du = [6(— cotu—u)];%—6( cotZ —7)—6(—cot I —1)
=63 —-27

60. Letuzg:>du:%d0:>3du:d0'9—0:>u:0 f=7 =>u=1%
j;tan2§d9:j; (sec? & — dﬂ—f 3 (sec u—l)du—[Stanu—Su]T/?’ [3tan§ —3(5)] —(Btan0—0)

=3y3—7

0
_ 0 _ T\ _
61. j:msecxtanxdx—[secx]iﬁ/3—seCOfsec(fg)—172_71

3n/4
62. .[—./4 csczcotzdz = [—cscz]ijf =(—csc¥) —(—csc ) = —V2+v2=0

s

63. Letu=sinx = du=cosxdx;x=0 = u:0,x:§ = u=1

/2 1
fo 5(sin x)*2 cos x dx = fo 5632 du = [5(2) u®2] | = [2u7/2] ) = 2(1)"/2 — 2(0)°/% = 2

64. Letu=1—-x> = du=—2xdx = —du=2xdx;x=-1 = u=0,x=1=u=0

f‘ . 9 f‘) .
712xsm(1—x)dx: , ~sinudu=0

65. Letu = sin 3x = du = 3 cos 3x dx = 1 du—cos3xdxx———:>u—sm( %;):l,x:gﬁu:sin(%‘):—l
/2
1/215 sin43xcos3xdx:j: 15u* j: 5ut du = [u’]] :(—1)5—(1)5:—
2
66. Letu:cos(%)édu—f%sm()dxé 2du_s1n(§)dx;x:0:>u:cos(g)zl,x:%ﬂéu:cos(%):%

(S]]

JORESTORESICERES

/3 iy e s 1/2 » -3 1/2
fo cos™* (%) sin (3) dx = j: u(=2du) = [*2 (Tg)]l
67. Letu:1+3sin2x:>du:6sinxcosxdxé%du:3sinxcosxdx;x:0:>u:I,X:§éu:1+3sin2324

/2 4 4 ) 4
3 sin X cos X 1 1 _ 1. .- _ |1 (w2 _ 4 _
A N Y ) N e ey

68. Letu:1+7tanx:>du:7secZXdX$%du:secZde;x:Oéu:1+7tan0:1,x:§
u=1+7tan} =8

/4 8 8 8
secx _ 1 (1 _ 1,-2/3 3y — |1 (u'/3 _13,1/318 _ 3 \1/3 _ 3 /1n\1/3 _ 3
fo A7 X = J, um(7du)—j: 7u /d“—{7(%)}1—[7“/]1—7(8)/ s =3
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69.

70.

Chapter 5 Practice Exercises

Letu=sect = du=secfltanf0df;0 =0 = u=sec0=1,0=5 = u=sec =2

/3 /3 /3 2
tan 0 do = f sec 6 tan 6 do = sec 6 tan 0 _ f — f u—3/2 du
0 /2sech 0 sech+/2sech 0 ﬁ(sec 0)32 \/5 3/2 1

ﬁ[ﬁiéﬂf—[—fﬂf?ﬁ—f(—ﬁ):ﬁ—l

Letu = sin \/t = du:(cos\ﬂ) (1172 dt:“;\/dt = 2du—C°i/\/dt t-% = u=sinf=1,

2 .
t=7 = u=sing =1

2/4 ‘ 1 o 1
j;l/% Cto;nzf\tﬂ at= j‘l/z ﬁ (2 du) =2 j:/z u™!/? du = [4\/6] 1/2 = 4\/1_4\/g =2 (2 B \/5)

319

1 1
71 @ av(h) = L (mx + b) dx = 1 [“‘T +bx} =} [(% +b(1)) - (@ +b(—1)>} —1@b=b
¢ 2 K m(k)? m|
®) avid) = —p [ mx+bydx= 4 (x| = (M52 4 b00) — (M52 4 bk | = 5 @bk =
3 3 3
72 @ yo =525, Vanax =1 [ V/Ex2 = B [2x02)) = L [2@p2 - 2072 = 4 (2v3) =
®) yu =15 j; ax dx = %fo(\/axlﬂ dx = ? 3 x3/2]3 = ? (3@?%? - 2(00?) = X2 (2a,/a) = %a
b
73. ! = (x)dx = blfa [fx)] = ﬁ [f(b) — f(a)] = M so the average value of f’ over [a, b] is the
slope of the secant line joining the points (a, f(a)) and (b, f(b)), which is the average rate of change of f over [a, b].
b
74. Yes, because the average value of f on [a, b] is bla f f(x) dx. If the length of the interval is 2, thenb —a =2
b
and the average value of the function is % f f(x) dx.
75. We want to evaluate
1 365 365 ) 9 365 25 365
oo, fdx= %f <37sm[ﬁ(x - 101)] + 25) dx = 2% 51n[365( 101)] dx + 3¢ dx
Notice that the period of y = sin [ aos (X — 101)] is 2T = 365 and that we are integrating this function over an iterval of
365
365 365
length 365. Thus the value of 365f sin [365( —101) ]dx + 32605f dx is 365 -0+ 32650 365 = 25.
675 L7675
76. mfm (8.27+ 107°(26T — 1.87T%))dT = {8 27T + LT — L57 LO
_ 26(675 1.87(675) 26(20)*  1.87(20)° 1
- L <[8 27(675) + 00T _ LST0T) } [8 27(20) + XE)° _ 18700 D ~ 5k (3724.44 — 165.40)
= 5.43 = the average value of C, on [20, 675]. To find the temperature T at which C, = 5.43, solve
5.43 = 8.27 + 1075(26T — 1.87T?) for T. We obtain 1.87T? — 26T — 284000 = 0
2 — —
T 2 g B 20 23I0% g6 T = 38282 or T = 396.72. Only T = 306.72 lies in the
interval [20, 675], so T = 396.72°C.
77. % = /2 + cos?x
78. g—i = /2 +cos?(7x2) - {£(7x?) = 14x/2 + cos’(7x?)
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80.

81.

82.

83.

84.

85.

86.

Chapter 5 Integration
d X
b= g () ) - 5%

2 sec X
dy _ d 1 __d 1 _ 1 d __ _ secxtanx
dx T dx (ﬁecx t2+1dt> RS <j; t2+1dt> T sec’x+1dx (SCC X) T l+4sec’x

Yes. The function f, being differentiable on [a, b], is then continuous on [a, b]. The Fundamental Theorem of
Calculus says that every continuous function on [a, b] is the derivative of a function on [a, b].

The second part of the Fundamental Theorem of Calculus states that if F(x) is an antiderivative of f(x) on [a, b], then

b 1
f f(x) dx = F(b) — F(a). In particular, if F(x) is an antiderivaitve of v/ 1 + x* on [0, 1], then j; vV 1+ x%dx
— F(1) — F(0).

1 X . )
y= [VirRa= - [ViTea s g =g [ [ Vivea] - [ vivea] - Vi

0 €os X cos X cos X
— 1 _ 1 dy _ d 1 __d 1
y_uﬁosx 1-¢ dt__‘l; 1-¢ dt = dx T dx |:_L/:) [ dt:| T |:‘/(; -2 dt:|

= = (o) (& Cos ) = = () (= sinx) = G = esex

We estimate the area A using midpoints of the vertical intervals, and we will estimate the width of the parking lot on each

interval by averaging the widths at top and bottom. This gives the estimate
Axl15- (0+236 + 36;54 + 54;51 + 51+249.5 + 49‘52+ 54 54+264.4 + 64.4-567.5 + 67.52—0—42)

A ~ 5961 ft>. The cost is Area - ($2.10/ft?) ~ (5961 ft?) ($2.10/ft?) = $12,518.10 = the job cannot be done for $11,000.

(a) Before the chute opens for A, a = —32 ft/sec’. Since the helicopter is hovering, vo = 0 ft/sec
= v= [ —32dt= 32+ vy = —32t Thens = 6400 ft = s = [ —32tdt = —16¢+ sy = — 16t + 6400.
Att =4 sec, s = —16(4)? + 6400 = 6144 ft when A's chute opens;

(b) For B, sy = 7000 ft, vo = 0,a = =32 ftfsec? = v= [ —32dt=—32t+vy = —32t = s= [ —32tdt
= —16t2 4+ sy = —16t2 4+ 7000. Att= 13 sec, s = —16(13)% + 7000 = 4296 ft when B's chute opens;

(c) After the chutes open, v = —16 ft/sec = s = f —16dt = —16t + sy. For A, sy = 6144 ft and for B,

sop = 4296 ft. Therefore, for A, s = —16t + 6144 and for B, s = —16t + 4296. When they hit the ground,
s=0 = forA,0=—-16t+ 6144 = t= % = 384 seconds, and for B, 0 = —16t + 4296 = t = %
= 268.5 seconds to hit the ground after the chutes open. Since B's chute opens 58 seconds after A's opens

= B hits the ground first.

CHAPTER 5 ADDITIONAL AND ADVANCED EXERCISES

1.

2.

1 1
(a) Yes, because j; f(x) dx = 1 fo Mx)dx =1 (7) =1
1 1 9
(b) No. For example, | 8x dx = [4x? ) = 4, but [ v/Bxdx = 2v2 ()] (1) =W () = N2 2\ /s
2

(a) True: szf(x) dx = — j:f(x) dx = -3
(b) True: ﬁz[f(x) + g(x)] dx = ‘ﬂzf(x) dx + j:zg(x) dx = ﬁzf(x) dx + f2 f(x) dx + ﬁzg(x) dx=4+4+3+2=9
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(c) False: szf(x) dx =44+3=7>2= j:g(x) dx = fi[f(x) —gx)]dx >0 = j:[g(x) —f(x)] dx < 0.

5
On the other hand, f(x) < g(x) = [gx) —fx)] 0 = j: 2[g(x) —f(x)] dx 0 which is a contradiction.

3. y= %j; f(t) sin a(x — t) dt = %j; f(t) sin ax cos at dt — 1 j; f(t) cos ax sin at dt

= %f; f(t) cos atdt — <= fo f(t) sinat dt = g—i = cos ax (j; f(t) cos at dt)

+ sinax (% j; f(t) cos at dt) + sin axj; f(t) sin at dt — < <dd—x j; f(t) sin at dt)

= cos ax f; f(t) cos at dt + % (f(x) cos ax) + sin ax fo f(t) sin at dt — < (f(x) sin ax)
= ¥ — cosax J; f(t) cos at dt 4 sin ax j; f(t) sin at dt. Next,

X

327?2' = —asin ax fo f(t) cos at dt + (cos ax) (% fO f(t) cos at dt> + a cos ax j; f(t) sin at dt
+ (sin ax) ( d% j; f(t) sin at dt) = —asin ax j; f(t) cos at dt 4+ (cos ax)f(x) cos ax

+ a cos ax j(; f(t) sin at dt + (sin ax)f(x) sin ax = —a sin ax fo f(t) cos at dt + a cos ax fo f(t) sin at dt + f(x).
Therefore, y” + ay = a cos ax j; f(t) sin at dt — a sin ax j; f(t) cos at dt + f(x)

+a® (% j; f(t) cos at dt — <= j; f(t) sin at dt) = f(x). Note also that y'(0) = y(0) = 0.

y y y
_ 1 d _ d 1 _ d 1 d .
4, x = L/; a0 dt = & (X) = L/; w dt = Ty |:L/:) W dt:| (%) from the chain rule
d d d? d
= 1=l (4) = &= VT4 Then 2 = & (VT+4y) = £ (VT+47) (&)

dy

-1/2 RALE 4y (y/1+4y? 2
=1(1+4y? / (8y) (g—i) = \/1(:432 = y\(/HJ;y._)y) = 4y. Thus STZ = 4y, and the constant of

proportionality is 4.

(a) j; f(t) dt = x cos 7x = %fo f(t) dt = cos mx — mx sin 7x = f(x?)(2x) = cos X — 7x sin 7X

5.
= f(XQ) — coswx—zzxsinﬂ'x' Thus, X=2 = f(4) — cosZTr—427rsin27T — %
) f(x)
® [ ea= (5], = $E00)° = 1) =xcosmx = (f(x))? = 3x cos mx = f(x) = V/3x cos 7x
= f(4) = \/3(4) cos 4m = /12
6. fo f(x) dx = ¥ 4 & sina+ T cos a. Let F(a) = j; f(t) dt = f(a) = F'(a). Now F(a) = & + 2 sina + I cos a
= f(a) =F(@=a+sina+ 3cosa— Jsina = f(%):%—i—%sin%—l—@cos%—gsing:%—1—%—’21:%
b b 71/2 N
7. j:f(x)dx:\/bQJr V2= f(b):%flf(x)dx:%(b2+l) (2b) = b = 1) = 2

8. The derivative of the left side of the equation is: % [ fo [ j; f(t) dt} du} = j; f(t) dt; the derivative of the right

side of the equation is: £ [ fo f(u)(x — u) du] =4 fo fu)xdu— & ﬁ u f(u) du
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322  Chapter 5 Integration

=4 [xfoxf(u) du

— % j;xu f(u) du = j;xf(u) du + x {% j:f(u) du] — xf(x) = j;xf(u) du + xf(x) — xf(x)

= j; f(u) du. Since each side has the same derivative, they differ by a constant, and since both sides equal 0

when x = 0, the constant must be 0. Therefore, j; [ j; f(t) dt] du = j; f(u)(x — u) du.

0. %:3)(2—}—2 = y=f(3x2—|—2)dx:x3—|—2x—|—C. Then (1,—1)onthe curve = 134+2(1)+C=—-1 = C=—4

= y=x>+2x—4

10. The acceleration due to gravity downward is —32 ft/sec’ = v = f —32 dt = —32t + v, where vy is the initial

velocity = v=-32t+32 = s= f (=32t + 32) dt = —16t> + 32t + C. If the release point, att = 0, is s = 0, then
C=0= s=—16t>+32t. Thens =17 = 17 = —16t> + 32t = 16t> — 32t + 17 = 0. The discriminant of this
quadratic equation is —64 which says there is no real time when s = 17 ft. You had better duck.

3 0 3
11. ﬁgf(x)dx:£8x2/3dx+ﬁ —4 dx
= (3] -4

(0—2(=8)°%) +(—4(3)—0) = £ — 12

2 1 2
13. j;g(t)dt:fotdt+j: sin 7t dt

11 )
= {%}O—I-[—%cosm]l

(%—O)—l—[—%cosZW—(—%cosw)]
1
2

_2
m

14. j:h(z) dz:j:\/l—zdz+j:2(7z—6)‘1/3 dz
= [-30 -2+ [0z 67°],
=[50 =D = (=301 -07?)]

+ [Z(72) - 6)*% — 2 (7(1) — 6)*/]

R REE:

& & t

W

W=Vi-z w=(7z-6)1R
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15. f:f(x)dx:f;ldx—f— Lll(l—XQ) dx+f122dx y

= [xI7L+ [x—*ﬂ 1_1+[2x]§ 2 e
— (-1-(-2) + [(1 -5 -(-1- %)] +@-2] 5
=1+3-(-3)+4-2=7% T

16. fjh(r)dr:ﬁirdr+ﬁl(17r2)dr+'ﬁ2dr h h=1

17.

18.

20.

21.

22.

. Let f(x) = x° on [0, 1]. Partition [0, 1] into n subintervals with Ax = 1=0 =

r 0 r ! 2 1
- {7} Lt {r—§}0+[r]1 he1-r2
_ (=D? 15 + > +
_(O—T)+((1—T)—o)+(2—1) - : xr
—prid1=l
h=r

Ave.Value—biaﬁbf(x)dx—ﬁj;zf(x)dx—%[folxdx—i-flz(x—l)dx} :%[%2}1—1—% {X;—xr

0
(50 (- ()
Ave.value:ﬁj;bf(x)dx:;—oj:f(x)dx:%{j;ldx+j;20dx+j:dx] =1[1-0+0+3-2]=12

1 1 2 n
ne Then PEETIRR Earethe
e S\ O
right-hand endpoints of the subintervals. Since f is increasing on [0, 1], U = ) (%) (%) is the upper sum for

00

) =x on(0,1] = lim 3 (5)5(3) = tim L3 () e+ ()] = limy [
- Joeo= 5],

Let f(x) = x3 on [0, 1]. Partition [0, 1] into n subintervals with Ax = 1-0 _ % Then %
3

9 s o

n

right-hand endpoints of the subintervals. Since f is increasing on [0, 1], U = Z (%) (%) is the upper sum for

=1

0 =x'on (0,11 = tim 3 (1) (8) = lim [+ () 4+ (2] = lim, [E2ser]

P— n— oo n n n n— oo n
=
[ow- ] -
= | x*dx=|%| =3
0 {4]0 4

Lety = f(x) on [0, 1]. Partition [0, 1] into n subintervals with Ax = 1;0 = i Then % 2. % are the

00

right-hand endpoints of the subintervals. Since f is continuous on [0, 1], Y f (ﬁ) ( %) is a Riemann sum of

j=

n— oo n

y=tfoon (0.1 = tim 356 (1) (1) = tim L[E() +0(2) o r(2)] = [ foax

1
(1) lim_ n%[2+4+6+...+2n]:nlem %[§+g+g+...+%]:fozxdx:[x2]§:1,wheref(x):2x

on [0, 1] (see Exercise 21)
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B 1
b) lim e 1P 42+ 40P = lim | {(ﬁ)h + (%)10 +.+ (5)15} = j; x1% dx = {%] = ., where
f(x) = x'® on [0, 1] (see Exercise 21)
1
(c) nlem % [sm + sin 27 + ... +sin ';—”] = j; sin nr dx = [f%cosm(]é: 7%COS7T7 (7%0030)

= % where f(x) = sin 7x on [0, 1] (see Exercise 21)
1
(&) lim_ & [199 42 4 .. b = (nllmm %) (nllmm L1154 215 4 +n15]) - (nlim %) fo X1 dx
=0 (%) 0 (see part (b) above)
(e lim o [1P 427 . 40 = lim 5 [1°+2% + ... +n"]

1
= (n lim n) (n lim S (IP+28 4+ n15]) = (n lim _ n) fo x1 dx = oo (see part (b) above)
23. (a) Let the polygon be inscribed in a circle of radius r. If we draw a radius from the center of the circle (and

the polygon) to each vertex of the polygon, we have n isosceles triangles formed (the equal sides are equal
to 1, the radius of the circle) and a vertex angle of 6, where 6, = 2—”. The area of each triangle is

A, % r* sin §, = the area of the polygon is A = nA, ’2 sin 6, = 7 sin 2—”
in (£ sin (£
O jlim, A= lim S sin %= i 5 i = tim (o) T = (), i )=
24. Partition [0, 1] into n subintervals, each of length Ax = 1 with the points xg = 0,x; = 1, x, =2, ... ,x, =2 = L.

The inscribed rectangles so determined have areas
f(xp) Ax = (0)2 Ax, f(x1) Ax = (1) Ax, f(xo) Ax = (2)* Ax, ..., f(x, 1) = (2= ) Ax. The sum ofthese areas
isS, = (02+ O+ (3 4.+ (“;‘)2) Ax = (}l—i +Z 4+ @) LoDy 24 4 @D Then

n n

1
. o 12, 22 m-17%\ _ 2 B _ 1
pmy Sy = lim <n—3+n—3+~~~+T)—j;X dx = 5 = 3.

25. (a) g(1 ff
b) ¢ ff dt=~4(2)(1) = -1
© g L]: f(t) dt = —f f(t) dt = 7r22) -
(d) g( ) =f(x) =0 =x = —3,1,3 and the 51gnchartf0rg’(x) =f(x)is | +++|———|+++.Soghasa
-3 1 3

relative maximum at x = 1.

(e) g'(—1)=1(—1) = 2is the slope and g(—1) = f] If(t) dt = —m, by (c). Thus the equationis y + 7 = 2(x + 1)
y=2x+2-—m.

H g'(x) =1f'(x) =0atx = —1 and g"(x) = f’(x) is negative on (—3, —1) and positive on (—1, 1) so there is an
inflection point for g at x = —1. We notice that g”’(x) = f’(x) < 0 for x on (—1, 2) and g"(x) = f’(x) > 0 for x on
(2, 4), even though g”(2) does not exist, g has a tangent line at x = 2, so there is an inflection point at x = 2.

(g) gis continuous on [—3, 4] and so it attains its absolute maximum and minimum values on this interval. We saw in (d)
that g’'(x) = 0 = x = —3, 1, 3. We have that

g(—3) = f f f(t) =27
I
:f] f(t) dt = —

4
_ _ 1 _ 1
fj;f(t)dtf—l-l—?llf—?

Thus, the absolute minimum is —27 and the absolute maximum is 0. Thus, the range is [—2, 0].
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26.

27.

28.

29.

30.

Chapter 5 Additional and Advanced Exercises

™ X
y:sinx+j;cos2tdt+1:sinx —f cos2tdt+ 1 =y’ = cosx — cos(2x); when x = 7 we have

y =cosm —cos(2mr) = —1—1=—2. And y’ = —sinx + 2sin(2x); when x = 7, y = sin7 + j; cos2tdt+ 1
—04+0+1=1.

B
N—
—~
Sl
—
ol
~—
~—
I
=
\
bl
\
)
~—
I
ol
+
>
Il
>N

ﬂ@:ﬁ}du¢f®:§@@f<

0= | Hadt = 00 = (k) (& 6in0) — (b (& cos ) = 3% 4+ s

€Os X

1 + 1

T cosx sin X

<

1= s = 30 57) (3 ) - (i 57) (3 (1) =55

4

ﬂm:iLH«S—om:¢P@y:@+3x5—@+3»@yx+$)—ns-m(%):@+3x2—m—x6—x)

325

=6-x—x>-5x+x2=6-6x. Thusf'x) =0 = 6 —-6x=0 = x=1. Also,f"(x) = —-6<0 = x=1givesa

maximum.
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NOTES
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