7. We need to choose a closed window narrower than

w3 .
272 to avoid the asymptotes.

[1.6, 4.7] by [0, 16]
8. The graph of F looks the graph in step 7. It would be

. n . . 3z .
decreasing on Py 7 | and increasing on | 7T, > ) with

T 3r
vertical asymptotes at x = 3 and x = o

Exploration 2 The Effect of Changing
ain [ f@e)dt

AV

[-4.7, 4.7] by [-3.1, 3.1}

IV

[-4.7, 4.7] by [-3.1, 3.1]

3. Since NINT (*?, x,0,0) =
4. Since NINT (% x, 5, 5) =

0, the x-intercept is 0.

0, the x-intercept is 5.
5. Changing a has no effect on the graph of y = %J.x f@ dr.
a
It will always be the same as the graph of y = f(x).

6. Changing a shifts the graph of y = ‘[X f(2) dt vertically in

Quick Review 5.4

dy 2 2
1. == 2x=2
cos(x“)e2x =2xcos(x“)

2. % =2(sin x){cos x) = 2sin x cOs X

3. % = 2(sec x)(sec x tan x) — 2(tan x ) (sec? x)

=2sec? x tan x — 2 tan x sec’x =0

Section 5.4

.23 T
dx 3x Tx
5. P 2*In2
dx
6. a _ lx—1/2 R
dx 2 2x
7 Q _ (=sinx)(x)—(cos x)(1) _ X sinx + cos x
" dx %2 x*
8. ﬂ= cost,ﬂ= —sint
dt dt
b _dyldt  cost s
dx dx/dt —sint
9. Implicitly differentiate:

10.

dy dy
D y+r1=2y2
oty Y dx

dy
—(x=2y)=—(y+1
dx(x »=-(y+1
dy_ y+l _ y+l
dx x=2y 2y-x

y__1 1
dx dx/dy 3x

Section 5.4 Exercises

1. E’X=ij"(sin2t)dt=sin2x
dx dx’0
2. dy d J (3t+cost )dt=3x+cosx2
dx  dx?2
x 5 5
3. &_4 (t3—t) dt=(x3—x)
dx dxJo0
b d_[ 1+ dt=v1+e>
dx dx’-2
5, in.[x(tan3u)dt=tan3x
dx dx?0
6. dy d e“secudu=e*secx
" dy _d x1+t  1+x
Tdx dx?T14 0 14x2
8 Q_ij-x 2-sint . 2-sinx
" dx dx?- 3+cost 3+cosx

) 4
9. %:% O ¢ dt=2x &*
2
10. ﬂ=ij.x cot3 tdt:cotx2@=2x cot 3x?
dx dx’6 dx
2 2
w4 st1+u V1425

dx dx u x
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——sueﬂmy&ha&a%ahaﬁ%%—%@p%%hﬁﬂg%————dx—dxﬁ————————

from a; to a, the distance of the vertical shift is J‘ f@ dr
aZ
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dy _ 14sin*(m - x) du 1+sin®(m—x) 3
12. /e T T -1 27. 2—— 2x—Tn|x
dx  1+cos? (T- x) dx 1+cos? (- x) 5 172 [ H]I/Z
dy _4d - 2 :(6—1n3)—(1—1n1)
13. 2= 1n(1+t )dt ——j (1+t )dt 1 5
=In(1+2*)(-1) ‘ =5-In3+In
b d e J o =5-In3—1In2
14, L= [\ o4t dr=—=[ N2t 4141 =5-In6~3.208
dx dxVx dx?7
—1
=—2x* +x+1 Tox 1 Vax
3 28. L 3 dx—[(is}
dy _d 5 cost d =3 cost cosx” du 2
15. st =——[_ = ==
dxdxxt+2 dx?5 <42 x°+2dx
__3x cosx’ =[L](l_9)
x+2 I3\ 3
2 7889
dy d (2 t2-2t+9 d (5212 2149 , © 3m3
16, 2= [, dr=— T "
dx dx95x"  °+6 dx 25 t°+6 )
e x4—10x2+9d_u_(_1)250x5—100x3+90x 29, J.;(x2+\/;)dx=[%x3+§x3/2:l =[%+%)—(O+O)=l
125x°+6  dx 125 x5+6 0
d}’ d 2y, d V. 1, 5 g 2 52 2 _ _
17. jf ( )dr——-EJ.o sm(r )dr 30. [ x 0—5(25\/5—0)—10\/5~22.361
_ sinxdu sinx
—_— —_——— 32
d 2dx 31 [P xS =[-sx5 ] = 1 )3
1 1 2 2
dy d 3?
18. 2= 24 pdp=——1["" |2+ p*|dp o
dx dxj 2 ( ) dx 10 ( ) 32.[ 2"‘ x2dx = 2[ ]2=2[1_%:l=1

du
=—In(2+p =—6xIn(2+9x
( )dx (+5+) 33. j;'sinxdx=[—cosx]{)’=1—(—1)=2

19, dy _ X2 cos 2t dt = cos2x d—+cos 2x* 2du . i
dxdv dx dx 34. ["(1+cosx)dr=[x+sinx];
=3x? cos2x® — 2xcos2x2 0
=(r+0)—(0+0)
20. -dlzij‘?mtzdt—cos x—‘—i——smzxﬂ =m=3142
dx  dxsinx dx dx s
: , 35. [ 2sec?0d0=2[tn6]"
=-—SInx COSZX—COSX smzx 0
21, y= J-xSin3tdt =2(y3-0)
s =23 =3.464
rx
22. y= ) € tantdt 36. J;Zbcsczed9=[—cot0]i%6
23, y= [ In(sins + 5)dr + 3 =3-(-f)
=243 =~ 3.464

X
. y=| 3- dt+4
.y .[_3 cost ar+ 3. Lj/ cscxcotx dx = [—cscx:|3”/4—( V2)-(—2)=0

[ cos? 5 dr —
25,y_j7cos Stdt—2 38. j dsecxtanx dx =4[ secx |FP=42-1) = 4

%.y=[jetars 3. [ (r+1) dr= Y1y P8 .8
' —lr ) r—3r _1-——3— -—3



40. J’: L=y, J:(u"llz ~1)du

Ju
T2 T*
= |:2u u:lo
=(4-4)-(0-0)=0
41. Graph y =2 —x.

[0,3]by [-2,3]

2
2 1
Over [0, 2]: Io (2_x)dx=[2x_5x2]o -9
' 3
3 1 3 1
Over [2, 3]: JZ(Z—x)dx=[2x_§x2} 25_22_5

2

2

Total area = ]2|+ 1)— >

42. Graph y = 34> - 3.

[-2, 2] by [-4, 10]
Over [-2, ~1):

(05 =3)ar=[=3:], =2 (-2)=4

Over [-1, 1]:

J—ll(3x2 “3)‘1" = [xs _3"]1_1 =-2-2=-4

Over[1, 2J: _[12(3x2 ~3)dr=[* —3x]12 —2-(2)=4

Total area = |4|+|—4| +|4| =12

43. Graph y = x*-3x% - 2x.

[0, 21 by [-1, 1]
Over [0, 1]:

Jol(x3 —3x2 +2x)dx = |:i—x4 —x3 +xz:|1 = %_ =

Over [1, 2]:

2
J-z(x3—3x2+2x)dx=[lx4 —x3+x2] =0—l=
1 4 4

Total area = !
4

Section 5.4
44, Graph y = x®—4x.
[~2, 2] by [-4, 4]
Over [-2, 0]:
0

[ (+° —4x)ax = Lo ox2| —o-(ay=4

) 4 >,
Over [0, 2]:

2

J‘Oz(x3—4x)dx=[%x4 —240 - 4-0=—4

Total area = |4| + |~4| =8
45. First, find the area under the graph of y = x2.
1 1,] 1
j Pde=|-x| =2
0 3 1, 3
Next find the area under the graph of y = 2 —x.

2 .
jz(Z—x)dxz[Zx—lxz} =2——§=l
1 2 . 2 2

Area of the shaded region = 1 + 1.3
32 6

46. First find the area under the graph of y = \/; .

1
1
J‘ g2 22
0 3 o 3
Next find the area under the graph of y = x2,

2
2
e acfla] 817
1 3], 33 3

Area of the shaded region = 3 + 3 =3

47. First, find the area under the graph of y =1 + cos x.

[ 0+ cosx) dx=[x+sinx]f =7

The area of the rectangle is 27.

251

- Areaoftheshadedregion=2¢-g=w

48. First, find the area of the region between y = sin x and the

. T Sm
x-axis for | —, — |.
{6 6 }
5al6 swe 3 3
Jug s de=oeons ] =7‘[‘7]=J§

The area of the rectangle is (sm%](%ﬁj = %

Area of the shaded region = \/g —%

;, x, 0, IOJ =~ 3.802

49. NINT -
3+2 sinx
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4 —
50. N]NT(# x, 0.8, O.SJ ~1.427

x -1
51. %N]NT(\/cosx, x,—-1, 1)z0.914

52. /8—2x2 >0 between x = —2 and x = 2
NINT(V8—2x?, x,—2,2) ~8.886

53. Plot y, = NINT(e"Z, £, 0,x),,=06 ina 0, 1]by [0, 1]
window, then use the intersect function to find x= 0.699.

54, Wheny =0,x = 1.
Y =1-43

y= hi-x
NINTR/1- 2%, x, 0, 1) ~0.883
55. J' f(t) dt+K = J'b f@) dt
K= —j f(t) dt + jb f(e) dt
= j f() dt+ jb f(t) dt

=[rwa
K=["@-sa+na

-1
= [ltz’ _3p +t}
32,

56. To find an antiderivative of sin’x, recall from trigonometry

2

that cos 2x = 1— 2 sin® x, 50 sin x=%—%0082x.

K=Iosm2tdt
2
=J0 l—lcos(2x) dx
212 2

0
1 1.
= [Ex - Zsm (2/\6)}2

(c) H is concave up on the open interval where
H"(x)= f'(x)>0.
f(x)>0when9<x<12.

H is concave upon (9, 12).

2
@ H(12)= L: f(@®)dt > 0 because there is more area above

the x-axis than below the x-axis.
H(12) is positive.

(e) H'(x)= f(x)=0atx=6and x =12. Since
H'(x)= f(x)>0o0n[0, 6), the values of H are
increasing to the left of x = 6, and since
H'(x)= f(x)<0on (6, 12], the values of H are
decreasing to the right of x = 6. H achieves its
maximum value at x = 6.

() H(x)>0on(0, 12]. Since H(0) = 0, H achieves its
minimum value at x = 0.

58. (a) s’()= f(r). The velocity at =35 is £(5) = 2 units/sec.

(b) s”(t)= f’(z) <Oat ¢t = 5 since the graph is decreasing, so
acceleration at t=35 is negative.

© 5=} 0z = 2 (3)XH =45 units

(d) s has its largest value att = 6 sec since
s'(6)= f(6)=0and s”(6)= f'(6) <0.

(e) The acceleration is zero when s”(¢) = f'(t) = 0. This
occurs when ¢ = 4 sec and ¢ = 7sec.

(f) Since s(0) =0 and s’(t) = f(£) > 0 on (0, 6), the particle
moves away from the origin in the positive direction on
(0,6). The particle then moves in the negative direction,
towards the origin, on (6, 9) since
s'(1) = f(¢) <0 on (6, 9) and the area below the x-axis is
smaller than the area above the x-axis.

(g) The particle is on the positive side since

s(9) = Jl 09 f(x)dx > 0 (the area below the x-axis is

smaller than the area above the x-axis).
59. (a) s’(3)= f(3)=0 units/sec

(b) s”(3)= £'(3) > 0 so acceleration is positive.

- Bx - %sinx cosx} © 5G)= [ fa)dx= %(—6)(3) = -9 units
2
20_(1_3111220052]: in2cos2-2 _ 189 (@) 5(6)= [ Fx)dx = (-6X3+ 26X =0, 50 the

57. (a) H(0)= j;’ F6)di=0

o 10 =2 [7 s )= s

H'(x)>0when f(x)>0.
H is increasing on [0, 6].

particle passes through the origin at ¢ = 6 sec.
© s"(t)=f'(t)=0att="Tsec

(f) The particle is moving away from the origin in the
negative direction on (0,3) since s(0) =0 and
s’(t) <0 on (0, 3). The particle is moving toward the
origin on (3, 6) since s”(¢) > 0 on (3, 6) and s(6) = 0.
The particle moves away from the origin in the positive
direction for ¢ > 6 since s”(¢) > 0.



59, Continued
(g) The particle is on the positive side since
9
s(9) = -[0 f(x)dx > 0 (the area below the x-axis is

smaller than the area above the x-axis).

60. f(x)——(_[ f(t)dt) dx(x —2x+1) 2x-2

61. f’(x)=%[2+ O%dt)=1—:0—x
f(©0=10
F(0)= 2+J0£dt—2
L(x)=2+10x

62. f(x)= %UO F70) dt)

= (cos mx)

=x(~ sin 7x)+1+cos mx
=—7x Sin7Tx+COSTTX
f4)y=-4r sindx+cosdn =1

63. One arch of sin kxis fromx = 0tox = %

nlk
Tk
Area = j: sin kx dx:[—%cos kx} =l—(—l]=%
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69.E. f(a)+ f'(a)(x—7)

f(m)=0
f(m=-1

y=~lx-m=r-x
70.E.

71. (a) f (£) is an even function so J.O %(t)dt = J‘:En;(—tldt
—-X

Si(-x)= J~ xsm(t)
=f° ﬂt)dt

-x

= _[ s1n(t) —=dt =-Si(x)

®) Si0)= |, Efdr— 0

(¢) Si'(x)= f(¢)=0 when ¢ = wk, k a nonzero integer.

(@ t

SN/

[—20, 20] by [—3, 20, 203]

72.(a) c(100)—c()= LIOO(%}LV

o kK k
) 100 1 100
x
64. (a) J‘2(6—x—x2)dx=[6x—lx2—lx3:l ol de=[\x ]
- 23 14 =10~ 1 9or$9
22 27
=222 400
3 ( 2) (b) c(400)-c(100)= | - (Ejdx
dx
_1s
=5 a0 1 400
JIOO 2\/— [ :|100
(b) The vertex is atx=%§_—g=—%. (Recall that the vertex =20-10=10 or $10
b 3 2 aP
ofaparabolay=ax2+bx+cisatx=——.) 73. .[0 2- 2 dx=[2x+2(x+1) ]0
2% (x+1)
y(—%1=2—45,s0 the height is E =[6+%—|—2=—?-
\ L/ a4 ) L AJ pA
. =4.5 thousand
() The base is 2—(-3)=5. The company should expect $4500.
2 2 25) 125
= ight) =—(5)| — |=—=
3(base)(helg ) 3()[4] o

65. True. The Fundamental Theorem of Calculus guarantees
that F is differentiable on I, so it must be continuous on I

b 2
66. False. In fact, _[ e” dx is a real number, so its derivative is
a

always 0.
67.D.
68. D. See the Fundamental Theorem of Calculus.

1 30 x? 1 x *
74.@) 350 J [450—7}& = %[450x ‘E]
=300 odrums
(b) (300 drums)$0.02 per drum) = $6
75. (a) True, because A’(x)= f(x) and therefore A”(x)= f’(x).
(b) True because 4 and 4’ are both differentiable by part (a).
(c) True, because A'(1)= f(1)=0.
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785.

76.

71.

78.

79.

Continued

(d) True, becaue A’'(1)= f(1)=0 and A”(1) = f'(1) < 0.
(e) False, because h”(1)= f’(1) <O0.

(f) False, because A”(1)= f'(1)#0

(g) True, because #’(x)= f(x), and fis a decreasing
function that includes the point (1,0).

Since f(#)is odd, Ji fdt= —J: f(£)dt because the area

between the curve and the x-axis from O to x is the opposite
of the area between the curve and the x-axis from —x to 0,
but it is on the opposite side of the x-axis.

|, rwa=-" rwar= —[— N f(t)dt] = |, rwar

Thus JJ f(®)dt is even.

0
Since f(7) is even, J_ ftydr= J-: f(®)dt because the area

between the curve and the x-axis from O to x is the same as
the area between the curve and the x-axis from —x to 0.

T fydi=-[" f@ydi==f f@wr
0 X 0

Thus j: f()dt is odd.
If fis an even continuous function, then J: f(H)dt is odd,

but % J.(: f(®)dt = f(x). Therefore, fis the derivative of the

odd continuous function .[: f@®)dt.
Similarly, if fis an odd continuous function, then f'is the

X
derivative of the even continuous function jo fat.

Solving NINT [&tl‘, t,0, x) =1 graphically, the solution is
x =~ 1.0648397. We now argue that there are no other

solutions, using the functions Si(x) and fr) as defined in

Exercise 56. Since -4-8i(x) = £(x) =32 Si(x) is

v
X

Si(x) # 1) forx 2 2z. Now, Si(x) =1 has exactly one
solution in the interval [0, 7] because Si(x) is increasing on
this interval and x = 1.065 is a solution. Furthermore,

Si(x) = 1 has no solution on the interval [z, 27] because
Si(x) is decreasing on this interval and Si(27) =1.42 > 1.
Thus, Si(x) = 1 has exactly one solution in the interval
[0,<). Also, there is no solution in the interval (—o,0]

because Si(x) is odd by Exercise 56 (or 62), which means
that Si(x) < 0 for x < 0 (since Si(x) 20 forx 20).

Section 5.5 Trapezoidal Rule (pp. 306-315)

Exploration 1 Area Under a Parabolic
Arc

1.

2.

3.

4.

Let y=f(x)=Ax’+Bx+C

Then y, = f(~h)= Ah> - Bh+C,

;= £(0)= A(0)* + B(0)+C=C, and

y, = f(h)= Ah* + Bh+C.

Yo +4y, +, = Ak* — Bh+ C+4C+ Ah* + Bh+ C
=2Ah* +6C.

h 2
AP=J'_h(Ax + Bx+C)dx
3 2 h
={AZ +BE scx
3 72 .
3 2 3 2
=Ah—+Bh—+Ch— —Ah—+Bh——Ch
32 3 72

3
= 2A%+2Ch

= %(2Ah2 +60)

Substitute the expression in step 2 for the parenthetically
enclosed expression in step 3:

Bonar2
A,= 5(2Ah +6C)

h
= g()’o +4)’1 +}’2)-

increasing on each interval [2k7r,(2k + 1)71:] and decreasing

on each interval [(Zk + D7, 2k + 2)75], where K is a

nonnegative integer. Thus, for x >0, Si(x) has its local
minima at x = 2k7, where k is a positive integer. Further-
more, each arch of y = f(x) is smaller in height than the
Qk+)m (2k+2)m .
[FClde> [ Co)l . This

CHDT c(X)dx >0, s

previous one, SO j
2kn

means that Si(2k+2)m) - Si(2k) = |
2kr
each successive minimum value is greater than the previous

one. Since f(27) = N]NT[sm—x x,0, 27:) ~1.42 and Si(x)
X

is continuous for x > 0, this means Si(x) > 1.42 (and hence

Quick Review 5.5

1

2.

3.

Yy =-sinx
¥y’ =—cosx
y” <0 on [-1, 1], so the curve is concave down on {—1, 1].

y =4x’ =12

Yy = 12x%

y” >0 on[8, 17], so the curve is concave up on [8, 17].
y =12x*—6x

y'=24x-6
y” <0 on [-8, 0], so the curve is concave down on [-8, 0].



