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Chapter 5
The Definite Integral

Section 5.1 Estimating with Finite Sums
(pp. 263-273)

Exploration1 Which RAM is the
Biggest?
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LRAM > MRAM > RRAM
2. y y

st st
3E 3k

\7/‘ \ V \/

T 2 3 " 2 3 "

y
st
4
3l

1 2 3

MRAM > RRAM > LRAM

3. RRAM > MRAM > LRAM, because the heights of the
rectangles increase as you move toward the right under an
increasing function.

10. 70 times/sec o

4. LRAM > MRAM > RRAM, because the heights of the
rectangles decrease as you move toward the right under a
decreasing function.

Quick Review 5.1

1. 80 mph « 5 hr =400 mi

2. 48 mph « 3 hr =144 mi

3. 10 fi'sec® « 10 sec = 100 fi/sec

Imi 3600 sec
5280 ft 1h

3600sec 24 hr 365 days
1hr 1day lyr

100 ft/sece

= 68.18 mph

4. 300,000 km/ sec « lyr

~9.46x10" km
5. (6 mph)(3 h)+ (5 mph)(2 h) = 18 mi+10 mi = 28 mi

60 min

6. 20 gal/mine1he =1200 gal

7. (=1°C/h)(12h)+(1.5°C) (6 h)=-3°C

3600sec 24h
1h 1 day

8. 300 fi*/sec « « 1 day = 25,920,000 ft*

9. 350 people/mi « 50 mi” = 17,500 people

FO00SC 1 11..0.7=176.400 times

Section 5.1 Exercises

1. Since v(¢) = 5 is a strait line, compute the area under the
curve.

x=@)v()=(5)=20
. Since v(t) = 2¢ + 1 creates a trapezoid with the x-axis,
compute the area of the curve under the trapezoid.

[}

A=ﬁm+m

=0=1(0)=2(0)+1=1
=4=v#)=2H+1=9

[l
~ =0

B

a
b
h
A=

9+1)=20
5 O+D

3. Each rectangle has base 1. The height of each rectangle is

Found by using the points 7 = (0.5, 1.5, 2.5, 3.5) in the

equation W(t) £2+1. The area under the curve is
13 2
approximately 1 3 + 13 + 2 + 33 =25, so the particle is
4 4 4 4

close to x = 25.

4. Each rectangle has base 1. The height of each rectangle is

found by using the points y = (0.5,1.5, 2.5, 3.5, 4.5) in the
equation v(¢) = 1> + 1. The area under the curve is

13 29 53 85
— =
4 4 4 4
particle is close to x = 46.25.

approximately 1(2 + ) =46.25, so the



5.(a) y

(b) v

Av=—
2

oo LCHY):
+[2(D_(1)2](;}[2(;)‘(;)2}(;) 5o

6. (a) y

RRAM: H;H;]2](;}[2(1)—(1)2](;)
+[2(§)—@2]G)+[2<2> - (2>2](;] =2-1as

(b)
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PEHETBHAHT -
7. n LRAM,, MRAM,, RRAM,
10 132 1.34 1.32
50 1.3328 13336 1.3328
100 13332 1.3334 13332
500 1.333328 1333336 1.333328
8. The area is 1.333= %
5 n LRAM, MRAM, RRAM,,
10 12.645 13.4775 14.445
50 13.3218 13.4991 13.6818
100 13.41045 13.499775 | 13.59045
500 13.482018 | 13.499991 | 13.518018
Estimate the area to be 13.5.
10. n LRAM, MRAM, |RRAM,
10 1.16823 1.09714 1.03490
50 1.11206 1.09855 1.08540
100 1.10531 1.09860 1.09198
500 1.09995 1.09861 1.09728
1000 1.09928 1.09861 1.09795

Estimate the area to be 1.0986.
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11.

n LRAM, MRAM, RRAM,,

10 0.98001 0.88220 0.78367

50 0.90171 0.88209 0.86244

100 0.89190 0.88208 0.87226

500 0.88404 0.88208 0.88012

1000 0.88306 0.88208 0.88110
Estimate the area to be 0.8821.

12. n LRAM, MRAM, RRAM,,

10 1.98352 2.00825 1.98352

50 1.99934 2.00033 1.99934

100 1.99984 2.00008 1.99984

500 1.99999 2.00000 1.99999

Estimate the area to be 2.

13. Use f(x) = V25— x? and approximate the volume using

rih = (25— ”,2 )zAx, so for the MRAM program, use
m(25—x%) on the interval[-5,5 .

n MRAM
10 526.21677
20 524.25327
40 523.76240
80 523.63968
160 | 523.60900

14. V= %7:(5)3 = 2007 =~ 523.59878
n error % error
10 2.61799 0.5
20 0.65450 0.125

40 0.16362 0.0312
80 0.04091 0.0078
160 | 0.01023 0.0020

15. LRAM:
Area
=f(2)e2+ f(4) 2+ f(6)e2+---+ f(22) 2
=2+(040.6+1.4+---+0.5)
=44.8 (mg/L)  sec
RRAM:
Area
= f(4) 2+ f(6) 2+ f(8) o244+ f(24)+2
=2(0.6+1.4+2.7+---+0)
=44.8 (mg/L) « sec
Patient's cardiac output:

5mg . 60 sec

44.8 (mg/L)esec 1min
Note that estimates for the area may vary.

=6.7 L/min

16. (a) LRAM: 1+ (0+12+22+10+5+13+11+6
+2+6)=87in.=7.25ft

(b) RRAM:1«(12+22+10+5+13+11+6+2
+6+0)=87in.=7.25ft

17. 5 min = 300 sec
(a) LRAM:300«(1+1.2+1.7+---+1.2)=5220 m

(b) RRAM:300+(1.24+1.7+2.0+---+0)=4920 m
18. LRAM: 10+ (0+44+15+---+30)=3490 ft

RRAM: 10« (44 +15+35+-+-+35) = 3840 ft

3490 ft +3840 ft
Average = — 5

19. (a) LRAM: 0.0010+40+62+---+137)=0.898 mi
RRAM: 0.001(40+62+82+---+142)=1.04 mi
Average = 0.969 mi

(b) The halfway point is 0.4845 mi. The average of LRAM
and RRAM is 0.4460 at 0.006 h and 0.5665 at 0.007 h.
Estimate that it took 0.006 h = 21.6 sec. The car was
going 116 mph.

=3665 ft

20. (a) Use LRAM with 7(16— x?).

Sg =~ 146.08406

S, is an overestimate because each rectangle is below
the curve.

V=S
%
21. (a) Use RRAM with 77(16 — x).

Sy =120.95132

S, is an underestimate because each rectangle is below
the curve.

V=]
Vv
22. (a) Use LRAM with (64— xz) on the interval [4, 8],n=8.

§=372.27873 m’

(b) =0.09 =9%

(b) =0.10=10%

(b) -y ~0.11=11%
; .



23.(a) (5)(6.0+8.2+9.1+---+12.7)(30) ~ 15,465 ft*

() 582+9.1+9.9+---+13.0)(30) = 16,515 ft>
24. Use LRAM with mx on the interval [ 0,5], n=5.
10+7+2r+3n+4m)=10wr=3141593

25. Use MRAM with rx on the interval [0, 5]. n=5.

1(17r+37z+57r+77r+z7rjz2257z=39.26991

2 2 2 2
26. (a) LRAM :
32.00+19.41+11.77+7.14 + 4.33 = 74.65 ft/sec
(b) RRAM; :

19.41+11.77+7.14+4.33+2.63 = 45.28 ft/sec

(c) The upper estimates for speed are 32.00 ft/sec for the
first sec, 32.00 + 19.41 = 51.41 ft/sec for the second sec,
and 32.00 + 19.41 + 11.77 = 63.18 ft/sec for the third
sec. Therefore, an upper estimate for the distance fallen
is 32.00 + 51.41 + 63.18 = 146.59 ft.

27. (a) 400 ft/sec — (5 sec)(32 fikec?) = 240 filsec

(b) Use RRAM with 400 — 32x on [0, 5], n =5.
368 + 336 + 304 + 272 + 240 = 1520 ft

28. (a) Upper =70 + 97 + 136 + 190 + 265 = 758 gal
Lower =50 + 70 + 97 + 136 + 190 = 543 gal

(b) Upper =70 + 97 + 136 + 190 + 265 + 369 + 516 + 720
=2363 gal
Lower =50+ 70 + 97 + 136 + 190 + 265 + 369 + 516
=1693 gal
(c) 25,000 — 2363 = 22,637 gal
22,637 = 31.44 h (worst case)
720
25,000 —1693 =23,307 gal
23,307
720
29. (a) Since the release rate of pollutants is increasing, an
upper estimate is given by using the data for the end of
each month (right rectangles), assuming that new
scrubbers were installed before the beginning of
January. Upper estimate:
30(0.20+0.254+0.27+0.34+0.45+0.52)
= 60.9 tons of pollutants

= 32.37 h (best case)

A lower estimate is given by using the data for the end
of the previous month (left rectangles). We have no data
for the beginning of January, but we know that
pollutants were released at the new-scrubber rate of
0.05 ton/day, so we may use this value.

Lower Estimate:
30(0.05+0.20+0.25+0.274+0.34+045)

=46.8 tons of pollutants

(b) Using left rectangles, the amount of pollutants
released by the end of October is
30(0.05+0.20+0.25+0.27+0.34+0.45

+0.524+0.63+0.70+0.81) = 126.6 tons

Therefore, a total of 125 tons will have been released
into the atmosphere by the end of October.
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30. The area of the region is the total number of units sold, in
millions, over the 10-year period. The area units are
(millions of units per year)(years) = (millions of units).

31. True. Because the graph rises from left to right, the left-
hand rectangles will all lie under the curve.

32. False. For example, all three approximations are the same if
the function is constant.

33.E.y=4x—-x2=0
4x=x2
x=0,4
Use MRAM on the interval [0, 4], n = 4.

1(1.75+3.75+3.75+ 1.75) = 11
34.D.

35.C.

ﬂ(sin(O) + sin(”)+ sin(ﬂ)+ Sin(SEJ)
4 4 2 4

Z(0+\/25+1+\/2§]

36.D.
37. (a) The diagonal of the square has length 2, so the side
length is \/5 Area = (\/5)2 =2

(b) Think of the octagon as a collection of 16 right triangles

with a hypotenuse of length 1 and an acute angle
. 2 &
measuring — = —.
16 8

e[ o=3)

—4sn”

=2\2~23828
(c) Think of the 16-gon as a collection of 32 right triangles

with a hypotenuse of length 1 and an acute angle

. 2 &
measuring ) = T3

—8sin’ ~3.061
8

(d) Each area is less than the area of the circle, 7. As n
increases, the area approaches 7.

38. The statement is false. We disprove it by presenting a
counterexample, the function f(x) = x* over the interval
0<x<lLwithn=1.MRAM, =1£(0.5)=0.25
LRAM, +RRAM, 1f(0)+1f(1)

2 2

=%=0.5¢MRAM,
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39. RRAM, f = (Ax)Lf (x)) + f (o) oo+ f(x, )+ f(x,)]
= (A0 [f (x) + )+ f(xy)+-+ flx, )]
+(A)[f(x,) = fxp)]
=LRAM, f+(A0)[f(x,) = f(x,)]

But f (a) =f (b) by symmetry, so f(x,) —f (x,) = 0.
Therefore, RRAM, f=LRAM, f.
40. (a) Each of the isosceles triangles is made up of two right

triangles having hypotenuse 1 and an acute angle

. 2t & . .
measuring — = —. The area of each isosceles triangle
n on

1 1 2
isA;=2| = sinﬁ cosg :fsin—”.
2 n n 2 n

(b) The area of the polygon is

n. 2w
Ap =nA; =_sin—,s0
2 n

. . n. 2w
lim A, = lim —sin—=7x
n—o0 n—oo n

(¢) Multiply each area by r2:

1,.2
AT:frzsln—n
n

.2
AP:Erzsm—n’
2 n

lim A, = nr?
n—oo

Section 5.2 Definite Integrals (274-284)
Exploration 1 Finding Integrals by
Signed Areas

1. 2. (This is the same area as _[: sin x dx, but below the

Xx-axis.)

/"\/'”\'

[—27, 271] by [—3, 3]

2. 0. (The equal areas above and below the x- axis sum to
Zero.)

N

[—2r, 2] by [—3, 3]
3. 1. (This is half the area of_[:sinx dx.)

PR

e

[—2, 27] by [-3, 3]

T . .
4.2m +2. The same area as J.o sinx dx sits above a rectangle of

area 7 Xx?2.)

[—2r, 2] by [—3, 3]
5. 4. (Each rectangle in a typical Riemann sum is twice as tall

V2
as in J.o sin x dx.)

A
WV

[—27r, 2] by [—3, 3]

6. 2. (This is the same region as in _[: sin x dx, translated 2

units to the right.)

"

-
J/ /‘v

[—2, 2] by [—3, 3]

7. 0. (The equal areas above and below the x-axis sum to
Zero.)

[—2r, 2] by [-3, 3]
8. 4. (Each rectangle in a typical Riemann sum is twice as

V3
wide as in _[0 sin x dx.)

[—2, 2] by [3, 3]

9. 0. (The equal areas above and below the x-axis sum to
Zero.)

AN s
K

[—2r, 271] by [3, 3]



10. 0. (The equal areas above and below the x-axis sum to zero,
since sin x is an odd function.)

[—2, 271] by [3, 3]

Exploration 2 NMore Discontinuous
Integrands

1. The function has a removable discontinuity at x = 2.

/s

[—4.7,4.7] by [—1.1,5.1]
2. The thin strip above x = 2 has zero area, so the area under

3
the curve is the same as _[0 (x+2), which is 10.5.

SFCdx=10.5
[—4.7,47] by [—1.1,5.1]

3. The graph has jump discontinuities at all integer values, but
the Riemann sums tend to the area of the shaded region
shown. The area is the sum of the areas of 5 rectangles (one
of them with height 0):

5
jo int(x)dx = 0+1+2+3+4=10.

SFCxIdx=10
[-2.7,6.7] by [—1.1, 5.1]

Quick Review 5.2

5
LY n? =1 +@27+(3)’ + (@)’ +(5)* =55

n=1

4
2. (3k—2)=[3(0)-2]+[3(1)-2]+[3(2)-2]
k=0
+[3(3)=2]+[3(4)-2]=20

4
3 Y1000+ D* =100[(D)* +(2)* +(3)* +(4)> +(5)*]
e
' =5500

99

4. Yk
k=1
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25

5. 2k
k=0
500

6. 3k
k=1

50

7. ZZx +3Zx Z(2x2+3x)

x=1

20 20

8. Zx +Zx —Zx

k=0
9. Y (-D)* =0if nis odd.
k=0

10. Y (-D* =Tlif nis even.
k=0

Section 5.2 Exercises

1. lim Z(ck Ax, J x2dx where n is any partition of [0, 2].

IZ—)N
= 5
2. 1im ' (c,” =3¢ )Ax, = [ (" = 3x) dx where n is any
n—e T -
partition of [-7,5] .

3. lim Z —Ax, J —dx where n is any partition of [1, 4].

n—>o0

k=1k
n 3 ]
4. lim Ax, = | ——dx where n is any partition of
n—)‘”; —C k J.zl—x v "l Y partit
[2,3].
5. ,}E}i 2.14 ¢ Ax J \4—x2 dx where n is any partition
of [O, 1].

6. lim Z(sm CAX, J sin® x dx where n is any partition of

IZ—)DO

[— 77:,77:].

<

) j_lzs dx=5[1-(=2)]=15

*®

j; (~20)dx = (-20)(7~-3) =80

A

L?(—160)dt= (-160)(3—-0)=—480
- 3

. [ Jd0="1-1- ()=
34

1. [ 05ds=05[34-(-2.]=275

12. I}f\/zdr=\/27(\/ﬁ—\/27)=4
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13. Graph the region under y = %+ 3 for —2<x<4.

1 T 1

2

14. Graph the region under y = —2x +4 for % <x<

j42(x+3)dx = %(6)(2+5) =21

\S)

3
xX= x==
2

N I—

172

15. Graph the region under y = v9— x* for —3<x<3.

3/2 1
j (2x+d)dv=_(HB+D=2

This region is half of a circle radius 3.

f 90— x2dx =L 7(3) =
3 2

16. Graph the region under y=

16—x* for —4 < x<0.

LI B B

The region is one quarter of a circle of radius 4.

_[_04\/16—x2 dx= in(4)2 —4rx

17. Graph the region under y= ‘x‘ for -2<x<1.

y

2

=

2
1 1 1 5
dx==2)2)+-(DH()==
[Lildr=- @@+ mm=3
18. Graph the region under yzl—‘x‘ for —-1<x<1.
y
2+
) ./\ S

j_ll(l—\x\)dxzé(z)(l)zl
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19. Graph the region under y = Z—M for —1<x<1. 22. Graph the region under y = r forv2 <r< 5\/2
y y
2 10k
2 X
- 1 r
V2 5210
1 1 1
_ S il - 52 1
[ a-lshar=_ma+2+ 1a+2)=3 37 rar=26va VD24 503) = 24
20. Graph the region under y =1+ 1-x? for —1<x<1. 2, bedle(b)(b)zlbz
0 2 2
y
2

24. job4xdx = %(b)(4b) =2b°

b
25. j 2sds = %(b—a)(2b+2a) =p2-a?

b 1 3
- 26. j 3tdt=5(b—a)(3b+3a)=E(b2—a2)

2
27. _[2 xdx = 1(2a—a)(2a+a) = 3L
T a 2 2

I_ll(”m)dx = (2)(1)+%7r(1)2 =2+7

3a
, 28. erdx=l(\/3a—a)(\/3a+a)=l(3a2—a2)=a2
21. Graph the region under y=0 forr <0 <2rx a 2 2

y 29. _[;187dt:87t‘;1

2wt

87(11)—87(8) = 261 miles

60
30. [ 2541 = 25:\60
0 0
mr 25(60) — 25(0) = 1500 gallons

75 75
31. [ 730041 = 300:\ calories
6 6
300(7.5)— 300(6) = 450

T 2w

3 2 1 _ 11
””9d0=%(2ﬂ—7r)(27r+n)=3i 32. [ 0dr=041]

2
0.4(11)—0.4(8.5) = lliter

X

2 +4

33. NINT( ,x,0, 5) = 0.9905

34. 34+ 2-NINT(tan x, x, 0, g) =4.3863

35. NINT@ - x2, x,—2.2) = 10.6667

36. NINT(2e ™, x, —1, 3)~1.8719
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37. (a) The function has a discontinuity at x = 0.
(b)

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

[ Sdax=—2+3=1
2|

38. (a) The function has discontinuities at
x=-5,-4,-3,-2,-1,0,1,2,3,4,5.

(b)

[—6, 5] by [—18, 4]

j_56 2int(x - 3)dx = (~18) + (~16) + (~14)
+ (—12)+ (—10) + (=8) + (—6) + (—4) + (-2)
+0+2=-88

39. (a) Thefunctionhasa discontinuityatx =—1.

(b)

[—3,4]by [—4,3]

2
4 —
J' X ldxz—l
-3 x+1 2

1 7
@@+ BB =7

40. (a) The function hasa discontinuity atx = 3.
(b)

[-5, 6] by [-9, 2]

77
2

J'ﬁ 9—x?

1 1
P dx= 5(2)(2)—5(9)(9) ==

41. False. Consider the function in the graph below.

y

=

/N
N

42. True. All the products in the Riemann sums are positive.

5
43. E.L (F(x)+4)dx

:jjf(x)dx+j254dx
=18+4x‘§ =30

4
44.D.f " (4-|xpax
= 44dx+ 4xdx+ 0—xdx
-[41 JO —4
2 2
=4X‘f4+%‘3—%‘?4=16

45.C.
46. A.

47. Observe that the graph of f(x) = xPis symmetric with

respect to the origin. Hence the area above and below the
x-axis is equal for—1< x <1.

1
_[_lx3dx = —(area below x-axis) + (area above x-axis) = 0

48. The graph of f(x)= x®+3 s three units higher than the
graph of g(x) = x>, The extra area is 3D =3.
1
| (& +dx=143=13
0 4 4
49. Observe that the region under the graph of f(x) = (x —2)*

for 2 < x <3 is just the region under the graph of
g(x)=x3for0 < x <1 translated two units to the right.

N N L I §
jz (x—2) dx= jox dx=
50. Observe that the graph of f(x) = ‘xf is symmetric with
respect to the y-axis and the right half is the graph of
gy =x".
1 1
J ‘xf dx= 2_[ dx= 1
-1 0 2
51. Observe from the graph below that the region under the
graph f(x)=1- x*for0<x<1cutsouta region R from
the square identical to the region under the graph of
g(x)= P or0<x<1.
y
1

y =fx) R




52. Observe from the graph of f(x) = (x|~ 1)*for—1< x <2
that there are two regions below the x-axis and one region
above the axis, each of whose area is equal to the area of
the region under the graph of g(x)= xfor0<x<l.

|/
T

2 1 1 1
J‘il(‘x‘— 1)} dx= 2(-4]{4): -

3
53. Observe that the graph of f(x) = (;J forO<x<2isjusta

horizontal stretch of the graph of g(x) = x> for0 < x <1 by

3
a factor of 2. Thus the area under f(x) = (;] for 0<x<2

is twice the area under the graph of g(x) = xfor0<x<l.
3
2 1 1
| (xj dv=2 x*dv=—
ol 2 0 2

54. Observe that the graph of f(x)=x is symmetric with
respect to the orgin. Hence the area above and below the

x-axis is equal for -8 < x <8.
8
_[_8 xS dx= —(area below x-axis) + (area above x-axis) = 0

55. Observe from the graph below that the region between the
graph of f(x)=x>—1and the x-axis for 0 < x <1cuts out a
region R from the square identical to the region under the
graph of g(x) = x*for0 < x <1.

y

y =f(x)
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56.0bserve from the graph below that the region between the

graph of f(x)= %/; and the x-axis for0 < x <lcutsouta
region R from the square identical to the region under the
graph of g(x) = xfor0<x<l.

y

1

R y =f(x)

1 1 3
J‘O\/;d)CZI—ZZZ

57. (a) As x approaches 0 from the right, f (x) goes to oo,

(b) Using right endpoints we have

= 1im Y L

_n—>wk:lk2

—dimaf 1,
v 72 n2

1 1
Notethatn(1+22+---+2]>n and n — o, s0
n

1 1 1
n +?+”‘+n72 —> 0o,

n 2 n 2 n
kY 1 k 1<,
®) k:1[(”) n} k=1[n3J n’ k=1

1 & 1 n(n+1)2n+1) nr+1)2n+1
© LYo L nerDCut]) _nnth@nt)
n” k=1 n 6 on
= 2
@ i S (£] 1| e D00
nﬁmk:l n n n—yoco 6}’[
. 2n3+3n2+n
= lim 3
e 6n
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58. Continued

1
(e) Since _[0 %2 dx equals the limit of any Riemann sum over

the interval [0, 1]as n approaches oo, part (d) proves that
1
_[ x> dx= 1
0 3
Section 5.3 Definite Integrals and

Antiderivatives (pp. 285-293)

Exploration1 How Long is the Average
Chord of a Circle?
1. The chord is twice as long as the leg of the right triangle in

the first quadrant, which has length VrE—x? by the
Pythagorean Theorem.

y
7‘2 - x2
r
KJ/ x
2. Averagevalue = J.r 2N — X% dx.
r—(-r)J-r

2
3. Averagevalue = — "X ax
2rJ-r

1 .. .
= — « (area of semicircle of radius r)
’

1 7r?
r 2
_ r

2

4. Although we only computed the average length of chords
perpendicular to a particular diameter, the same
computation applies to any diameter. The average length of

. . . TTr
a chord of a circle of radius ris —.
5. The function y = 2\/r2 — x2 is continuous on [=r, r], so the

Mean Value Theorem applies and there is a ¢ in [a, b] so

. Vg
that y(c) is the average value —r.

Exploration 2 Finding the Derivative of
an Integral

Pictures will vary according to the value of x chosen.
(Indeed, this is the point of the exploration.) We show a
typical solution here.

y

—

. We have chosen an arbitray x between a and b.

[}

. We have shaded the region using vertical line segments.

w

. The shaded region can be written as _[x f(t)dt using the

definition of the definite integral in Section 5.2. We use t as
a dummy variable because x cannot vary between a and
itself.

4. The area of the shaded region is our value of F(x).

y

5. We have drawn one more vertical shading segment to
represent AF.

6. We have moved x a distance of Ax so that it rests above the
new shading segment.
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7. Now the (signed) height of the newly-added vertical
segment is f (x).

9 9
2. (a) L 2 f(x)dx = —2]1 fx)dx=-2(-1)=2

8. The (signed) area of the segmentis AF = Axe f(x), so (b) _[9[f'(x)+h(x)]dx _ _[gf(x)dx+J.9h(x)dx
7 7 7
F'(x)= limng(x) =5+4=9
Ax—0 Ax

9 9 9
Quick Review 5.3 (@ [}12/0)=3h(0lds = [ 2f(x)dc+ [ 3hx)a

- Zij(x)dx - 3_[79h(x)dx

1. —=sinx
dx =2(5)-3(4)=—=2
d

2 e @ [, fode=-{" f(dr=1

3 Dy_seextanx_ © [ fwdr= [ fodrs [ foods
dx sec x 1 ; ‘;

4. ﬂ=ﬂ=cotx :J.I f(x)dx—Lf(x)dx
dx sinx —_1-5=—6
dy_secxtanx+seczx_ 7 (7 7

ST v e ® [ h()=flde= [ hxde— [ flx)de

9 9

6. dy:x(l)+lnx—1=1nx =—j7h(x)dx+J7j(x)dx
dx X =—4+5=1

g &y _(+Dx" _ 3.@ [ fadu=s
dx n+1 1

g U1 e 22 ) [ \Br@dz=3] fydz=543

, —=— «(In2)2" =—
de (2% +1)? (2% +1)* 1 2
© [ f0ydi==[" fndr=-5

9. b xe* +e* 20 2
dx (d) L [- f(x)]dx:—j1 f(x)dx=-5
dy 1 -

10. E:Tz o 4. (a) I03g(t)dt:—f_03g(t)dt= —\/5
Section 5.3 Exercises (b) J03 2Gu)du=~2
2
1. (a) _[2 g(x)dx=0 (© J'_O [_g(x)]dx:_J'_o g(0)dx=—2
) [ g(dv=-] g(x)dr=-8 @ [ @d -0 L strydr =
2 2
() _[1 3f(x)dx = 3_[1 f)dx=3(-4)=-12 5. (a) L f(2)dz= L f(z)dZJrJ'O f(2)dz
(@ Lsf(x)dx:jzlf(x)derLSf(x)dx =I§f(z)dz+j§f(z)dz
=~ fdr+ [ fo0dx —3+7=4
—446=10 ) [ o= fodr+ [ fadr
(e _[ls[f(X)—g(x)] dx= Lsf(x)dx— _[lsg(x)dx = _j;f(z)dt+ _[jf(t)dz
=6—-8=-2 =-74+3=—4
3 -1 3
® _[15[4f(x)—g(x)]dx: f154f(x)dx—flsg(x)dx 6. (a) _[1 h(r)dr= L h(r)dr+_[_1h(r)dr
1 3
=4_[15f(x)dx—_[15g(x)dx :—I_lh(r)dr+J_lh(r)dr:6

=4(6)-8=16
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6.

10.

11.

12.

13.

Continued

) = [ =~ [ = [ o

- Elh(u)du— J._llh(u)du: 6

. max sin (x*) = sin (1) on [0, 1]

J.(i sin(xz) dx<sin(1)<1

. max Vx+8 =3 and min vx+8 = 2+/2 on [0, 1]

W2 < ['Vx+8ax<3
0

. (b—a)minf(x)=0on|a, b]

0<(b—a)min f(x)< jb F(x) dx
(b—a)max f(x)<0on|a, b]
jb F(x)dx < (b—a) max f(x) <0
An antiderivative of x? —1is F(x) = %xS - X.
1 (3
av:ﬁfo (X —1)dx
1
ﬁ[nﬁ)— FO)]
= %(0—0) =0

Find x = ¢ in [0,+/3] such that ¢ —1=0

2 =1
c=%1
Since 1is in [0, /3], x = 1.

2 3
An antiderivative of —% is F(x)= —%.

1e3[ x? 1 1( 9
= [1-Z |ax=[FR)I-FO)=-| -= |=
av 3JO( z]x S LFGI-FO) 3( 5
c? 3
Find x = cin[0, 3] such that - —=——.
2 2
?=3
czi\/g

Since v/3 is in [0, 3], x = /3.
An antiderivative of —3x> — 1is F(x) =—x> — x.

= e~y v = F() - FO)=—2
av—lo( x" =D dx=F(1)-F()=
Find x = ¢ in [0, 1] such that—3c> —1=-2

1
c=t—
3
1 1
Since —isin [0, 1], x = —.
3 NE)

14.

15.

16.

17.

18.

19.

20.

21.

22,

23

24

25

26

27.

2

oo

An antiderivative of (x—1)? is F(x) = %(x -1

13 5 1 1(8 1
av_3j0(x ? de=1F() F(O)]—3(3+3)—1
Find x = ¢ in [0, 3] such that (c—1)> =1.
c—1=4%1
c=2o0rc=0.

Since both are in [0, 3], x =0 or x = 2.

The region between the graph and the x-axis is a triangle of
height 3 and base 6, so the area of the region

1
is 5(3)(6) =9.

12 9 3
av(f)—ghf(x) de=—=>.
The region between the graph and the x-axis is a rectangle
with a half circle of radius 1 cut out. The area of the region
. 1 2 4—-r
s2()——x(l)" =—.
is 2(1) 5 @ 5
4—ﬂ)_4—ﬂ

11 1
(=3[ 1@ dt=2[ o

There are equal areas above and below the x-axis.
av(f)—ijz”f(r)dz— L .o=0
“2ndo o

Since tan 6 is an odd function, there are equal areas above
and below the x-axis.

1 nld 2
av(f) = mJ'_Mf(e) 40 = — 0=0

2
_[ i sin x dx = —cos(27) + cos(r)
/2

=2
/2 T
J cosxdxzsin()—sin(O):l
0 2
/1
J.n efdi=e -’ =e—1
0
14
i seczxdxztan(nJ—tanO:l
0 4
4 4
N 2xdx=x2‘l =42-12=15
2,2 3|2 3 3
L dn=x =2 -1 =9
6 6
- | 3dx=54",=5(6)-5(-2)=40

: jZde =8x|] =8(7)-8(3)=32

L1 -1 -1 T
dx=tan”' (1)~ tan"!(-]) = =
[ gm0 =3

1 ) 1(1) . T
. ——dx=sin" | — [-sin” (0)=—
'[0 \ll—x2 2 6



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

el
j ~dr=Ine—Inl=1
I x

J14—X_2dx :;

1 (7.
av(f)zmjo sin x dx

= i(—cosﬂ'—(—cosO) = 2
b4 T

av(f)—2 j dx= (]n26 Ine)
_n2
&
av(f):i_ j04sec xdx= tan(4) tan(0)
4
_4
_ﬂ'
av(f)= 0Ta “(1)-tan™"(0)
T
4
1 2
av(f)= P I)J. 3x? +2xdx—3(x +x ) ‘_1
=4

V3
av(f)= LJ(; secxtan x dx = 2(5&(2)— seco)

Jw wly

minf=%a.ndmaxf=1

1 11
—sj dx <1
2 014t

16
f(. 5)_ﬁ
1Y 16 05 1 1
()(”)s [ dxs(z)(l)
0.5 1
7<'[ 701 <
woes(3) )
2 N\ 17
5 14x* 7

2
f 14M1+ﬁ
0 1+x 217

1

L)L
o

0.5 1+x

17

@<l

0 1+ x*
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b b
39, Yes, j av(f) dx = j £(x) dx.
This is because av(f) is a constant, So

j:av(f)dxz[av(f)-x]ﬁ
=av(f)eb—av(f)ea

=(b-a)av(f)
=t-a)| [ o de
a b—a’a
= be(x) dx
40. (a) 300 mi
b) 150 mi + 150 mi _
30 mph 50 mph
(c) SOOhmi =37.5 mph

(d) The average speed is the total distance divided by the

. . d +d,
total time. Algebraically,
1Th

1(d
—| =L+ =2 | . The two expressions are not equal.
2y
1000 m*
m>/min
100 m*
Time for second release = 3m =50 min
20 m”/min
total released 2000 m® 3, .
- = — =13—m”/min
total time 150 min 3

41. Time for first release = =100 min

Average rate =

1
1 1 1 1
42.jsinxdxijdx= S| ==
0 0 27 ]2

1
1 1 2 3
43. josecx dxzjo(nxz] dx=|:x+x6:| =%
0

44. Let L(x) = cx + d. Then the average value of fon [a, b] is
b
av(f) = Lj (cx+d)dx

el )

2
o o

b a
_c(b+a)+2d

2
_ (ca+d)+(cb+d)

_ L@+ L%b)
2

45. False. For example, sin 0 = sin 7 = 0, but the average value
of sin x on [0, 7] is greater than 0.

3
46. False. For example, J_} 2x dx =0 but 2(=3) #2(3)

. The driver computed
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47. A. There is no rule for the multiplication of functions.

48. D. There is no rule for the negation of the bounds.

5
49.B. av(f) = ijl cos xdx = i(sinS— sin1)
=~ 0.450.

1 b
50.C.10=— j F(x)dx
b
10(b—a)=fa f(x) dx
51. (a) Ama:%bh

h »
b) —x“+C
®) 5>

b 2
b h 5 hb 1
(c) y(x)dx:[—x :| =——=—bh
JO 26 |, 2b 2

k
52. av(xk)zljkxkdx:l kaﬂ _ k!
k7o k| k+1 ), k(k+1)

x+1

Graph y, = and y, = x on a graphing calculator and

x(x+1)
find the point of intersection for x > 1.

Intersection
H=Z.3HEZAYY LY=2. 30E3EYY .

[1, 3] by [0, 3]
Thus, k=2.39838

53. An antiderivative of F’ (x) is F(x) and an antiderivative of
G'(x) is G(x).

j" F(x) dx = F(b)— F(a)
_[ubG’(x) dx =G(b)-G(a)
Since F'(x) = G’(x), j:’F'(x) dx = J;G'(x) dx, 50
F(b)— F(a) = G(b)—G(a).
Quick Quiz Sections 5.1-5.3

b b
1. D.j (F(x)+3)dx=a+2b+j 3dx
a+2b+3b—-3a=5b-2a
2.B.

32 3 43
2
3.C. ijzdxzx— I T

3 3 3
2

4.(a) f"(x)=6x+12

Jf”(x)dx=3x2 +12x+c
y=4x-5

m=f'=4

3(0)* +12(0)+c=4

c=4

[ £/@ydx = [(3x® +12x + 4)dx
f()c)=x3 +6x%+4x+c
£(0)=(0)* +6(0)2 +4(0)+c=-5
c=-5

f()c)=x3 +6x2+4x-5

1
1-(=1)

4
1[2+ 2x% +2x% - SxJ

) av(f)= le(xS +6x% +4x—5)dx

1

=3
2

-1
Section 5.4 Fundamental Theorem of
Calculus (pp. 294-305)
Exploration1 Graphing NINT f

2. The function y = tan x has vertical asymptotes at all odd

multiples of % . There are six of these between —10 and 10.

3. In attempting to find F(— 10) = L_mtan(t) dt + 5, the
calculator must find a limit of Riemann sums for the
integral, using values of tan 7 for # between — 10 and 3. The
large positive and negative values of tan ¢ found near the
asymptotes cause the sums to fluctuate erratically so that no
limit is approached. (We will see in Section 8.3 that the
“areas” near the asymptotes are infinite, although NINT is
not designed to determine this.)

L
7

[1.6, 4.7] by [-2, 2]

4.y = tan x

5. The domain of this continuous function is the open interval
n 3n
272 )

6. The domain of F is the same as the domain of the

. Lo n 3
continuous function in step 4, namely 25 )



7. We need to choose a closed window narrower than

n 3 .
77 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
. T . . 3r .
decreasing on EX 7 | and increasing on | 7, > ) with

3

. T
vertical asymptotes at x = By and x = .

Exploration 2 The Effect of Changing

ain [ f()ade
L \ /

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

SV

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

3. Since NINT (%, x, 0, 0) = 0, the x-intercept is 0.
4. Since NINT (%, x, 5, 5) = 0, the x-intercept is 5.

5. Changing a has no effect on the graph of y = di-[x f(@)dr.
x a
It will always be the same as the graph of y = f(x).

6. Changing a shifts the graph of y = _[x f(@) dt vertically in

such a way that a is always the x-intercept. If we change

from a, to a, the distance of the vertical shift is ja' f@) dr.

Quick Review 5.4

1. L] =cos(x?) « 2x = 2xcos(x?)
X

2. ? =2(sin x)(cos x) = 2sin x cos x
X

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

=2 sec? x tan x— 2 tan x sec’x =0

10.

T dt

Section 5.4

dy_3 7 _
dx 3x Tx
ﬂ—Z"an

dx

dy_1 m_ 1
dx 2 2wWx

@: (—sinx)(x)—(cosx)(1) __x sinx + cos x

dx X2 )C2

d d
—yzcost,—y=—sint

dy _dyldt _ cost
dx  dx/dt —sint

=—cott

. Implicitly differentiate:

dy dy
x—+Dy+1=2y—
I Dy Y

d
L (x-2y)=~(y+1)
dx
Q__ y+1  y+l1
dx x—=2y 2y—-x

dy_ 1 _1
dx dx/dy 3x

Section 5.4 Exercises

10.

11.

“dx  dx

.?:dij:(sinzt)dtzsinzx
x dx
. ?=di ;(3t+cost2)dt=3x+cosx2
x dx
dy dx(3 5. (3 5
. E—E O(t —[) dt—(x —)C)
?:di xz 1+eldr=V1+e™
x  dx -
. ?:di ;(tan3u)dt=tan3x
x dx
. ?zdi :e“secudu=exsecx
x dx
@_i x 1+t I+x
de  dx?7 1442 1+ x>
ﬂ_i x 2-sint ~ 2-sinx
“dx  dxd- 3+cost 3+ cosx

2 3 2 2
ﬂ—ijg e dt=e" %:h e
X

2
ﬂ=ijx cot3 tdt:cotx2%=2x cot 3x>
dx dx’6 dx

dy_d pslea? V14250

dx  dxi2 u X

249
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

dy _d —x1+sin2udu: 1+sin?( —x)

dx  dx 1+cos’ u 1+cos?( —x)
Z)YC ;ix m(1+r )dr———j 1n(1+z )dz
:]n(1+x )

b_d 2t +t+1dt——dij.7x\/214+t+ldt
X

dx dx

=—V2xt+x+1

@_i 5 cost i 2 cost cosx du
dx  dx?2 9 dxds 290 x5 _ndx
__3x2(:05x3
x+2
25 2—2 5)( -2
dy _d 21 t+9dt— d t t+9dt
dx dx?5x" 346 dx 346
_25x4—10x2+9@_250x5—100x3+90x
125x5+6  dx 125 x5 +6
dx J.\Fsm( )dr———_[ sm( )d
——sinxﬂ _sinx
dx 2wWx
d)’ d _ 2
o dx 1 (2+p )dp _7]’ (2+p )dp
du
_—1n(2+p )dx —6xIn(2+9x" )

dy d ¢« d d
LA 7J‘X2 cos 2t dt = cos2x’ T 4 cos 2x>
dx dx’x dx Ix

=3x% cos2x> + 2x cos 2x>

ﬂzijfosxtzdz‘:coszxdu _szx@
dx  dx Y sinx dx dx
2

=—sinx cos’ x—cosx sin’x
X, 3
y:I sin” t dt
5
Xt
y:ISe tant dt

‘E

it
slon‘_lo ‘ESH‘

y= jj3\/3—cost dt+4
y= chosz Stdt-2

y:IO e‘ﬂdt+1

3 1
27. jllz(z—) =[2x- In\x\]m

1
—(6—ln3)—(l—ln2)

=5—1n3+1nl
2

=5-In3-In2
=5-In6=3.208

28. j;y dx = [(1:3]3 I
(sl

_26 _ 7880
3In3
1
2| (L2 —(0+0)=1
37, 373
30. j5x3’2 abcz[E 5’2] 2 (2545 -0) = 1045 = 22.361
0
32 32
31 | x‘6’5dx=[—5x‘“5] _sfLog)22
1 1 2 2

]_;:2[1—;]:1

33. J:sinxdx = [—cosx]g: 1-(-)=2

29, J(;(xz +x) dx = [%ﬁ

32j Sdv= 2j x2dx = 2[

34. I:(1+ cosx) dx = [x +sinx:|g

=(r+0)-(0+0)
=m=3.142

35. j 2sec?0d6=2[n6]"

=2(3-0)

=2J3~3.464
Smle o 51/6
36. [ esc?0dO=[coto] 7,

/6
=3-(=3)

=23 =3.464

37. Jj/ cscxcotx dx = [—csc ]n/ =(- f) (- f) 0

38_[ “4secxtanx dx = 4|:secx]”/3 42-1)=4

1 2 1 s .8 8
39. [ (r+1) dr—|:3(r+1) ]1_3—0_3



40. j; 1—[;/5 du = j:(u‘“z - l)du
_ [21[1/2 _u]z

=(4-4-(0-0=0
41. Graphy =2 —ux.

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

2
(2 _ Lol _
Over [0, 2: Jo(Z—x)dx—[Zx—Ex ]O =2

P _ 2l 3 52
Over [2, 3].J2(2—x)dx—|:2x—x ]2_2_ -

Total area = ‘2‘+ —1 = é
21 2

42. Graph y = 3x* - 3.

[-2, 2] by [-4, 10]
Over [-2, -1]:
[ (32> =3)ae=[ —3x:|:; =2-(-2)=4
Over [-1, 1]:
[ (352 = 3)atx=[ —3x:|]_l =2-2=—4
Over [1, 2]: _[12(3)62 ~3)dr =’ —3x]12 =2-(2)=4
Total area = ‘4‘+ ‘—4‘ + ‘4‘ =12
43, Graph y= x> —3x2 - 2x.

‘v

[0, 2] by [-1, 1]

Over [0, 1]:
1

1 1 1 1

0 4 X 4 4
Over [1, 2]:

2 1 ’ 11
J (x3—3x2+2x)dx: T N () P

1 4 1 2 4
Total area = l+—l —l

4 4/ 2
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44, Graph y= x> —4x.

[-2, 2] by [-4, 4]
Over [-2, 0]:

0
Jo(x3—4x)dx= l)64—2162 =0-(-4)=4
-2 4 _2
Over [0, 2]:

2
Joz(x3 —4x)dx = |:%)c4 - 2x2:| =4-0=—4
0
Total area = ‘4‘+‘—4‘ =8

45. First, find the area under the graph of y = x%
1

Jlxz dx = 1x3 =l
0 3 3

0
Next find the area under the graph of y = 2 — x.

2
Jz(Z—x)dxz[Zx—]xz] =2—§:l
! 2 | 2 2

Area of the shaded region = 1 + 1 = Bl
3 2 6

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

1

1
unzdx: Exyz _2
0 3 0o 3

Next find the area under the graph of y = x2.
2
2 1 1
J xrde=|=x> =§—7=z
1 3 ], 333

Area of the shaded region = §+% =3

47. First, find the area under the graph of y =1 + cos x.
I:(1+ cosx) dx = [x+ sinx]g =7

The area of the rectangle is 2.
Area of the shaded region = 27— 7 = 7.
48. First, find the area of the region between y = sin x and the

. T Sm
x-axis for | —, —|.
6 6

JSﬂ/6sinx dx = [—cosx]sm6 = \/g_(_g.] = \/5

/6 /6 2

2
The area of the rectangle is (sin;r)(ﬁ) = %

Area of the shaded region = \/5 —%

49. N[NT( , x, 0, 10):3.802

3+2 sinx



252 Section 5.4

2x% -1
50. NINT| ———, x, —0.8, 0.8 |~ 1.427

x =1
s1. %NINT(\/cosx, x.—1, 1)z 0.914

52. J8—2x% >0 betweenx = —2 and x = 2

NINT(V8—2x%, x,—2,2) ~8.886

53. Ploty, = NINT(e_’Z, t, 0, x),y2 =0.6 inal0, 1] by [0, 1]
window, then use the intersect function to find x=0.699.

54. Wheny =0,x = 1.

Velox
y= J1-+°
NINTR/1- %3, x, 0, 1) = 0.883
55. j f(t) dt+K = j: f(t) dt
K= —I;f(t) dr+ j:f(t) dt
= j f(t) di+ jb f(t) dt

= j; £(2) dt
K= jz’l(ﬁ —3t+1) dr

-1
“[1p_ 304
302 T
S DRI N LS
3 2 3 2

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

. . 1 1

that cos 2x = 1— 2 sin® X, SO sin? x = E_ECOS 2x.
0. 5

K:J sin” t dt
2
0

=J l—1005(2x) dx

212 2

0
= l)c—isin(Z)c)
2 4 )
11 ’
=|=x——sinx cosx
2 2

2
:0_(1_ sin2 0052]: sin2 cos2—2

=-1.189
2

57.(a) H(0)= j(? f(tdt=0

’ — d X —
(b) H'(x)= ;( I f(t)dt) = f@)

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

(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).

12
d) H(12)= .[o 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)>00n[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.

(f) H(x)>0on(0, 12].Since H(0) =0, H achieves its
minimum value at x = 0.
58. (a) s’(t) = f(¢). The velocity at t =5 is f(5) =2 units/sec.

(b) s”(t)= f’(t) <0 att =5 since the graph is decreasing, so
acceleration at t =5 is negative.

(©) s(3)= j 03 F(x)dx = %(3)(3) = 4.5 units

(d) s has its largest value at 7 = 6 sec since
s’(6) = f(6) =0and s”(6) = f'(6) <O0.

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

9
s(9)= .[0 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) = f’(3) > 0 so acceleration is positive.

(©) s3)= j 03 F(x)dx = %(—6)(3) =9 units

6
(d) s(6)= _[0 f(x)dx = %(—6)(3) + %(6)(3) =0, so the
particle passes through the origin att = 6 sec.
(e) s”(t)=f'(t)=0atr="7Tsec

(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°(z) >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.

60.

61.

62.

63.

64.

65.

66.

67.
68.

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

smaller than the area above the x-axis).
f(x)——(j f(t)dt) dx(x ~2x+1)=2x-2
d x 10 10
"(x)=—] 24| —dr |=—
£ dx( 01+t ) 1+x
f(©=10
f(0)= 2+j —dr—
L(x)= 2+10x

d x
f= 5( [, r® dr)

7(XCOS 7L'X)

:x(—n' sin n'x)+locos X
=—7x SIn7Tx+CoSTx
f(4)=—-4r sindrw+cosdm=1

One arch of sin kx is fromx = 0 to x = %

ik 1 (1) 2
Area = Jo sin kx dx=|:—%cos kx] :k_(_k):k
0

(a) Jz (6—x—x2)dx=[6x—lx2 —1x3]2

3
2 (Z
3 2
_125
6
. - _ 1
(b) The vertex is at x = ———=——. (Recall that the vertex
2(-1) 2
2 . b
of a parabola y =ax” +bx+cis atx:—z—.)
a
y 1 =§, so the height is é
2 4 4
(c) The base is 2—(=3)=5.
12
2 (oase) height = (5)( J =

True. The Fundamental Theorem of Calculus guarantees
that F is differentiable on I, so it must be continuous on 1.

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

always 0.
D.

D. See the Fundamental Theorem of Calculus.
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69.E. f(a)+ fl(a)(x=m)
f(m)=0
f(m)=-1

—l(x—m)=mr—x

70. E.

71. (a) f(¢) is an even function so _[_

0 sin(t) dl‘=J.x sin(t) dr
t 0 ¢

Si(—x) = J» vsm(t)

B JO sm(t) dr

B
= SN e~ _sicx)
0 t

sint

(b) 51(0)_j = di=0

(¢) Si’(x)= f(t)=0 when t = k, k a nonzero integer.

(@)

[~20, 20] by [—3, 20, 203]
72. (a) c(100)—c(l) = JIIOO(Zc)dx
X
100 100
_J 2 \/— [*/_]

=10-1=9 or $9

400
(b) ¢(400)—c(100) = f ( )dx

100

o v R

=20-10=10 or $10

73. jj[z—(HD )dx [2x+2(x+1)—1]z

= 6+l —2:2
2 2

=4.5 thousand
The company should expect $4500.

30
1 1 %
74 @) 30- oj [450—de—30[450x—6}

0
=300 drums

(b) (300 drums)$0.02 per drum) = $6

75. (a) True, because h’(x)= f(x) and therefore h”(x)= f'(x).

(b) True because / and h”are both differentiable by part (a).
(c) True, because A’(1)= f(1)=0.
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75. Continued
(d) True, becaue A’(1)= f(1)=0 and A”(1)= f’(1) < 0.
(e) False, because h”(1)= f'(1)<0.
(f) False, because h”()= f'(1)#0
(g) True, because h’(x)= f(x), and fis a decreasing
function that includes the point (1,0).
76. Since f(r)is odd, J._Ox fdt= —JOX f(t)dt because the area

between the curve and the x-axis from 0 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.

JO_ ftydt=— j_o f(t)ydt= —[— j 0 f(t)dt] = 0 f(ndt

Thus J.;f(t)dt is even.

0 x
77. Since f(¢) is even, _[_ fdt= .[o 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.

[ rwa=-]" fwar=-]" faar

Thus jo F(t)dt is odd.

78. If f is an even continuous function, then J.(: f(®)dt is odd,
but diJ’J f(@®)dt = f(x). Therefore, fis the derivative of the
x

odd continuous function _[OX f(@®adt.
Similarly, if fis an odd continuous function, then f'is the

X
derivative of the even continuous function .[o f(@dt.

79. Solving NINT (mtnt 1,0, x] =1 graphically, the solution is
x =1.0648397. We now argue that there are no other
solutions, using the functions Si(x) and f{(r) as defined in

Exercise 56. Since %Si(x) = f(x) = % Si(x) is
increasing on each interval [2k7r,(2k + 1)7[] and decreasing

on each interval [ (2k +1),(2k +2)x |, where K is a

nonnegative integer. Thus, for x > 0, Si(x) has its local
minima at x = 2krr, where k is a positive integer. Further-
more, each arch of y = f(x) is smaller in height than the

P peofar > [P o] . This

previous one, so_[
@kt

2km
. . k)7
means that Si(2k +2)7)—Si(2km) = Lk f(x)dx >0, so
Y3
each successive minimum value is greater than the previous

one. Since f(27) = N]NT(Smx x, 0, 271) ~1.42 and Si(x)
X

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

Si(x) # 1) forx = 2. Now, Si(x) = 1has exactly one
solution in the interval [0, ] 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 [, 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
[0,00). Also, there is no solution in the interval (—eo,0]

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

Section 5.5 Trapezoidal Rule (pp. 306-315)

Exploration 1 Area Under a Parabolic
Arc

1.Let y= f(x)=Ax*+Bx+C
Then y, = f(~h)= Ah> = Bh+C,

¥, = £(0)= A(0)* + B(0)+C =C, and
¥, = f(h)= Ah®> + Bh+C.

2. y,+4y,+y, = Ah* = Bh+C+4C+ Ah* + Bh+C
=2Ah?+6C.

h 2
3. Ap:f_h(Ax + Bx +C)dx
3 2 h
=lat+BY 1cx
372 .

3 2 3 2
Ly L LN L
372 372

3
= 2A%+2Ch

= g(zA;ﬁ +60)

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

h 2
Ap = §(2Ah +6C)
h
= g(yo +4y1 +y2).

Quick Review 5.5

1. y=—sinx

Yy’ =—cosx

y” <0 on [-1, 1], so the curve is concave down on [—1, 1].
2. y=4x*-12

Y’ =12x?

y”>0on[8, 17], so the curve is concave up on [8, 17].
3.y =12x2—6x

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



F N

8.

10.

.y’=lcos£
2 2

wo LooX
y ——4sm2

y” <0 on [487, 507], so the curve is concave down on
[487, 507].

yr — 2€2X
y” — 462,\‘

y” >0 on [-5, 5], so the curve is concave up on [-53, 5].

o1

y ==

X
1

=z

y” <0 on [100, 200], so the curve is concave down on

[100, 200].

, 1
y==—

X
»_ 2

0
y” >0 on[3, 6], so the curve is concave up on [3, 6].

y' =—cscx cotx

y” = (—cscx)—csc? x) +(cscx cotx)cotx)
=csc’ x+cscx cot’ x
y” >0 on [0, 7], so the curve is concave up on [0, 7].

y =—100x°

¥’ =-900x3

y” <0 on [10, 10'], so the curve is concave down on
[10, 10'].

y' = cosx+sinx

y” =—sinx+cosx
y” <0 on [1, 2], so the curve is concave down.

Section 5.5 Exercises

-0 1
1. h—— —
@ f(x)=ux, 7 5
X 0 1 1 3 2
2 2
1 3
0 — 1 = 2
S 5 5

T= 1[0+2(1)+2(1)+2(3)+2J =2
4 2 2

) f(x)=1Lf"x)=0

The approximation is exact.
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2-0 1
2 h=——=—
(@ f(x)=x 2 5
. o | 1L | ‘ 3 ’
2 2
1 9
0 — 1 = 4
S ‘ ‘ 4

4
= 1[0+ 2(1)+ 2D+ 2(9]+4) =275
4 4 4

(b) f(x)=2x,f"(x)=2>0on [0,2]
The aproximation is an overestimate.

2

(o) Jozxzdx = [%f] zg

0

3.(a) f(x):x{h:zzl—ozf

(=]

N | —
—

3‘2
2

~

0 8

o0 | —

() ‘ I ‘2

8
[0+2(1)+2(1)+2(27 +8J 4.25
4 8

() f'(x)=3x%,f"(x)=6x>0 on [0, 2]
The aproximation is an overestimate.

2
© jjx%zx - Bx“] —4

0
1 2-1 1
4.(a) f(x)= ;, =2 "2
4 | 2 | 4
4 2 4 1
A I ‘ 3 ‘ 7|2
T=1[1+2( )+2(2)+2( ) ] 0.697
8 3
) f'(x)=- ff"(x)—% O on/[l, 2]

The approximation is an overestimate.

(© indx = [1n\x\]12 =In2=0.693
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5.) f)=vrn=2"0_4

4
X ’ 0 ’ 1
f(®) ’ 0 ’ 1

T:%(0+2(1)+2\5+2\/§+2)z5.146

b) f(x)= —%x*” 2 )= —iﬁ’ 2<0o0n [0, 4]

The approximation is an underestimate.

© [Vrdr=| 257 16 5
0 xXax = 3X —3~ .

0

-0 =&
6. =sinx,h=——==—
(a) f(x)=sinx 1 1
by 0 T T 3 T
4 2 4
fx) 0 Q 1 Q | 0
2 2

T= ’;[0+2(‘/25]+2(1)+2[‘/2§]+0] ~1.896

(b) f'(x)=cosx,f”(x)=—sinx <0 on [0, 7]
The approximation is an underestimate.

(c) J:sinx dx = [—cosx]g =2
h
7. T=E(y0 +2y, +2y, + 42y, +yn)

j:f(x)dx = §(12+ 2(10) +2(9) + 2(11) + 2(13) + 2(16) + 18) = 74

h
8. T=E(y0 +2y, +2y, +- 42y, +yn)
ij(x)dx = %(16 +2(19)+2(17) +2(14) + 2(13) + 2(16) + 20) = 97

9, %(6.0+ 28.2)+209-D+--+2(12.7)+13.0)(30)

=15.990 ft*

10. (a) ?(0 +2(520) +2(800) +2(1000) +-- -+ 2(860)

+0)(20) = 26,360,000 >
(b) You plan to start with 26,360 fish. You intend to have
(0.75)26,360) =19,770 fish to be caught. Since
19,770

20 =988.5, the town can sell at most 988 licenses.

11. Sum the trapezoids and multiply by 3 ! 0 to change

seconds to hours

%(2‘0(0 +30)+(3.2-2.0)(30+40) + (4.5-3.2)(40+50)

+ (5.8—4.5)(50+60) + (7.7 - 5.8)(60 + 70)
+(9.5=7.7)(70 +80) + (11.6— 9.5)(80 + 90)

+ (14.9-11.6)(90 +100) + (17.8 — 14.9)(100 + 110)
+(21.7-17.8)(110+120) +(26.3—21.7)(120 + 130))

! = 0.633 mi = 3340 feet.
3600

12. Sum the trapezoids and multiply by 3 ! 0 to change

seconds to hours.

1 (1
3‘6()()(2)(0+ 2(3)+2(7)+2(12)+2(17)+ 2(25)+2(33)
+2(41)+48) = 0.045 mi = 238 feet.

13. (a) jozxdx =(”32)(0+4(;)+2(1)+4(2)+2) =2

22 2 a2
2 X 2 0
()Joxx 2, 2 2
2, 2\, (1Y o, (3 .,
14. @) [ Pde=| == |07 44] S| #2007 +4{ 2 | +2
0 3 2 2
8
3
32 3 3
2 S22 08
b =2 =2 4220
) J, ¥*ds 3, 737373
2 4 2 s (1Y 5 (3 4
15. (a) j Cdx=| —= |03 +4| = | +20)3 +4| 2| +2° |=4
0 3 2 2
4P 4 4
2, X2 00
(b)_[oxdx—40_4 4_4
2
16-(a)J LIRSS U (LY LI Y (LI P UL L
1 x 3 N1 {125 15 175) 2

~0.69325
21 2

() [ —dv=Inx|] =In2-In1~0.69315
1 x 1

17. (a) j(?\/de :(;)(\/6+4(\ﬁ)+2(\/§)+4(\/§>+(ﬁ))

=5.2522

4 2 42,32 2,32 16
(b) JO\/;dx=§x3/2‘O=§(4) -0 =7



18. (a) J:Sinxdx = (T](Sin(0)+4(8in(2))
+2(sin(§)]+ 4[Sin(34”JJ+ §in 7z ~ 2.00456

(b) J:sinx dx = —cosx‘;I = —cosn—(—cosO): 2

19. (@) f(x)=x>-2x,h= 3‘;‘” =1
s o] 2] s
fl 1] o] 4]

S= %(1+4(0)+2(—1)+4(4)+21) =12

(¢) For f(x)=x"=2x, M (, =0 since .
f

(d) Simpson’s Rule for cubic polynomials will always give
exact values since f (4) = 0 for all cubic polynomials.

20. The average of the 13 discrete temperatures gives equal
weight to the low values at the end.

21. (a) %(126+2-65+2-66+~-~+2-58+110) =841

1
12

av(f)=-—+841=70.08

(b) We are approximating the area under the temperature
graph. By doubling the endpoints, the error in the first
and last trapezoids increases.

22. Sketch a graph of 4 line segments joined at sharp corners.
One example:
y

23. Sy, =3.13791, S, = 3.14029

24. S, ~1.08943, S, ~ 1.08943
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25. S5, =1.37066, S,,, =1.37066 using a = 0.0001 as lower
limit
S5, =1.37076, S,,, =1.37076 using a = 0.000000001 as
lower limit

26. S5, =0.82812, S, = 0.82812

27. (a) T, ~1.983523538
Tygo = 1.999835504
Tyo00 = 1.999998355

(b)
n E,|=2-T,
10 0.016476462 = 1.6476462 x 1072
100 1.64496 x 1074
1000 1.645x107°
© [Ep, | <107 £,
7[2
) b—azn,hZ:—Z,M:I
n
2 3
g, |<E[ 7 |-
n|” 12\ n? 121
3
n -2
Epp, | € =107,
011 12 (10n) n

28. (a) S;,=2.000109517

S,60 = 2:000000011
S1000 = 2:000000000

b
( ) n ES :2_Sn
10 1.09517 x 10™
100 11x10°
1000 0

© [y, |=107Ey,|

4
@ b-a=mh*="7M=1
n

S . I
“180( »n* ) 180n*
5

o "
10117 180(10n)*

S

Sn
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24 in. . 2
29. h=——=4in 01 =0.005 < 0.01
Estimate the area to be
4 M nx2C05 2 o
J10+4(18.75)+2(24) +4(26)+ 2(24) + 4(18.75)+ 0] = Tol
.2
= 466.67in 38.(a) 7 (x)=—4x"+2x cos (x*)— 8x sin (x%) — 4x sin (x2)

30. Note that the tank cross-section is represented by the shaded
area, not the entire wing cross-section. Using Simpson’s
Rule, estimate the cross-section area to be

=-8x> cos (xz) —12xsin (x2)
f(4)(x) =-8x3+—2xsin (xz) —24x2 cos (xz)
| —12x-2xcos(x2)—12sin(x2)
g[yo T4y 2y, +4y;+ 2y, +4ys+ vl = (16x* = 12)sin (x*) — 48x2 cos (x?)

= %[1.5 +4(1.6)+2(1.8) + 4(1.9) + 2(2.0) (b)

+4Q2.D+2.1]=11.2 2
1

1
Length ~ (50001b)] ——— || —— |~ 10.63 ft
gth=( )(421b/ﬂ3)(11.2ftzj

31. False. The Trapezoidal Rule will over estimate the integral

[-1, 1] by [-30, 10]

if it is concave up. (c) The graph shows that —30 < f ®(x)<10 so
32. False. For example, the two approximations will be the ‘ £ x)‘ <30for —1<x<l1.
same if fis constant on [a, b].
33. A.LRAM < T <RRAM, so RRAM < 16.4. I
@l <SP0 ="
20 2 A
34.B. j 28148 448 128
2 2 2 2 o 04*
Eg|<=- <=~ =0.00853<0.01
=e*+2¢* +2e" + 72 3 3
- _ 2
4 > > 2 5
35.C. [Tsinxdr=""2l sin0+4[sin” O =20,
0 2 4
h
3 39. T, = E[y0 +2y, +2y, ++2y,  +y,]
+2 sm— +4| sin— [+sin7
2 4 :h[yo+y1+"‘+yn_1]+h[y1+y2+"'+y,,]
2
LI P V2 +2(1)+ 4 V2 +0 LRAM, +RRAM
2 2 2 =f

:%(H\/E)

h
40. S, = 5[)’0 T4y 2y, +Ayy et 2y,

36.C.
T4Y5, 11 V2,1

37.(a) f'(x)=2xcos(x?)

1
= g[h(yO +2y, 42y, + 2y, +y,,)
f7(x)=2x+—2xsin (x2)+2 cos (x2)

+(2h)(y1 tY;+Ys +"'+y2,,,1)]

=—4x? sin(x2)+2cos(x2) 2T, + MRAM b—a
=2 "7 where h= .
(b) 3 2n
/r_ _\ Quick Quiz Sections 5.4 and 5.5
/ \ 1.C. _[:f(x)dx=%((4—l)(10+30)+(6—4)(30+40)
[-1, 1]by [-3, 3] +(7-6)(40 +20)) = 160
(¢) The graph shows that—3< f”(x) <2 so |f”(x)|<3
for —1<x<1. 2.D. Jsin xdx = [ (SH; x) iJcosx
1- ( D

@|e,|<=CY

.2 .2
h)3)="- (—(sm ®) 2 JCOS 8_[—(sm M
3 3 3

i]cos 1=0.632
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_ Zax 2 4. 7
3.C. df(x)= —jz e dt A
2 2
df (x) = 2x=3)e" 3 29 |
dx
2x—-3=0
3 2 g
X=—.
2 i
4. (a) 2_0(sin 0+2 sin(0.5%)+ 2 sin(1.0%)
T 24) ' ' 2"
+2 sin(1.5%) + 2 sin@?)) = 0.744
) o 1(15 21 15
(b) chreaseson[O,x/E]and[\/27r,3]becausesm(t )>0 RRAM4:2(8+3 8+0) ?=3.75
=k= 4 (3 n(? dr=3K-0K =3K
© f(t)= —ajosm(t) t=3K-0K = 5.
4_
Chapter 5 Review (315-319)
LY I
4t ,L
2_
1 2"
T, = 1(LRAM +RRAM, ) = (15+15]:3.75
. 2 204 4
1 2
2 1 LT
2. Y 6. j (4x—-x)de=|2x2——x*| =8-4=4
4+ 0 4 0

i 7. n | LRAM, | MRAM, | RRAM,

10 | 1.78204 | 1.60321 | 1.46204
2 -
20 | 1.69262 | 1.60785 | 1.53262
30 | 1.66419 | 1.60873 | 1.55752

- 50 | 1.64195 | 1.60918 | 1.57795
100 | 1.62557 | 1.60937 | 1.59357
LRAM, : o+ 243421215555 1000 | 1.61104 | 1.60944 | 1.60784
20778 8) 4

37
n 8. dex (0]’ =1n5-In1=1n5=160944
N 2 5

< 9. (a) L foo) de==] f(x) dx=-3

2
2| / \ The statement is true.

() [ 1/ (0)+ gl dx

5 5
X =J_2f(x)dx+J_2g(x)dx
2 5 5
1(63 165 195 105 =L r@axe [ fdse [ g dx
S LRI Lo 4.125 - -
4 2(64 64 64 64) 4+3+2=9

The statement is true.
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9. Continued 13. The graph is above the x-axis for 0 <x <4 and below the
5 5 x-axis for4 <x <6
(©1If f(x) < g(x) on [-2, 5], then [ f(x)dv < [ g(x)dx,

4 6
Total area = j (4—x)dx—j (4—x)dx
but this is not true since 0 4

_[5 fx)dx = _[2 f(x)+_[5f(x)=4+3:7 and - {4x—lx2]4—[4x—ix2r
-2 -2 2 27 o 27,
5
_[_2 g(x)dx =2. The statement is false. =[8—-0]-[6-8]=10
: : T
10. (a) Volume of one cylinder: h=1 sinz(m.) Ax 14. The graph is above the x-axis for 0 < x < 5 and below the
. n
Total volume: V = ,}EILZ” sin (m ) Ax X-axis forE <xsrw

2
Total alea:_[n cosxdx—J.ﬂ cos x dx
(b) Use 7 sin” x on[0, 7). 0 2

N /2 . b4
NINT (7 sin®x, x, 0, 7) = 4.9348 =[sinxJ;"=[sinx ], ,
11. (a) Approximations may vary. Using Simpson’s Rule, the =1-0-(0-D=2
area under the curve is approximately 15. J'z Sdx = [5x]2 =10—-(-10)=20
1 2 ’2
5[0 +4(0.5)+2()+4(2)+2(3.5)+4(4.5)+

2(4.75)+4(4.5)+2(3.5)+4(2)+0]=26.5
The body traveled about 26.5 m.

16. j;’ dxdx= [2x2]2= 50-8=42

17. j:M cosxdx = [sinx]g/4= %— 0= \/5

® 2
30 1 1
18. [ 3 —dx+ Dde =[x’ -2 +7x |
2 L =6—-(-10)=16
\) ! 1
gt 19. [ 85— 125> +5)ds=[ 25" ~45>+55| =3-0=3
g L
(a1}
i 20. j 4dx [ f] =2 (-4)=2
1 1 1 1 1 1 1 1 t
10
i 27
Time (sec) 21 [Ty ay = [—3y*”*]l “1-(-3)=2
The curve is always increasing because the velocity is
alway.s p.osit.ive, and the graph is steepest when the 22. f 32 gy = [_2 —1/2]4 —1-(=2)=1
velocity is highest, at = 6. 1 t\/— 1

12. (a) j;o x3 dx

2. [sec?0d0=[n6])"=3-0=13

0 . P
(b) _[0 xsinxdx 2

NS

. J.le%dxz[ln|x|:|f=1—0=l

(©) j;o x(3x —2)% dx

I 36 ! 3
25. dx = | 36(2x+1)"dx
JO @x+1)° jo

0 14 de :[—9(2x+1)*2}:)

(e) _[ ( 9 —sin? ﬂx)dx =-1-(-9)=8

(@)
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5 | 2 5 33. (a) Note that each interval is 1 day = 24 hours
26. Jl X+ dx = L (x+x")dx Upper estimate:
X 24(0.020+0.021+0.023+0.025+0.028
{1 2 _1]2 +0.031+0.035)=4.392 L
=|=x"—x .
2 1 Lower estimate:
3 1 24(0.019+0.020+0.021+0.023+ 0.025
25_(_§)=2 +0.028+0.031) =4.008 L
0 0 24
27. J—m secx tan x dx = [sec xlm =1-2=-1 (b) 7[0.019 +2(0.020)+2(0.021) +---+2(0.031)

1 , +0.035]=42L
28. [ 2xsin(l-x%)dx = I:cos(l—xz):l =1-1=0
-1 -1 34. (a) Upper estimate:

3(5.30+5.25+5.04+---+1.11) =103.05 ft
Lower estimate:
3(5.25+5.04+4.71+---+0)=87.15 ft

22 gy= 2 e ol
2. | erldy_[21n|y+1|]0_21n3 0=2In3

30. Graph y=v4—x? on [0, 2].

(b) %[5.30+ 2(5.25)+2(5.04)+---+2(1.11)+ 0]

=95.11
35. One possible answer:

The dx is important because it corresponds to the actual
[-1.35, 3.35] by [-0.5, 2.6] physical quantity Ax in a Riemann sum. Without the Ax, our
integral approximations would be way off.

The region under the curve is a quarter of a circle of

radius 2. 4 0 4
36. fdx=| f(x)dx+| f(x)dx
JiNa-2? dx=1z2 =z L L k

= ji(x—Z)dx%—'[:xz dx

0 4
1
=[x -2x| + 1x3
2 o L3

31. Graph y =| x |dx on[—4,8] .

64 16
= [0—16]+[—0}=
3 3
[—4, 8] by [0, 8] 37. Let f(x) =1+ sin® x
The region under the curve consists of two triangles. max f = V2 since max sin® x = 1

min f = 1since min sin® x = 0

(min £)(1-0)< 'f;\/1+sin2xdx < (max f)(1-0)

8
[L1xlde=T@@+1@®)@®)=40

32. Graph y =64 —x* on[-8,8]. o<1sj(:\/1+sin2xdx <2
4
1 ¢4 12 5, 116 4
38. =— dx=—|— =—| —=0]|=—
f\ (@) av(y) 4_0.]’0\/; 4|:3x ]0 4( 3 ) 3
_ 1 qa _1)2 3/2a_2 312
[-9.4, 9.4] by [-3.2, 9.2] (b) av(y) = a—O-[O ax dx—g[gax }0_351
The region under the curve y =64 — x? is half a circle of p
radius 8. 39. d—y=\/2+cos3x
8 8 X
j_s 264 — x* dx=zj_8 64— x> dx=2[%n(8)2]=647r J .,
40. d—y= J2+cosP(7x?) « 0 (7x%) =14x+/2 + cos (7x?)
X

dy d x 6 6
41. —=—| - dt |=-
dx dx( -[1 3+1 ) 341t
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b4
dx dx

x 1 x 1
joz di-|, t2+ldt)

2 +1
1 1

= 5"
2x)"+1 x“+1
2 1

_4x2+1_x2+1

43. c(x) = J;%dt+50

=[4r"] +50
25

=4x =20+50

=4yx+30

¢(2500) = 4+/2500 + 30 =230
The total cost for printing 2500 newsletters is $230.

4. av(l)=— | 600+ 6001) dt
. a =—
"=

1 54
=—[600z+300r] = 4800
14 0

Rich’s average daily inventory is 4800 cases.
c(t)=0.041(t) =24 +24¢
1

1o B 24
av(c)—ﬁfo (24+241) dt_—[24z+12t ] -192

14 0

Rich’s average daily holding cost is $192.
We could also say (0.04)4800 = 192.

X

45. J'X(t3-2t+3) P L
0 4 .

1
=—x*t—x?43x
4

l)64—)62+3x:4
4

lx4—x2+3x—4=0

xt—4x>+12x-16=0

Using a graphing calculator, x = =3.09131 or x = 1.63052.

46. (a) True, because g’(x) = f(x).
(b) True, because g is differentiable.
(¢) True, because g’(1) = f(1) = 0.

47. j; 1+x* dx = F(1)- F(0)

48. y(x)= J:SIdet+ 3

49. y'=2x+l
x

1

y//:2_7

)

Thus, it satisfies condition i.
11
y(1)=1+j1 Cdi+1=140+1=2
y'(1)=2+%=2+1=3
Thus, it satisfies condition ii.
50. Graph (b).
[~ _[,27" 2 _ 2
y_jl 2t dt+4_[z ]1 +4=(2-D+4=x"+3

51. (a) Each interval is S5min = %h.
2—14[2.5 +2(2.4)+2(2.3)+---+2(2.4)+2.3]

=Y el
12

(b) (60 mi/h)(;h/gal) = 24.83 mi/gal

52. (a) Using the freefall equation s = %gt2 from Section 3.4,

the distance A falls in 4 seconds is %(32)(42) =256 ft.
When her parachute opens, her altitude is 6400 — 256 =

6144 ft.
(b) The distance B falls in 13 seconds is

%(32) (1 32) = 2704 ft. When her parachute opens, her

altitude is 7000 — 2704 = 4296 ft.

(c) Let ¢ represent the number of seconds after A jumps. For

t 24 sec, A’s position is given by

S,()=6144-16(t —4) = 6208 —16¢, so A lands at

t= 6?%: 388 sec. Fort >45+13 =58 sec, B’s position

(d) False, because g”(1) = f'(1) > 0.
(e) True, because g’(1) = f(1)=0and g”(1) = f'(1) > 0.
(f) False, because g”(1)= f'(1) # 0.

(g) True, because g’(x) = f(x), and fis an increasing 5224 )
function which includes the point (1, 0). lands at 7= 6 326.5 sec. B lands first.

is given by S;(¢) =4296-16(t —58) = 5224 -16¢,s0 B



53. (a) Area of the trapezoid = %(2h)(y1 +y3)=h(y, +y;)
Area of the rectangle = (2h)y, = 2hy,
h(y1 + y3) + 2(2}1)’2) = h(yl + 4y2 + y3)

() Leth=2=%.
n

h
S2n = E[yo +4y1 + 2y2 +4y3 + 2y4 +ot 2y2n_2
+4Y, 1t Y,
1
= g[h(yo +4y1 +y2)+h(y2 +4)’3 +)’4)+"'
(Y T4Vt Y2l
Since each expression of the form
(yy;_p 45,1+ ¥,;) is equal to twice the area of the
ith of n rectangles plus the area of the ith of n
2+ MRAM, +T,

trapezoids, §,, = 3

54. (a) g(1)= jll F@6)di=0
(b) g(3)= _[1 f@) dt= —5(2)(1) =-1

_ -1 _ 1 __l 2_
© g(=D=[ " f) di==[ f@)di=— (2 =z

(d) g’(x)= f(x); Since f(x)>0 for-3<x<1and
f(x)<0for 1< x <3, g(x) has arelative maximum at
x=1.

(e) g'(-H=f(-D=2
The equation of the tangent line is
y=(-m)=2(x+D)ory=2x+2-1m

® g”(x)=f'(x), f'(x)=0atx=-1and f’(x) is not defined

at x = 2. The inflection points are at x =—1 and x = 2.

Note that g”(x) = f’(x) is undefined at x = 1 as well, but

since g”(x) = f’(x) is negative on both sides of x =1,
x = 1is not an inflection point.

(g) Note that the absolute maximum is g(1) = 0 and the
absolute minimum is

_ -3 _ 1 _ l 2_
g(—3)—L £ dt_—j_3 f(0) di =~ m(2)* =-2m.

The range of g is [—27[,0].

55. (a) NINT(e "2, x ,~10, 10) = 2.506628275
NINT(e™* 72, x,— 20, 20) = 2.506628275
(b) The area is \/E
56. First estimate the surface area of the swamp.
2—20[146 +2(122) +2(76) + 2(54) + 2(40) + 2(30)
+13]=8030 ft>

3
(5 (8030 fi*) ly—d3 ~1500 yd®
27 f
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57.(a) V2=(v,,, )" sin* (120 7r)

Using NINT:

av(V?)= H;(Vm)z sin® (120 7t dt

= (V)? [ sin® (120 e} dr = (V. % _ %
2

(b) V., = 2402 = 339.41 volts

24 4
58. (a) Jo R(t)dt = 5 (9.6+2(10.3+109+11.1

+10.9+10.5)+9.6) = 253.2,

which is the total number of gallons of water that
flowed through the pipe during the 24 hour period.

(b) Yes, because R(0) = R(24), the Mean Value Theorem
guarantees that there is a number ¢ between 0 and 24
such that R’(c) = 0.

(©) O(r)=0.01(950 +25(4)— (4)*) = 10.58 gal/hr
59, f/(D=a)?+b(l)=—6
f7(x)=2ax+b
) =2a()+b=6
2a+b=6
—(a+b=-6)

a=12
b=-18

F(x)=12x>-18x
fx)= 4x*—9x% +¢
2 2
jl F(x)dx =jl 4x3—9x2 +cdy=14
(x*=3x3+cx) 12 =14
c=20
f(x)=4x3-9x2+20

60. (a) g (4)=%(1 B+D+2(1A+(-hy=2
1 9
§(=2)= E(_3(3+0)) ==

b)) g@=52)=1

(c¢) The minimum value is g (-2) = 2

(d) g has a point of inflection at x = 1. It is the only place
where the slope goes from positive to negative.



