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Chapter 5
The Definite Integral

m Section 5.1 Estimating with Finite Sums
(Pp. 247-257)

Exploration 1 Which RAM is the Biggest?

y y y
5 5 5
ab 4 ab
3t 3—\ 3F
2t 2k TN 2t
1} — 1t < 1t
2 3~ T 2 3 % T 2 3 %
1. LRAM > MRAM > RRAM
y y y
5 st 5t
4 4{ 4
3 3f 3f
UM A TH T
1 2 3 * T 2 3 ° [ 2 3 %

2. MRAM > RRAM > LRAM

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

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 - 3hr = 144 mi

3. 10 ft/sec? - 10 sec = 100 ft/sec

Lmi 36005 _ o190
5280ft  1h

4. 300,000 kin/sec - 3000 sec | 24hr 365 days
~ 046 x 102 km M lda  1yr

5. (6 mph)(3h) + (5 mph)(2h) = 18 mi + 10 mi = 28 mi

100 ft/sec -

lyr

60 min
1h

7. (-1°C/h)(12 h) + (L5°C)(6 h) = —3°C

6. 20ga/min-1h- = 1200 ga

3600sec  24h _ 3
" 1y | L0 = 259200001t

9. 350 people/mi? - 50 mi% = 17,500 people

10. 70 times/sec - 36‘1°hse° .1h- 0.7 = 176,400 times

8. 300 ft¥/sec -
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Section 5.1 Exercises

1. (a) y
2L
R
2 X
®
2k
2 X
AX = %
w20 - 07+ o) - (3 ) o0 - @2+ [3) - ) - 3 1
2. (a) y
2L

X

o3 - ~ (Y« o - (3 o - o
b)

/ AN

2 X

wrane: [25) (3 31+ [25) - (1) (30) - (1) + (20 - () - 5 - 2

3["n [LRAM_ [MRAM_[RRAM_

10 |1.32 134 132

50 |1.3328 [1.3336 |1.3328
100 [1.3332 |1.3334 [1.3332
500 | 1.333328 | 1.333336 | 1.333328

4. The areais 1.333 = g
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10.

11.

Section 5.1

n |LRAM, [MRAM, |RRAM,

14.445
13.6818
13.59045
13.518018

10 |12.645

50 |13.3218
100 |13.41045
500 |13.482018

13.4775
13.4991
13.499775
13.499991

Estimate the area to be 13.5.
MRAM |

n [LRAM RRAM_

n

10 |1.16823
50 |1.11206
100 | 1.10531
500 |1.09995 |1.09861 |1.09728
1000 | 1.09928 | 1.09861 |1.09795

Estimate the area to be 1.0986.
MRAM_ |RRAM

1.09714
1.09855
1.09860

1.03490
1.08540
1.09198

n |LRAM

n

10 {0.98001
50 |0.90171
100 |0.89190
500 |0.88404 | 0.88208 |0.88012
1000 | 0.88306 | 0.88208 |0.88110
Estimate the area to be 0.8821.

MRAM_ [RRAM_

0.88220
0.88209
0.88208

0.78367
0.86244
0.87226

n |LRAM

n

10 [1.98352
50 |1.99934
100 |1.99984
500 |1.99999

2.00825
2.00033
2.00008
2.00000

1.98352
1.99934
1.99984
1.99999

Estimate the area to be 2.

. LRAM:

Area

=~f(2.-2+f4)-2+f6)-2+ - +(22) -2
=2-(0+06+14+--+05

=448 (mg/L) - sec

RRAM:

Area

~f(4)-2+f6)-2+f@8) -2+ .- +f(24) -2
=206+14+27+ - +0)

= 44.8 (mg/L) - sec

Patient’s cardiac output:

5 mg
44.8 (mg/L) -+ sec
Note that estimates for the area may vary.

X 60 sec
1 min

~ 6.7 L/min

(@) LRAM:1-(0+12+22+10+5+ 13+ 11+ 6
+2+6)=87in. = 7.251t

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

5 min = 300 sec
(@ LRAM:300- 1+ 1.2+ 1.7+ -+ +1.2) =5220m
(b) RRAM: 300 - (1.2 + 1.7+ 20+ --- +0) = 4920 m

12. LRAM: 10 - (0 + 44 + 15+ - + 30) = 3490 ft

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

3490 ft + 3840 ft
2

13. (a) LRAM: 0.001(0 + 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.

14. Usef(x) = V25 — x? and approximate the volume using
7r?h = (V25 — n?)?Ax, so for the MRAM program, use

m(25 — x?) ontheinterval [—5, 5].

Average = = 3665 ft

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

7(5)3 = 207 — 52350878
3

n error | % error
10 |2.61799| 05
20 | 0.65450| 0.125
40 [0.16362 | 0.0312

80 | 0.04091 | 0.0078

160 0.01023 | 0.0020

16. (a) Use LRAM with 7(16 — x?).
§, = 146.08406
S, is an overestimate because each rectangle is above
the curve.

V_
(b) % ~ 0.09 = 9%

17. (a) Use RRAM with (16 — x?).
88 ~ 120.95132
S, is an underestimate because each rectangle is below
the curve.

(b) @ ~ 0.10 = 10%

18. (a) Use LRAM with 7(64 — x?) on the
interval [4, 8], n = 8.
S= 37227873 m°

(b) @ ~0.11 = 11%

19. (a) (5)(6.0 + 8.2+ 9.1 + --- + 12.7)(30) =~ 15,465 ft3
(b) (5)(82+ 9.1+ 9.9+ --- + 13.0)(30) =~ 16,515 ft°

20. Use LRAM with 7x on theinterval [0, 5], n = 5.
10 + 7 + 27 + 37 + 47) = 107 =~ 31.41593



21. Use MRAM with 7x on the interval [0, 5], n = 5.

1(177 + 3+ 2 Ir 977) = 2, ~ 3926991
2 2 2 2 2 2
22. (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
fallenis 32.00 + 51.41 + 63.18 = 146.59 ft.

23. (8) 400 ft/sec — (5 sec)(32 ft/sec?) = 240 ft/sec
(b) Use RRAM with 400 — 32xon [0, 5], n = 5.
368 + 336 + 304 + 272 + 240 = 1520 ft

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

(b) Upper = 70 + 97 + 136 + 190 + 265 + 369 + 516
+ 720 = 2363 gl
Lower = 50 + 70 + 97 + 136 + 190 + 265 + 369
+ 516 = 1693 gal

(c) 25,000 — 2363 = 22,637 gd
22,637

~ 31.44 h (worst case)
720
25,000 — 1693 = 23,307 gd
23307 _ 35 37 h (best case)
720

25. (a) Since the release rate of pollutantsisincreasing, 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 + 0.25 + 0.27 + 0.34 + 0.45 + 0.52)

=~ 60.9 tons of pollutants

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 + 0.27 + 0.34 + 0.45)

=~ 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
+ 0.52 + 0.63 + 0.70 + 0.81) =~ 126.6 tons.
Therefore, atotal of 125 tons will have been released
into the atmosphere by the end of Octaber.

26. 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).

27. (a) Thediagona of the square has length 2, so the side

length is V2. Area = (V2)2 = 2
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(b) Think of the octagon as a collection of 16 right

triangles with a hypotenuse of length 1 and an acute

angle measuring 21—2 = %

S

=4snZ
4

=2V2~2828

(c) Think of the 16-gon as a collection of 32 right triangles

with a hypotenuse of length 1 and an acute angle

measuring 2—727 = 116

Area = 32(%)(si n %)(cos %)

=8sin % ~ 3.061
(d) Each areais less than the area of the circle, 7. Asn

increases, the area approaches .

28. The statement is false. We disprove it by presenting a
counterexample, the function f(x) = x? over the interval

0=x= 1, withn = 1. MRAM, = 1f(0.5) = 0.25
LRAM1 + RRAM1 _ 1f(0) + 1f (1)

2 2

=0%1_05+MRAM
2 1

29. RRAM f = (AX)[f(x)) + f(x) + - + F(x _,) + F(x)]
= (AQ[F(xg) + F(x) +T(x) + - +F(x,_)]
+ (A0[Fx) = %)
= LRAM_f+ (A[f(x) — f(x)]
But f(a) = f(b) by symmetry, sof(x ) — f(x,) = 0.
Therefore, RRAMnf = LRAMnf.

30. (a) Each of the isosceles triangles is made up of two right
triangles having hypotenuse 1 and an acute angle

measuring i—: = % The area of each isosceles triangle

iSA; = 2<%>(sin %)(cos %) = % sin 2777

(b) The area of the polygon is

_ _n_ 27
AP—nAT—ESnT,S)
lim A, = lim 2sin 2% = 7
now now 2 n

(c) Multiply each areaby r

ATzlrzsinz_ﬂ-
2 n
APZErZSI’]Z—W
2 n

l = 7r2
fim &, =
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m Section 5.2 Definite Integrals
(pp. 258-268)

Exploration 1 Finding Integrals by Signed Areas
1. —2. (Thisisthe same areaasrsjn x dx, but below the
0

X-axis.)

PN

w

[—2m, 27 by [-3, 3]

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

PN

[—2m, 27 by [-3, 3]

3. 1. (Thisis half the areaof | sinx dx)
0

P

e

[—27, 27 by [-3, 3]

4. 27 + 2. (The same areaasj sin x dx sits above a rectangle
(¢}
of area7 X 2.)

[—27r, 2] by [-3, 3]

5. 4. (Each rectangle in atypical Riemann sum is twice as tall
asinf sin x dx.)
0

A

\/

[—27, 27 by [-3, 3]

6. 2. (Thisisthe sameregion asin f sin x dx, translated
2 units to the right.) ¢

NS

[=2m, 2@ by [-3, 3]

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

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

wide asin Jmsjn X dx.)
0

[—27, 27 by [—3, 3]
9. 0. (The equal areas above and below the x-axis sum to
zero.)

N £
R

[—2m, 27 by [-3, 3]

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

[—2m, 27 by [-3, 3]

Exploration 2 More Discontinuous Integrands
1. The function has a removable discontinuity at x = 2.

g

[-4.7,47] by [-11,5.1]
2. Thethin strip above x = 2 has zero area, so the area under

3
the curve is the same as f (x + 2) dx, which is 10.5.
(0]

JFOade=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
[ine) dx=0+1+2+3+4=10.
0

SElxdde=10
[—27,6.7] by [-1.1, 5.1]

Quick Review 5.2

L3 (@2 + (27 + (37 + (@ + (5 = 55
n=1

2 i(sk —2)=[3(0) — 2] + [3(1) — 2] + [3(2) — 2]
K=
+[3(3) — 2] +[34) — 2] = 20

3. _2100( j+1)2=100[(1)> + (2% + (3> + (4 + (5]
e
= 5500
99
4. k;k
25
5. kZO2|<
E 2
S 3k
6 k;s

50 50 50
7.2% X%+ sz = (2 + 3
x=1 = x=1

X

8. ix" + ixk = ixk
K= K= K=
n
9. kZO(_l)k = 0if nisodd.

n

10. ¥ (-1)K = 1if niseven.
2

Section 5.2 Exercises

n 2
L lim % cAx = f x? dx where P is any partition of [0, 2].
[Pl - 0i&1 0
n

5
2. lim c?—3c)Ax, = | (x*— 3X) dxwhere Pisan
Jim 3 (62 - 36)%, [ y

partition of [—7, 5].

n 4
3. lim iAxk: f ldx where P is any partition of [1, 4].
I~ 051 1X
- 1
4. lim >
IPl~0&L 1= G

3
_ 1 . .
Ax, = L—l 5 dx where P is any partition

of [2, 3].
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n

1
5. lim V4—ck2Axk=f V4 — x? dx where P is any par-
(0]

Pl 0k=1

tition of [0, 1].

n T
6. lim Y (sn®c)Ax = | sin®xdxwherePisany
Hpuaok; KK LT

partition of [—r, ).

7. fl 5dx = 5[1— (-2)] = 15
—2
7
8. | (—20) dx = (—20)(7 - 3) = —80
3
3
9. fo(—160) dt = (—160)(3 — 0) = —480
10. f_;% d=2-1- (-4 ==
3.4
11 [ 05ds=05[34— (-2.2)] = 275
—2.1

Vis
12.f V2dr=V2(V18 - V2) = 4
V2

13. Graph the region under y = % +3for —2=x=4.

fz(g + 3) dx = %(6)(2 +5 =21

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

N

x
I
NI
x
1
Nlw

3/2
[ex+ym=toe+n=2
12 2
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15. Graph the region under y = V9 — x?for -3 = x = 3.

AN

Thisregion is haf of acircle of radius 3.

3
| Vo—Rax= 12 =
-3

16. Graph the region under y = V16 — x? for —4 = x = 0.

The region is one quarter of acircle of radius 4.

{0}
| Vie=x dx= %77(4)2 = 4r
—4

17. Graph the region under y = |x for —2 = x < 1.

| Hex=2e@ + tow=2

18. Graph the regionundery = 1 — |x/ for —1 = x = 1.

AN

L 1
[ a-Ka=1om=1
-1 2
19. Graph theregionundery = 2 — X/ for —1=x = 1.

y
2

fl @-K)dx=2m@a+2+ina+2=3
1 2 2

20. Graph theregionundery = 1+ V1 — x°for —1=x = 1.

l/\

x

f_ll(l + VI dx= (1) + %77(1)2 =242

21. Graphtheregionundery = 0 for w = 6 < 27

y
27t

0

T 21

2 2
| HdGZ%(Zw—W)(Zw—FW):S%

T



22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Graph the region under y = r for V2=r=5V2
y
10+
— — L>r
V2 52 10
5V2 1
fw rdr= E(5\5 —-V2)(V2+5V2) =24
2

b1 1
jo xdx = S(B)(b) = 2b

b 1
[ 4xax = Lby(an) = 202

o 2

b 1
[[2sds= (b — a)(2b + 22) = b? — 2
a

b 1 3.2 2
[t =1 - a)@b + 38) = 32 - )
a 2 2

2a 2
f xdx:%(Za— a)(2a+ a) = 3%

V3a
f X dx = %(\/éa —a)(V3a+a) = %(3&12 — a2 = a?

Observe that the graph of f(x) = x® is symmetric with

respect to the origin. Hence the area above and below the

x—laxisis equa for —1=x=1.

f x2 dx = —(area below x-axis) + (area above x-axis) = 0

-1

The graph of f(x) = x® + 3 isthree units higher than the

grlaph of g(x) = x%. The extraareais (3)(1) = 3.
0C+3ax=1+3=2

0

Observe that the region under the graph of f(X) = (x — 2)°

for 2 = x = 3isjust the region under the graph of

g(x) = x3for 0 = x = 1 trandated two units to the right.

E(x - 2)%dx = folx3 dx = %

Observe that the graph of f(x) = |x is symmetric with
respect to the y-axis and the right half is the graph of
g(x) = x.

J:Ms dx = 2J:X3 dx = %

33.

35.

36.
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Observe from the graph below that the region under the
graph of f(X) = 1 — x®for 0 = x = 1 cutsout aregion R
from the square identical to the region under the graph of
gx) =x3for0=x=1.

y

1
y=f(x) R

X

' 3 ta 1
J;(l—x)dx—l—jox dx—l—Z 2

. 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 areais equal to
the area of the region under the graph of g(x) = x> for
O0=x=1

E(\x\ 1Pk = 2(_%> N (%) _ _%

Observe that the graph of f(x) = @3 for 0= x=2isjust
ahorizontal stretch of the graph of g(x) = x3for0=x=1
by afactor of 2. Thus the area under f(x) = (g)g for

0 = x = 2 istwice the area under the graph of g(x) = x°

for0=x=1.

2 3 1
XN ax=2[ @ax =1
fo<2> dx ZJO xX° dx 5
Observe that the graph of f(x) = x% is symmetric with

respect to the origin. Hence the area above and below the
x-axisisequal for -8 = x = 8.

8
f x3 dx = —(area below x-axis) + (area above x-axis) = 0
—8
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37. Observe from the graph below that the region between the 44. (a) The function has discontinuities at
graph of f(x) = x3 — 1 and the x-axisfor 0 = x < 1 cuts x=-5 -4 -3, -2,-1,0,1,2,3,4,5.
out aregion R from the square identical to the region under (b)
the graph of g(x) = x3for 0 = x = 1.
y
T X
[—6,5] by [—18, 4]
5
| 2int(x - 3) dx = (~18) + (~16) + (~14)
-6
Y=/ +(~12) + (—10) + (—8) + (=6) + (—4) + (-2)
4 +0+2=-88
1 45. (a) The function has a discontinuity at x = —1.
3 1 3
[oé-nd=-1+1=-2 b)
o 4 4

38. Observe from the graph below that the region between the

3
graph of f(x) = V/x and the x-axis for 0 < x < 1 cuts out a

region R from the square identical to the region under the [=3. 41 by [~4,3]

*x2-1 1 1 7
graph of g(x) = x3for0 = x = 1. jﬁ . dx = —2@@) + 5306 = —

3x+1
y 46. (a) The function has a discontinuity at x = 3.
1 (b)
R y=f()
[75v 6] by [79v 2]
6 2
9 4 = Loy - Ligyg) = _ 77
L, [ 225 =200 - 300 = -2
47. (a) Asx approaches 0 from the right, f(x) goes to .
1
f Vidx=1-1=3 o )
0 4 4 (b) Using right endpoints we have
X ~
39, NINT<X2+4, X, 0, 5) ~ 0.9905 [Loin$ (2, (1)
2 2
4.3+ 2. NINT(tan %, %, 0, %) ~ 43863 oXT ne=i: (E) n
n
41. NINT(4 — x4 x, —2, 2) ~ 10.6667 =lim Y -5
nooo K=
42 NINT(x% ™% x, —1, 3) ~ 18719 e 1
; - A =I|mn<1+—2+---+—2>_
43. (a) The function has a discontinuity at x = 0. n-o 2 n
(b) Notethatn<1+%+---+$>>nandn_>oc,so
1 1
n<1+—2+ +?) By
=1,k
[-2.3by[~22] 48.(@) A==
2

fidx:—2+3=1

) L

© %kzlkz _ % . n(n + 1)é2n +1) _nn+ :lgr(]%n + 1)



©

o m 344

noow K= n-o 6n
23+ 3n%+n
= lim 3
noo 6n
_2_1
6 3

1
© Sincef x? dx equals the limit of any Riemann sum
0
over the interval [0, 1] as n approaches «, part (d)

1
proves that f X2 dx = 2.
0 3

m Section 5.3 Definite Integrals and
Antiderivatives (pp. 268-276)

Exploration 1
of a Circle?

1. The chord istwice aslong as the leg of the right triangle in

How Long is the Average Chord

the first quadrant, which has length V'r2 — x? by the
Pythagorean Theorem.
y
/ \r2—x?
r
\j/ X
r
2. Average value = - t r)f 2Vr? — x2 dx.
—(=r) J—r

r
3. Average value = %f V2 — x° dx
—r

=

- (area of semicircle of radiusr)

a2

2

= |k

I\)‘i

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

. . . T
achord of acircle of radiusr is %

5. The functiony = 2Vr? — x? is continuous on [—r, r], SO
the Mean Value Theorem applies and thereisacin [a, b]

so that y(c) is the average value %r
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Exploration 2 Finding the Derivative of an
Integral

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

M /1.
U/

1. We have chosen an arbitrary x between a and b.
2. We have shaded the region using vertical line segments.

y

X
3. The shaded region can be written as f f(t) dt using the
a
definition of the definite integral in Section 5.2. We uset 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).

g A
\Y

AF

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.

\Y

AF

y

7. Now the (signed) height of the newly-added vertical
segment is f (x).

8. The (signed) area of the segment is AF = Ax - f(X),

. AF
0 F'(X) =lim — = f(X
(9 = lim 22 =109
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Quick Review 5.3 © f [2(x) — 3h(X)] dx = J 2f (X) dx — f 3h(x) dx

1 @

L Snx —2ff(x)dx—3f h(x) dx
2. Y cosx =25 —-34 =
dx
1 9
g Oy _sextnx _ (d)fgf(x)dx=—flf(x)dx=1
dx SEC X
d 7 9 7
4 By _oosx _ o © [ 109 ax= 109 dx+ [ 1(x) o
dx sinx 1 1 9
*Jgf(x) dx—fgf(x) dx
5.Q:svecxtanx+sec2x:SECX = 8
dx sec X + tan x
- -1-5=-6

6.ﬂ=x(%)+lnx—1=lnx

dx
) f [h(x) — £()] dx = f h(x) dx — f £(x) dx
7 g=(n+1)x”=Xn
" n+1 =—jh(x)dx+jf(x)dx
dy _ 1 x_ __2In2 =-4+5=1
8 o~ T (NP2 ey
2
d X X . =
0o ¥_ere 3@ [f@du=5
d 1 bfzx/éf d \ffzf dz=5V3
y _ 2)dz=V3 2)dz=5V3
10, 5= 71 (0) | V3@ @
1 2
Section 5.3 Exercises (© L f(t)dt = — L ft)dt = —

2
1 (a) Lg(x) dx=0 (d) fz[—f(x)] dx = —fzf(x) dx= -5
1 1

1 5
©) [0 &x =~ g9 dx = =8 4.@ | o di= - j:g(t) dt=—V2

2 2
© f3f(><) dx:3f fO) dx = 3(—4) = — (b) jo () du= V2
-3

= 0 0]
) ff(x) dx = ff(x) dx+ff(x) dx © Lg[_g(x)] o _Lsg(x) b= /3

=_ff(x)dx+ff(x)dx ) )
=4+6=10 (d)f@dr:if g dr=1
(e f[f(x) —g(X)] dx= Lsf(x) dx — f:g(x) o 5. (a) ff(z) dz—f f(2 dz+f f(2) dz
—6_8= 2 =—f f(z)dz+ff(z)dz
- 3+7=4
® j [4f(x) — g()] dx = f 46(x) dx — f 903 dx
X 3
—4f F) dx—J'g(x) ox 0 [ o= ff(t) dt+jf(t) dt
=4(6) —8=16 = —f f(t) dt+ff(t) dt
- 7+3=-4

9 9
2. (a) jl—zf(x) dx = —2flf(x) dx= —2(-1) =2 . B .
6. (a) fl h(r) dr = fl h(r) dr + Lh(r) dr

9 9 9
(b) [ [£09 + hoo dx= [ 109 dx + [ hoo dx L 3
: . 7 = h(r)dr+j h(r) dr = 6

—5+4=9
(b) f h(u) du= — f h(u) du f h(u) du
—f h(u) du — fl h(u) du =



10.

11.

12.

13.

14.

15.

16.

. An antiderivative of 5x isF(x) = gx

. An antiderivative of 7 isF(X) = 7x.

1
[7ox=F@)-F@=7-21=-14
3
2

2
[[sxax = F(2) - F) = 10-0=10
(0]

2
. An antiderivative of g isF(X) = %
5
X G — _ -2_9 _
L Xax=FE -F@=2-2-1

An antiderivative of 2t — 3isF(t) = t* — 3t.
2
[-3d=F@-FO=-2-0=-2
(0]

An antiderivative of t — V/2is F(t) = %tZ ~tV2.
V2
f t-V2dt=FV2)-F0=-1-0=-1

0

2
An antiderivative of 1 + % isF@=z+ ZZ'
1
z 5 7
+ = = — = = — = —
L (1 2) &z=F1)-F@=2-3=-1
An antiderivative of % isF(X) = tan 1 x.
1+x

flﬁ dx = F(1) — F(-1) = 7 - (_z) -7

An antiderivative of 1

iIsF(X) =sin" " x.

—
f”z o _ e\ m
—u2\/1 = x2 (2) (2) 6 ( 6) 3

An antiderivative of e*isF(x) = €*.

j:ex dx = F(2) — F(0) = € — 1 ~ 6.389

An antiderivative of szl isF(x) = 3Injx + 1.
3 3dx
ox+1

=3In4-0

=F(3) — F(0)

=3In4 = 4159

17.

18.

Section 5.3

Divide the shaded area as follows.

y
3

Ry

Ry 2

215

Note that an antiderivative of x2 — 1 is F(x) = %XS —x

Areaof R = 3(1) = 3
Areaof R, = (3)(1) - f(x2 ~ 1) dx
=3—-[F(2 - F(D)]

5[ (-31-3

Areacf R, = —fo(xz— 1) dx
= —[F(D) - F(O)]
{113

Total shaded area =3 + 2 + 2 = 16
3 3 3

Divide the shaded area as follows.

y

3 2
=3-3x
5>
Ry

L Ry

-9

Note that an antiderivative of 3 — 3x?is F(x) = 3x — x°.

Areacf R, = fol(s — 3x) dx = F(1) — F(0) = 2
Areaof R, = (9)(1) = 9
>
Areaf R,= (9)(1) + fl 3 - 3 dx
=9+ [F(2) — F(2)]
—9+(-2-2 =5
Total shadedarea=2+ 9+ 5= 16
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19. Divide the shaded area as follows.

20.

21.

y
225} y=3x2
Ry
1 1 l X
R, |*
4

Note that an antiderivative of 3x — x? is F(x) = gxz - %x3.
Areaof R, = fg(sx ) dx=F@) -FO)=2-0=2

R1 o 2 2

4

Areaof R, = —L(3x—x2) dx
= —[F(4) - F@3)

—(8_9_1u

- <3 2>_6

9. 11_19

3

Total shaded area = — + — =
2 6

Divide the shaded area as follows.

y=x%-2x

Note that an antiderivative of x2 — 2x is F(x) = %x3 — %2

2
Areact R, = —fo(xz— 2%) dx

—[F(2) — F(0)]

-4

Areaof R, = L(x2 — 2X) dx
=F@) - F(2
o4

Total shaded area= 2 + 2 =8
3 3 3

An antiderivative of x2 — 6x + 8isF(x) = %x3 — 3%% + 8x.

€) La(x2—6x+8)dx=F(3)—F(O)=6—O:6

2 3
(b) Area=J;(x2—6x+8)dx—L(x2—6x+8)dx
=[F(2) — F(0)] — [F(3) — F(2)]

(379633

22.
[0, 2] by [-5, 3]
An antiderivative of —x? + 5x — 4 s
- 13,502
F(X) = 3x3 + 2x2 ax.
@ f:(—x2 +5x -4 dk=F(@) ~F(O) = —2-0=-2
1 2
(b) Area= —[ (—x2 + 5x— &) dx+ [ (> + 5x — 4) ok
0 1
= —[F(D) - FO)] + [F(2) — F(D]
— (1 _ _2 1.
*<6 O)Jr[s(eﬂ 3
23,
[0,3] by [-3, 2]
An antiderivative of 2x — x2isF(X) = x% — %x3.
3
@ [ (2x- ) d«=F@ - FO =0-0=0
2 3
(b) Area= [ (2x — ) dx— [ (2x — ) dx
0 2
=[F(2) — F(0)] - [F(3) — F(2)]
_ (4 _ 4\ _8
“59-0-3)3
24, /

An antiderivative of x* — 4xis F(x) = %)@’ - 2.

(@ jS(X2*4X) dx = F(5) — F(0) = B _45-_5
0 3
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4 5 30. The region between the graph and the x-axisis a rectangle
(b) Area=—f (x2—4x)dx+f(x2—4x)dx * g d

0 4 with a half circle of radius 1 cut out. The area of the region
= —[F(4) — FO)] + [F(5) — F(4)]

S SEN R

is2(1) — %77(1)2 =4 ==

av(f) = 4 £ dt—f<4Tﬁ)—4;”.
25. An antiderivative of x2 — 1isF(x) = §X - X.

_ 1 f 02 — 1) dx 31. There are equal areas above and below the x-axis.

av(f) = ifzwf(t) dt=-L.0=0
= L{F(\/é) - F(O)} 2o 21

%(0 0) = 32. Sincetan 0 is an odd function, there are equal areas above
Findx = cin [0, \f] 3 suchthatc® — 1=0 and below the x-axis.
— 4
=1 av(f) = -+ f(e)de—g 0=0
c=+1 w2 T

Since 1isin |0, \/5],x: 1
33. minf=%andmaxf=1

. . . X2. )(3 1 1
26. An antiderivative of ——isF(X) = ——. - = Sox=1
2 6 2 1+x
103 %2 1 9 3 °
av =1 () &= 2F@ — FOI = 7(—7) =3
3ol 2 3 2 2 a1 (05 - 16
Findx:cin[0,3]suchtha¢—%: 2 Al )__

1\/16 ! 1
c?=3 (2)(17) L 1+x4 dxs@(l)
c=+V3 8- > 1 dx =2

- 17 o 1+ x4 2
! - _ 11 1 116
Since V'3isin [0, 3], x = V3. (2 (2)15 T dx < (2)<17>
. . . 2 . 3 1 = ! 4 dx = i
27. An antiderivative of —3x* — LisF(x) = —x> — x. 4 Josl+X 17
1t 8,1 "1 x=t+28
=2 (-3¢ - 1 dx = F(1) - F(0) = —2 74 hiexdT T2
- Lo - 49 _ Jl 1 dxsﬁ
Findx = cin[0, 1] suchthat —3c> — 1= —2 68 Jo1+ x4 34
-3c2=-1 o
35. max sin (x°) = sin (1) on [0, 1]
1 1
=3 fosin(xz)dxssin(l)<1
c=+_1
3 36. max Vx+8=3andmnVx+8=2V2on]0, 1
V3 Vx+ 8= d Vx+8=2V2
! 1. . 1
Since—isin[0, 1]. x = —.
NG NG 2\/_sf0‘\/x+8dxs3
o . 1
28. An antldsrlvatlve of (x — 1)?isF(X) = S 1%, 37. (b— a) minf() = 0on [a b]
== 1)2ax =1 _ 18, 1y _ ) b
3f0 (x = 1)7dx 3[F(3) FO) 3(3 + 3) 1 O0=(b—amnf(x) = Lf(x) dx
Find x = cin [0, 3] such that (c — 1)° = 1.
c—-1==1 38. (b — a) max f(x) = 0on|a, b
c=2orc=0. b
Since both arein [0, 3], x =0o0r x = 2. Lf(x) dx=(b-amaxf(x) =0

29. The region between the graph and the x-axis is a triangle of

height 3 and base 6, so the area of the region

is (36 =

1 2
av(f) = Ef_4f(x) dx = g :g
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39.

40.

41.

42.

45.

Yes, J:av(f)dx= Lbf(x) dx.
Thisis because av(f) is a constant, so
f: av(f) dx = [av(f) . x}:

=av(f) - b—av(f) - a

— (b — a)av(f)

(- a)[bfla Lbf(x) dx}

- f:f(x) dx

(@) 300 mi

150 mi I 150 mi

=8h
30mph 50 mph

(b)

300 mi

(c) = 37.5 mph

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

. ) d, +d .
total time. Algebra|cally, 1 " t2' The driver computed
d d l 2
;( tl + : ) The two expressions are not equal.
1 2

3
2000mM° _ 100 min
10 m¥/min

3

Time for second release = 100'% =50 min
20 m*/min

total released _ 2000 m3

total time 150 min

flsinxdx = de dx = Exz]é _ %

Time for first release =

Average rate =

= 13% me/min

[soxon= [(1+ 8] o= [x+ S =1

6 J0

. (a) Area= %bh

(b) —x +C

© [yoo o= =10 - L

av(y = 1 f
Graphy, =

1 kea]k_ K
{k+1 }o k(k + 1)

(X ) ————andy, = x on agraphing calculator

and find the point of intersection for x > 1.

Inkerseckion
=g ZOASENY V=2 Z0REEYN

(1, 3] by [0, 3]

Thus, k ~ 2.39838

Exploration 1

2. Thefunctiony =

46. An antiderivative of F'(x) is F(x) and an antiderivative of

G'(X) is G(x).

| "F'( dx = F(b) — F@)

| "6'(%) dx = G(b) — G(a)

2 b b

Since F'(x) = G'(0), | F'(9 dx = | G'(x) dx, s0

F(b) — F(a) = G(b) — G(a).

m Section 5.4 Fundamental Theorem of
Calculus (pp. 277-288)

Graphing NINT f

tan x has vertical asymptotes at all odd

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

—10
. Inattempting to find F(—10) = [~ tan (t) ct + 5, the

calculator must find a limit of Rigmann sums for the
integral, using values of tan t for t between —10 and 3. The
large positive and negative values of tan t 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
p

[16,4.7] by [-2, 2]

.y = tanx

. The domain of this continuous function is the open interval

%)

. The domain of F isthe same as the domain of the

continuous function in step 4, namely (E 37”)

. We need to choose a closed window narrower than

(g 3—”) to avoid the asymptotes.

—

[1.6, 4.7] by [0, 16]

. The graph of F looks like the graph in step 7. It would be

decreasing on (g 77} and increasing on [77, 3%) with
vertical asymptotes at x = g and x = 777
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Exploration 2 The Effect of Changing a in

7 at
a Section 5.4 Exercises

1. \ / 1 sz(z - %) dx = [Zx —In XEZ

[~47, 47 by [-3.1, 3.1] —6-1In3) — (17 In%)
2 \/ —5-In3+In:
2
=5-In3-1In2

=5-1In6~ 3.208

[—4.7,47 by [-3.1, 3.1]
3. Since NINT(x2, X, 0, 0) = 0, the x-intercept is 0.

1 _
X _ i X
4. Since NINT(x?, X, 5, 5) = 0, the x-intercept is 5. 2 L 3 dx= [(In 3)3 L
) d(* —(1yl_g
5. Changing a has no effect on the graph of y = &faf(t) dt. = (In 3>(3 )
It will always be the same as the graph of y = f(x). - 2% _ 7889
3In3 '
X
6. Changing a shifts the graph of y = j f(t) dt verticaly in 3 F(xz n \/)—() dx = [1)(3 " 2X3/2 o <1 I 2) ~0+0)=1
2 ' 37 3 } 3 3 B
such away that a is aways the x-intercept. If we change °
a s 2 50 _ 2
from a, to a,, the distance of thevertical shiftis [ . 4 [ X dx= 9| = £@5V5-0) = 10V5 ~ 22361
a, 0
. . 32 2
Quick Review 5.4 5. J 615 gy = [_5)(71/5] — _5(1 _ 1) _5
1 1 2 2
1. % = cos(x?) + 2x = 2x cos (x?) 1, . . .
G.J —dx=2f x2dx=2-x1t =21-=Z|=1
d —2x2 -2 2
2. d—izZ(sinx)(cosx)ZZSinxcosx -2
dy 5 7.f sinxdx=[—cosx} =1-(-1)=2
3. proie 2(sec x)(sec x tan X) — 2(tan x)(sec” x) 0 0
= 2sec? xtanx — 2tanxsec?x = 0 8 f(l+cosx)dx=[x+sinx]
0 0
a_3_7_g4 =(7+0)—(0+0)
dx 3 X
q ==~ 3142
5. (Ty =2In2
% arl3 I3
Cd 1w 1 0. [ 2sec?0 a0 = Zten 0}0
2 2Vx =2(V3-0)
dy _ (=sinX)(¥) — (cosx)(1) _ _xsinx+ cosx
[ X2 X2 =2V/3 ~ 3464
dy dx :
8. = = cost,— = —dgint 5m/6 5716
dt ot 10. [ e do= | ~coto]
dy _ dy/dt _ cost _ —cott wl6 16
dx dxdt —sint _ \/é _ (_\/:__3))
9. Implicitly differentiate: = 2\/3 ~ 3.464

dy _ oy
X&—i_ (l)y+ 1= Zy& 3ml4 3ml4
dy 1. | cscxcotxdx=[—cscx] —(-V2) - (-V2) =0
&(X_ 2y)=—-(y+1 4 "
dy _ _y+1 _y+1 i3 I3
> x—2y 2y —x 12. 4secxtanxdx=4[secx] —42-1)=4

0 o
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17. Graphy = x3 — 3x? + 2x.

1
13, Ll(r + 120 = [%(r + 1)3}11 -8-0-

“-Vu, (4 _
14, LTudu—fo(u 12 _ 1y dy Av

wl|o

4
= [2uﬂ2 - u] [0.2] by [-1,1]
0
Over [0, 1]:
=@4-4-0-0=0 R [0.1] L
15. Graphy = 2 — x. f(x3—3x2+2x)dx=[1x4—x3+x2} =1_g=1
o 4 , 4 4
Over [1, 2]:
2 2
f(X3—3X2+ZX)dx=Fx4—x3+x2 —o-i--1
1 4 N 4 4
S R
0.3 by (23] Totd area = [} + |- = 3
) ) 18. Graphy = x5 — 4x.
. 1.2
over [0, 2]: | (2—x)dx={2x—7x} =2
o 2 |,
8 1.7 3 1
Over[2,3]:f (2—x)dx=[2x——x2} =2-2=-=
2 2, 2 2
= _1 =5
Total area = |2| + ‘ 2‘ > [-2, 2] by [—4, 4]
16. Graphy = 3x% — 3.
any Over [—-2,0]:
0 1 0
f (x3—4x)dx=[zx4—2x2} =0-(-4=4
-2
-2
Over [0, 2]:
2 2
[-2,2 by [-4,10] j 03 — 4%) dx = [lx“ - zx2] =-4-0=-4
o 4 o
Over [-2, —1]: Total area = [4] + |4 = 8
f71(3x2—3)dx— o3| T =2-(-2)=4 =1
5 - [ ] - - 19. (&) No, f(x) = i 1 is discontinuous at x = —1.
-2
Over [—1, 1]: W21
(b) =x—1,x# -1
X+ 1
Jl (3x2 —3)dx= [x3 _ BXT —_2_92=_4 The area between the graph of f and the x-axis over
-1
-1 [—2, 1) wherefis negativeis%(S)(S) = % The area
2 2
. 2 _[3 _ -
Over [1, 2]: L(3X -3 dx= [X - 3X} =2-(-2=4 between the graph of f and the x-axis over (1, 3] where

1
fis positive is %(2)(2) =2

3,2 _
f X olgy=—-240--3
—ax+1 2 2

Total area = [4] + |4 + 4| = 12

_ 2
20. (@) No, f(x) = 2)( _Xg isdiscontinuous at x = 3.
_ 2
(b) 9—x :_3+X’X¢3
3xX—-9 3

Note that f is negative for x in [0, 5]. f(0) = —1 and

f(5) = —g. The area between the graph of f and the

x-axis over [0, 5] isl(5 - 0)(1 + §> _5
2 3 6

59_y2
9 - X gy = -5

o 3x—9 6




21. (a) No, f(x) = tan x is discontinuous at x = %and X = 3777

(b) Theintegral does not haveavalue. If 0 < b < % then
b b
j tan x dx = [fln |cosx\] = —In|cos b since the
0 0
Fundamental Theorem applies for [0, b]. Asb — %’,
b
cosbh - 0% so —In|cosh| - ocorf tan x dx — o=
0
Hence the integral does not exist over a subinterval of
[0, 277], so it doesn't exist over [0, 27].

X+ 1

22. (a) No, f(x) = 21 is discontinuous at x = 1.

(b) Theintegral does not have avalue. If 0 < b < 1, then

b b b

f X2+1 dx=fidx=[ln|x—lq =Inlb -1,

ox“—1 ox—1 o

. x+1 1

since — = ——— and the Fundamental Theorem
x=-1 x-1

appliesfor [0, b]. Asb -~ 17, Injb— 1] — —or

jbx+1

2

21 dx — —oo. Hence the integral does not exist
o X2 —

over asubinterval of [0, 2], so it does not exist over

[0,2].

23. (@) No, f(x) = % isdiscontinuous at x = 0.

sin x
X

() NINT( % —1, 2) ~ 255, The integral exists since

the area is finite because % is bounded.

— COS X
2

24. (a) No, f(x) = ! is discontinuous at x = 0.

1— cosx

(b) NINT( X %, -2, 3) ~ 2.08. The integral exists

1 — cos x

since the area is finite because —z is bounded.

25. First, find the area under the graph of y = x2.

1
f X2 dx = [EXS]
o 3

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

o
0 3

2 2
J(Z—x)dx=[2x—1x2] —2-3-1
1 2 2 2

Area of the shaded region = % + % = %

26.

27.

28.

29.

30.

31.

32.

33.
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First find the area under the graph of y = Vx.

1 1
J X2 iy = [gxs/z} _2
0 3 o 3

Next find the area under the graph of y = x.

2 2
fxzdxz[lx3} :§—1:
1 3 1, 3 3

First find the area under the graph of y = 1 + cos x.
f (1+cosx)dx={x+sinx] =1
0 0

The area of the rectangleis 27r.

Area of the shaded region = 27 — 7 = .

First, find the area of the region betweeny = sin x and the

x-axis for [1, 5—”]
6 6

fﬂlesin X dx = [—cos X]SW/G = % - (—ﬁ) =V3

w6 /6 2

NINT(;, X, 0, 10) ~ 3.802
3+ 2snx

4 _
NINT(Z):Z —Lx -08, 0.8) ~ 1427
%NI NT(Vcosx, x, —1, 1) ~ 0.914

V8 —2x2= 0betweenx = —2and x = 2

NINT(V8 — 2x, x, —2, 2) ~ 8.886

Ploty, = NINT(e "', 1,0, %), y, = 0.6ina[0, 1] by [0,1]
window, then use the intersect function to find
x = 0.699.

. Wheny =0, x=1.

y3: l_x3
3
y=V1-x3
3
NINT(V1 - x5 x, 0, 1) = 0.883
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3. | T dt+ K = [ 1) ot 43. Choose (d)x_
’ i % = %(Le*tz dt — 3) =¥

K:—faf(t)dwjbf(t)dt e
yimy=| e¥dt—-3=0-3=-3

- [toa+[roa

° 44. Choose (C).
= fb Ft) ot

dx
-1

Y(—1)=f sctdt+4=0+4=4
-1

K:fil(t2—3t+l)dt Q:%(ﬁsec‘d”“):secx
2

-1
= [1'[3 — §t2 + t]
3 2 A

45. Choose (b).
={—1—§+(—1)}—[§—6+2}=—§ ®)
3 2 3 2 dy d(J'X Cdt 4)
=] sectdt + 4 =secx
dx  dx\Jo
{0]
36. To find an antiderivative of sin? x, recall from trigonometry Y(0)=LseCtdt+4=O+4=4
that cost:1—25in2x,sosin2x:%—%0052x. 46. Choose (a).
dy _ d/[* e 2
o L =—(le"d—-3)=¢e
K=fsin2tdt dx dx(fl )
2 1
y =[ePd-3=0-3=-3
0, 1 1 1
:J'[f—fCOS(ZX)} dx
2 2 ) a
47. x=asmceff(t) dt=0
_ Ex - %sin (2x)}0 N
2 48, f(x)z%(ff(t)dt)z%(xz—Zx+ 1) = 2x— 2
1
= Ex - %sjnxcosx} y
2 49. f/(X):i<2+ ﬂm): 10
sin 2 cos 2 sin2cos2 — 2 o ol+t 1+x
=0—-(1- 5 )= > ~ —1.189 f/(0) = 10
_ °10 4 _
37.%= 1+ f(o)’2+f01+tdt*2
L(x) = 2 + 10x
dy_d(fll )_d( rl )_ 1
38 WA gy df (L)1
d d t d t X
XA X\ 50. f(x)=%<f f(t)dt)
dy _ & 2] d e 1 _1yp _ sinx o
30, G = sin| (V2| L (V) = (s - 32 = 20X = 9 xcos m)
=X(—7S +1-
40, %= cos (2X) %(2x) = 2cos (2%) X(=msinm) + 1 cosmx
o 3 2 = —mX Sin 7X + CO0S X
Balvrvi &(L cos (21) dt — L cos (21) dt) f(4)= —4m sin 4 + cos4m = 1
= cos (2¢%) - 3x% — cos (2x?) « 2x
i i = =7
— 32 cos (2x3) oy cos (2x2) 51. Onearch :fksn kxisfromx = 0to xﬂ/k "
Area=f sjnkxdx=[ficoskx} =%7(7%>=E
W ﬂ :£<J-cosxt2dt) 0 0
ax dxainx 2 2) o — Lo 1af
d/ (%, sinx 52. (a) f (67x7x)dx—[6xfzx fgx]
:70 -t dt) -3 L
. ° -5 (32
_ (s a2y 3 2
=cos? X - (—sinX) — Si X - COS X s
6

= —sinx cos? X — sin? X cos X



53.

. (@) s'(t) = f(t). Thevelocity att = 5isf(5) =

(b) Thevertexisatx = —(—2 = 1 (Recau that the

2(-1) 2
vertex of aparabolay = ax® + bx + cisat x = —%.)
y(—%) = 27:5 so the height i |s7
(c) Thebaseis2 — (—3) =5.
2 ioht) = 2(5)(25) = 125
2 (base)(height) = 3(5)( 4) :

0
(@ H() = fof(t) dt =

(b) H'(X) = —(j £t) dt) = (%)
H’(x) > 0 when f(x) > 0.
H isincreasing on [0, 6].

(c) H isconcave up on the open interval where
H"(x) = f'(x) > 0.

f'(x) > 0when9 < x = 12,
H is concave up on (9, 12).

¢

~

12

H(12) = f f(t) dt > 0 because there is more area
0

above the x-axis than below the x-axis.

H(12) is positive.

(e) H'(X) =f(x) =0at x= 6andx = 12. Since
H'(x) = f(x) > 0 0on [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 theright of x = 6. H achievesits
maximum value a X = 6.

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

0, H achievesits

2 units/sec.
(b) s"(t) = f'(t) < 0att=5sincethe graph is decreasing,
so acceleration at t = 5 is negative.

3
(©) s(3) = fo f(x) dx = %(3)(3) = 4.5 units

(d) shasitslargest value at t = 6 sec since
s'(6) = f(6) = 0and s"(6) = f'(6) < 0.

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

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

(g) The particleison the positive side since
9
s(9) = f f(x) dx > 0 (the area below the x-axisis
(0]

smaller than the area above the x-axis).

55.

56.

57.

Section5.4 223

0 units/sec

@ s@)=f(3 =

(b) s"(3) = f'(3) > 0 so acceleration is positive.
3

(©) s(3) = f f(x) dx = l(—6)(3) = —9units
o) 2

6
(d) s(6) = f f(x) dx = S(—6)(3) + <(6)(3) = 0, so the
o 2 2
particle passes through the origin at t = 6 sec.

(e s"t) =f'(t)=0att=7sec

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

(g) The particleis on the positive side since
9
s(9) = f f(X) dx > 0O (the area below the x-axisis
(0]

smaller than the area above the x-axis).

(a) f(t) is an even function so j SN0 g = [0 g
(0]
_yx=[ sn®
Si(-x)= foo_t c
:_j Mdt
=X t
—fwdt:_si(x)
o t

sint

(b) Si(0) = f S0t gt =

(c) S'(x) = f(t) = Owhent = 7k, k anonzero integer.

(d

[

B

[—20,20] by [-3, 3]

(a) c(100) — c(1)= j 1""(%)

f d 100
= ——dx=|VXx
2\& [ ]1
=10—1=9o0r$9

(b) c(400) — ¢(100) = jl 400(%) dx
400 400

=L ax= {\&}

100 2\/x 100
=20—-10=10o0r $10
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58, jo 3(2 - (x+—21)2) dx = [2x + 20X+ 1)1}:

= [6 + l} _p=9
2 2
= 4.5 thousand
The company should expect $4500.
30 2 3,30
59. (@) —+ f (450 - X—) dx = i[450x - X—}
30 — 0o 2 30 6 o
= 300 drums

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

60. (a) True, because h'(x) = f(x) and therefore h"(x) = f'(X).

(b) True, because h and h" are both differentiable by part
().
(c) True, because h’(1) = f(1) = 0.

(d) True, because h’(1) = f(1) = 0and h"(1) = f'(1) < O.
(e) False, becauseh”(1) = f'(1) < 0.
(f) False becauseh”(1) =f'(1) # 0

(9) True, because h’(x) = f(x), and f is a decreasing
function that includes the point (1, 0).

0 X
61. Sincef () isodd, | (1) dt = — [ 1() ot because the area
—X (6]
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.
—X 0 X X
[tod=-] ta= {—j £t) dt} = [t ot
(] X —X (0] (0]
Thus | f(t) dtiseven.
(0]

0 X
62. Since (1) iseven, | f(t) ot = [ (1) ot because the area

—X 0

between the curve and the x-axis from 0 to x is the same as

the area between the curve and the x-axis from —x to 0.

—X 0 X

[rod=-[tod=—]rox

(0] X —X 0

Thus [ 1() dt is odd,

(0]

63. If f is an even continuous function, then foxf (t) dt is odd, but
%f:f (t) dt = f(X). Therefore, f is the derivative of the odd
continuous function fo xf (t) dt.

Similarly, if f isan odd continuous function, then f is the

X
derivative of the even continuous function f f(t) dt.
(0]

Exploration 1

64. Solving NINT(%, 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 f (t) as defined in
Exercise 56. Since %s. ) = () = % S0 is
increasing on each interval [2ksr, (2k + 1)7r] and
decreasing on each interval [(2k + 1), (2k + 2)7r], where
k is a nonnegative integer. Thus, for x > 0, Si(x) hasits
local minima at x = 2kar, where k is a positive integer.
Furthermore, each arch of y = f(x) is smaller in height than

(2k+1)r +2

(2k+2)m
the previous one, so f |f ()| dx > f If (x)| dx.
(2k+1)m

2kar
This means that

Si((2k + 2)7) — Si(2kar) = Ltkﬂ)#f (x) dx > 0, so each
successive minimum valueis g:eater than the previous one.
Sincef (2m) ~ N|NT(¥, X, 0, 277) ~ 142 and Si(X) is
continuous for x > 0, this means Si(x) > 1.42 (and hence
Si(x) # 1) for x = 2. Now, Si(X) = 1 has exactly one
solution in the interval [0, 7] because Si(x) isincreasing on
thisinterval and x = 1.065 is a solution. Furthermore,

Si(X) = 1 has no solution on the interval [, 27r] because
Si(X) is decreasing on thisinterval 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 (—<°, 0]
because Si(x) is odd by Exercise 56 (or 62), which means

that Si(x) = O0for x = 0 (since Si(x) = 0 for x = 0).

m Section 5.5 Trapezoidal Rule (pp. 289-297)

Area Under a Parabolic Arc
1 Lety=f(x) = AX® + Bx + C
Theny, = f(—h) = Ah® ~ Bh + C,
y, = f(0) = A(0)* + B(0) + C = C, and
y, = f(h) = Ah? + Bh + C.
2.y, + 4y, +y,=Ah® —Bh+ C+4C+ Ah®+Bh+ C
= 2Ah? + 6C.

h
_ 2
3, Ap—fih(Ax + Bx + C) dx
3 2
:[AX—+|¢+Cth
3 2 s
=Ah—+Bh—+Ch7(7Ah—+Bh—fCh>
33 2 3 2
:2A%+2Ch

- g(ZAhZ + 6C)



4.

Substitute the expression in step 2 for the parenthetically
enclosed expression in step 3:
A= 2(2Ah2 + 60)

h
= E(yo + 4y1 + y2)

Quick Review 5.5

1

10.

y =43 -12

y// j— 12X2

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

y" =24x — 6

y” < 0on[—8, 0], sothe curve is concave down on
[—8,0].

, 1 X
.y = =cos=
y 2 2
" l H X
y 4 2

y” = 0 on [48, 5077], so the curve is concave down on

[487r, 5077].

y = 2e¥

y" = 4e*

y”" > 0on[—5, 5], so the curveis concave up on [—5, 5]
=1

y X

" — 1

Yy =72

y” < 00n[100, 200], so the curve is concave down on

[100, 200].
1

y X

=2
y 2
y” > 0on[3, 6], so the curve is concave up on [3, 6].
y' = —Csc X cot X
y'= (- cscx)( csc? X) + (csc x cot x)(cot X)

= csc® x + csc x cot? x
y” > 0on [0, =], so the curve is concave up on [0, 7].

.y = —100x°

y” = —900x8

y” < 0on [10, 109, so the curve is concave down on
[10, 10%].

y' = CosX + sinx

y” = —sin X + cos X

y” < 0on[1, 2], sothe curve is concave down.

Section 5.5

Section 5.5 Exercises

1 (a) f(x)=x,h=2%40=%
2 2
1 3
fol o | L] 1|32
wlof3]2]5]

T= %(o + 2(%) +2(1) + 2@) + 2) =2

(b) ') =1,f"(x) =0
The approximation is exact.

(© fo 2x dx = EXZT =2
0

2.(a)f(x)=x2,h=2%40=%
<Jols|]3]e

2 2

1 9
fol o | 2] 1|2 4
ool 1]4]

_1 1 9
= 4(0 + 2(4 +2(1) + 2(4) +
(b) f'(x) = 2%, f"(x) =2>00n[0, 2]
The approximation is an overestimate.

(0 fo 2x2 dx = [;xﬂz = g

ﬁzzm

3. (@) f() =x3 h= ;°=%
JHE K
2 2
1 27
9 O‘E‘l‘g‘

T= %(o + 2(%) +2(1) + 2(2—87) +8)=425

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

() fo 2x3 dx = Ex“r =4

0

_1p,_2-1_1
4@ fg=7h=""=2
5 | 3|7
121217212
AR
OEHHEE
5 3 7 2
_1 4 2 EAREADS
T= 8(1 + 2(5> + 2(3) + 2(7) + 2) 0.697
, 1., 2
(b) (9 = —5. 109 = 5 >00n[1,2]

The approximation is an overestimate.

(© f% dx = [In\xq2 =In2~ 0693
1

225
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5. (a) f(x) = \th———l 10. (a) f(x):x3—2x,h:3_T(_l):1
x[of1]2]3]4 x|-1]o]1|2]3
ff o[ 1 [V2]vs] 2 | 1] o ]-1] 4|2

T=20+21) + 2V2) + 2V/3) + 2) ~ 5146 =540 2D + 49+ 20 = 12

3
3 _[14_ 2P
(b) fr (X) l 1/2 //(X) —3/2 <0on [O 4] (b) J;l(x - 2X) dx = [ZX — X ]
-1
The approxma(uon isan underestima(te. — (8L g _(1_4
G-y
4
2,32 16
© jo\/;(dx—[?@’} 2~ 533 R
_ E]=0
6. (a) f(x) = 4 :% d 5 . ’
(©) Forf(x) = x*—2x M, = Osincef® =0
X 0 % % ‘ 37” T (d) Simpson’s Rule for cubic polynomials will always give
7 v exact values since f® = 0 for all cubic polynomials.
fx] 0 S| 1|50 11. The average of the 13 discrete temperatures gives equal
weight to the low values at the end.
V2 V2
— ™ ~
T=5(0+ 257+ 20 + 27| + 0]~ 1.8% 12. () 5(126+2- 65+ 266+ - + 258 +110) =

(b) F/(x) = cosx, f"(x) = —sinx < 0.on [0, 7] av(f) = 5 - 841~ 70.08
(b) We are approximating the area under the temperature

The approximation is an underestimate. ) - _ 5
graph. By doubling the endpoints, the error in the first

(© jwsin x dx = [—cos XT =2 and last trapezoids increases.
° 0 13. S, = 313791, Sy, ~ 3.14029
7. g(e.o +2(82) + 2(9.0) + - + 2(12.7) + 13.0)(30) 14, S, ~ 1.08943, S, ) ~ 1.08943
_ 15900 ¢ 15. ﬁsr%it— 1.37066, S,,, = 1.37066 using a = 0.0001 as |ower
S,, = 1.37076, Sy, = 1.37076 using a = 0.000000001 &
8. (a) %(o + 2(520) + 2(800) + 2(1000) + - + 2(860) lower limit

16. S, ~ 0.82812, S, ~ 0.82812

— 3
+ 0)(20) = 26,360,000 ¢ 17. (a) T,,~ 1.983523538

Ty = 1.999835504
(b) You plan to start with 26,360 fish. You intend to have Tio0o = 1.999998355
(0.75)(26,360) = 19,770 fish to be caught. Since (®) n El=2-
% = 988.5, the town can sall at most 988 licenses. 10 | 0.016476462 = 1.6476462 x 102
100 1.64496 X 104
9. Sum the trapezoids and multiply b —to change second
apezol WP Y 2600 9 S 1000 1.645 x 10°©
to hours
~ 102
%(2.2(0 +30) + (3.2 — 2.2)(30 + 40) (©) [Eryy| = 207%Ey ]

+ (45 — 3.2)(40 + 50) + (5.9 — 4.5)(50 + 60)

(d) b—a=m, h2——2,M 1
+ (7.8 — 5.9)(60 + 70) + (10.2 — 7.8)(70 + 80) n

3

E |=T(T) =T
+ (12.7 — 10.2)(80 + 90) + (16.0 — 12.7)(90 + 100) E.l= 12(nz = o
_ ™ 102
+ (20.6 — 16.0)(100 + 110) ‘Enon = Do = 10 |

+ (26.2 — 20.6)(110 + 120)
+(37.1 — 26.2)(120 + 130))(5) ~ 0.9785 miles



18. (a) Sy, ~ 2.000109517
o = 2000000011
Syo00 = 2:000000000

® EJ=2-5,
10 [1.09517 x 1074
100 | 1.1x10°8
1000 0

(©) B = 1074E5)

4
(d)b—a=77,h4:%,M=l
‘E ‘<L7T_4 _ ™
S 180(n4> 180n*
=10’4‘E

B = ﬁfom4 5

19. (a) f'(x) = 2x cos (x?)
f7(x) = 2x - —2x sin (x) + 2 cos (xX?)
= —4x%sin (x3) + 2 cos (x?)

TN
/ \

(1.1 by [-3 3
(¢) Thegraph showsthat —3 = f"(X) = 2 s0
for—1=x=1

_1-(-1 _h?
@ & == =0)E) =5

(b)

/()| =3

2 2
(e For0<h=0.1, \;\s%s%:o.005<0.01
() n=1-0CEH_ 2 5

0.1
20. (a) f"(x) = —4x? - 2x cos (x?) — 8x sin (x2) — 4x sin (X9
—8x3 cos (x?) — 12x sin (X?)
f@x) = —8x% . —2xsin (x?) — 24x? cos (x?)
— 12x - 2x cos (x?) — 12 sin (x?)
(16x* — 12)sin (x2) — 48x? cos (x?)

(b)

[—1, 1] by [-30, 10]

(c) The graph showsthat —30 < f¥(x) = 10
s0|f@(x)| =30for —1=x=1.

(@ )= 1L 0w E0 =

(e) For0<h=04,

h* _ 04* _
Ef =" == ~ 000853 <001

~1-CY_ 2 _
O n= h T 04 5

21 h= 24in.
6

=4in.
Estimate the areato be
g[o + 4(18.75) + 2(24) + 4(26) + 2(24) + 4(18.75) +

0] ~ 466.67 in®

Chapter 5 Review

22. 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

1
5[y0 + Ay, + 2y, + 4y, + 2y, + 4y + yd

= %[1.5 + 4(16) + 2(1.8) + 4(1.9) + 2(2.0)
+4(2.1) + 2.1] = 11.2 ft?

Length ~ (5000 Ib)( ) ~ 10.63 ft

1 oy 1
42 Ib/ft3>( 11.2 ft?
BT =20yt 2y, +2y,+...+2y, ,+Y]

_hypty eyl H Ry Y oy
2

N

 LRAM, + RRAM_
2
24.S, = g(yo Ay by, Ay 2y,
+ 4y2n—1 + y2n)
- %[h(yo 2y 2t et 2 Y
@20y, Yt Yt Yy

2T, + MRAM _
= M: whereh = b a.
3 2n

m Chapter 5 Review (pp. 298-301)
1.

y
s
2_
1 2
2.y
4+
2_
T 27X
LRAM4:1<0+E+3+§>=E:3.75
208 8)

227
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3. 2 5
y 9.(a) [fo) o=~ () dx=-3
4t 5 2
The statement is true.
i < 5
N7 B\ ® 116 + 909] o
s 5
= [t ax+ [ g0 o
2 5 5
I - - sz (x) dx + L F(x) dx + ng(x) dx
=4+3+2=9
MRAM,; E(Q 4165, 1%, @) — 4125
2\64 64 64 64 The statement is true.
4. y 5 5
(© Iff(x)=g(x)on[—-2, 5], thenj f(x) dx = f g(x) dx,
4+ -2 -2
| but thisis not true since
5 2 5
[ 10 dx=[ 100+ T =4+3=7and
2F —52 -2 2
| g dx = 2. The statement is false.
B -2
T 3> x 10. (a) Volume of one cylinder: 7rr?h = 77 sin? (m) Ax
n
Total volume: V = lim 7 sin(m) Ax
RRAM4:1<E+3+§+0):§:3.75 n-oe i
2\ 8 8 4
(b) Use 7 sin?x on [0, 7.
5.
y NINT(# sin? x, X, 0, 77) =~ 4.9348
4k
B 11. (a) Approximations may vary. Using Simpson’s Rule, the
) area under the curve is approximately
%[o +4(0.5) + 2(1) + 4(2) + 2(3.5) + 4(4.5) +
2(4.75) + 4(4.5) + 2(35) + 4(2) + 0] = 265
T 27X The body traveled about 26.5 m.
1 _1/15 | 15\ _
T, = 5(LRAM, + RRAM,) = 5(7 + 7) =375 ® <
2 2 30+
6. f (4x—x3)dx=[2x2—lx4} —g8—4=4
o 4 ] -
E L
"0 [LrRAM [MRAM_[RRAM_ 5 |
‘D
10 | 1.78204 | 1.60321 | 1.46204 e I
20 | 1.69262| 1.60785 | 1.53262 -
30 |1.66419| 1.60873 | 1.55752 S T
50 |1.64195| 1.60918 | 1.57795 Time (sec)
100 | 1.62557 | 1.60937 | 1.59357 The curve is always increasing because the velocity is
1000 | 1.61104 | 1.60944 | 1.60784 aways positive, and the graph is steepest when the
velocity ishighest, at t = 6.
51 5
8 [ Lox= [In\xq —In5-1In1=1In5~ 160044
1X 1



10
12. (a)f x3 dx
0
10
(b) [ xsinxdx
0

10
© fo X(3x — 2)2 dx

G fo 1077( —§in? %) dx

13. The graph is above the x-axis for 0 < x < 4 and below the
x-axisfor4 <x=6

4 6
Totdl area= [ (4— %) dx — | (4 - %) dx
o 4

4 6
= [4x - lxz} - [4x - lxz}
2 o 2 4

=[8-0]—[6-8 =10

14. The graph is above the x-axis for 0 < x < % and below the

an|sf0r2 <X=7m

/2

T
Total area= f cos X dx — f cos x dx
/2
72 T

= [sin XL - [sin X]W/z
=(1-0-0O—-1n=2

15. | 225 dx = [5x]2 =10 - (~10) = 20
- -2

5 5
16. f ax dx = [2x2} =50—8=42
2 2
4 4
17. f cosxdx:{sinx] :ﬁ
0 0 2

V2

2
1 1

18. f (32— 4x+ 7) dx= [x3— 22 + 7x]
-1

-1
—(~10) = 16

1 1
19.f(853—1252+5)ds:[234—4s3+55} -=3-0=3
(0]

20. K? dx = [—ﬂz =2 (-4 =2

1

21 L27y’4’3dy= [—Sy’mf - 1-(-9=2
1
2. fltdtt Lt 32 gt — [ t”ZL:— (-2 =1
/3 Wls:\/;_z,_o:\/;_g

23. | sec?odh = [tan 0}
0 o

Chapter 5 Review 229

24, f%dx=[ln|x|]i=170=1

1
dx = joss(zx + 1) 3dx
= [—9(2x + 1)—2}l
0
= —1-(-9 =

1 3
25. fo (2x+ 1)3

26. f(x+ )dx—f(x+x 2) dx

3]
2 1

§_(_l>=2
2 2
0

27f secxtanxdx—{wcx] =1-2=-1
—ml3 — 73

=1-1=0

28. f112x sin(1—x?) dx = [cos 1- xz)}l
- -1

2 2 2
29.f—dy=[2|n\y+1\] ~2In3-0=2In3
oy+1 N

30. Graphy = V4 — x?on [0, 2].

N

[—1.35, 3.35] by [~ 0.5, 2.6]

The region under the curve is a quarter of acircle of radius
2.

2
[Va=xax= %77(2)2 -
0

31. Graphy =

X dx on [—4, 8].

[—4,8] by [0, 8
The region under the curve consists of two triangles.

8
| W ax =Ly + Leye =
- 2 2
32. Graphy = V64 — x> on[—8, 8.

ah

[—9.4,9.4] by [-3.2, 9.2]

The region under the curvey =
of radius 8.

8 8
| aVea—xax=2] Vea—x2dx= 2[%77(8)2} ~ 64mr
-8 -8

V64 — x%ishaf acircle
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33.

34.

35.

36.

37.

38.

39.

40.

41.

(a) Notethat each interval is 1 day = 24 hours
Upper estimate:
24(0.020 + 0.021 + 0.023 + 0.025 + 0.028
+ 0.031 + 0.035) = 4.392 L
Lower estimate:
24(0.019 + 0.020 + 0.021 + 0.023 + 0.025
+ 0.028 + 0.031) = 4.008 L

(b + 2(0.031)

~

2—24[0.019 +2(0.020) + 2(0.021) + ---

+ 0.035] =4.2L

(@) Upper estimate:
3(5.30 + 525 + 5.04 + -
Lower estimate:
3(5.25 + 5.04 + 4.71 + ---

+ 1.11) = 103.05 ft
+0) = 87.15ft

(b +2(1.11) + 0]

~

2[5.30 + 2(5.25) + 2(5.04) + ---
= 9511t

One possible answer:

The dx is important because it corresponds to the actual
physical quantity Ax in a Riemann sum. Without the Ax,
our integral approximations would be way off.

f:f () dx = f:f () dx + fo "t (9 x
- f,OA(X —2)dx+ fo % dx
|
=[0- 16] +[%_o}:1_36
Letf(x) = V1+ sin®x

max f = V2 since max sin? x = 1

minf = 1sinceminsin’®x =0

(minf)(1 — 0) = fmdxqmaxf)uw)
0< 1<fmdx<\f

4

@ avy) = rlo fo Vxdx = 1[2)(3/2}: - 1(& _ 0) _ %

413 3

Y _ 2 an" 2.0
(b) av(y) aiofoa\/;(dx a[sax L 3a
%:\/Z-FCOS?X
YRR sy S
™ 2 + cos® (7x9) ™

&_d_ ("6 g 6
dx dx( 13+ t? ) 3+ x4

(7x3) = 14xV 2 + cos® (7x9)

1
2 8- e [otia
dx dx<0t2+1 t2-s-1dt
= 1 . —_— 1
(2x)2+1 X2+ 1
2 1

i1 X1
X2
43, c(x):Lsﬁsto

X

= [MZ} + 50
25

=4Vx - 20 + 50

=4Vx+30

¢(2500) = 4V/2500 + 30 = 230

The total cost for printing 2500 newsletters is $230.

44, av(l)=L f (600 + 6001) dt
14
= 4800
0
Rich’s average daily inventory is 4800 cases.

= L1600t + SOOIZ}
14

c(t) = 0.041(t) = 24 + 24t
1 14 1 5 14

av(Q) = [ (24 -+ 24t) dt = —[24t + 12t ] - 192
14J)o 14

Rich’s average daily holding cost is $192.

We could also say (0.04)4800 = 192.

X l X
45, f t3— 2t + 3) dt= [ft4—t2+3t}
0 o

14

= =x* — x% + 3
4

La _x2yax=4

4

La_xeyax-a=0

X} — 42+ 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.
(c) True, becauseg'(1) =f(1) =
(d) False, becauseg”(1) = f'(1) > 0.
(e) True, becauseg'(1) =f(1) =
(f) False, because g"(1) = f'(1) # 0.

(9) True, because g'(x) = f(x), and f isan increasing
function which includes the point (1, 0).

47, L VI dk = F(1) — F(0)

48. y(x) = fs'—”tdws

0and g'(1) = f'(1) > O.
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’ 1 b—a
LY =2X+ = = .
49. y' = 2x . (b) Leth o
" l h
y'=2-2 S =gMo T WL T Y, T At Yy,
Thus, it satisfies condition i. T 41t Vol
11 1
y(1)=1+flet+1= 1+0+1=2 = ity + 4y, + ) + N, + Ay, Y+
, 1
y@)=2+7=2+1=3 F Yoo 401+ Vo)l
Thus, it satisfies condition ii. Since each expression of the form
h(y,_, + 4Y5_, T Y,) isequal to twice the area of
50. Graph (b).

theith of n rectangles plus the area of theith of n

X X
y=f2tdt+4=[t2}+4=(x271)+4=x2+3 > MRAM 4T
1 n n

1 trapezoids, S, = 3
51. (a) Eachinterval is5min == h. 54. (a) g(1) = L "t dt=0
2—14[2.5 +2(24) + 2(2.3) + - + 2(2.4) + 23] ; .
"2 200 ® 0@ =[O d= @ =1

© o= fod=—[ fQa=-Lr@2=-r

(b) (60 mi/h)(% h/gal) ~ 24.83 mi/gal
(d) g'(x) = f(x); Sincef(x) > 0for -3 < x < land

52. (a) Using the freefall equation s = %gt2 from Section 3.4, f() 1< Ofor 1 <x <3, g(X) hasarelative maximum at
x=1
- - Loy a2
the distance A fallsm4second5|sE(32)(4 ) = 256 ft. © g(-)=Ff(-1)=2

The equation of the tangent line is

y—(—m) =2x+1)ory=2x+2—m

6400 — 256 = 6144 ft. ® 9" =f'(x),f'(x) =0atx= —1andf'(x)isnot
defined at x = 2. Theinflection pointsareat x = —1
and x = 2. Note that g"(x) = f'(x) is undefined at

x = laswadll, but since g"(x) = f'(x) is negative on
%(32)(132) = 2704 ft. When her parachute opens, her both sides of x = 1, x = 1 isnot an inflection point.

When her parachute opens, her atitudeis

(b) The distance B fallsin 13 secondsis

altitude is 7000 — 2704 = 4296 ft. (9) Note that the absolute maximum is g(1) = O and the

absolute minimum is

o .
o(-3) = fl Ft) dt = — J;3f(t) ot = ~Late? - 2

Therange of gis[—2, 0].

(c) Lett represent the number of seconds after A jumps.
For t = 4 sec, A's position is given by

S,(t) = 6144 — 16(t — 4) = 6208 — 16t, SOA lands at

t= % = 388 sec. For t = 45 + 13 = 58 sec, B's 55. (a) NINT(e?2, x, —10, 10) ~ 2.506628275
position is given by NINT(e "2, x, —20, 20) ~ 2.506628275

S;(t) = 4296 — 16(t — 58) = 5224 — 16t,

0B landsat t = % = 326.5 sec. B lands first.

(b) Theareais'V 2.

1 56. First estimate the surface area of the swamp.
53. (a) Areaof the trapezoid = E(Zh)(y1 +yy) = hly, +Vs) 20
=-[146 + 2(122) + 2(76) + 2(54) + 2(40) + 2(30)

Areaof the rectangle = (2h)y, = 2hy, 2
" 4 2(2hy) = hy. + 4 + 13] = 8030 ft?
Y1t Y3+ y,) = nly, +4y, +vy 3
v 2 1T (5 ft)(8030 ft2) . ¥4

T 1500 yd®





