‘Chapter 5 Integrals

Section 5.1 Areas and Distances

1. (a) Since f is increasing, we can obtain a lower estimate by using

left endpoints.
3
Ly =) f{zi-i)As [Az =170 =7
i=}

= f(ze)- 24 f®1) -2+ f(z2) -2+ f(x3)-2+ f(z4)-2
=2[f0)+ £(2)+ fF(4) + f(6) + f(8)]
"~2(1+3+43+54+6.3)=2(20)=40

Since f is increasing, we can obtain an upper estimate by
using right endpoints.

5
Ry = Z fz:) Az

=il
= 2{f (@a) + f (z2) + f (z3) + f (za) + f(=xs)] .
= 2{f €2) + £(4) + £ (6) + f(8) + f(10)]
~2(3+ 43454463 +7)=2(26) =52

10
@g}\ Lyg = Zf(ﬂ:,_l) Az [Aﬂ: -—-y)l—;'q = 1]
=1
=1{f (o) + f(z1) + -~ + f (z0)]
=fO)+f(M)+---+f(9)
~14214+3+3.7+43+49
4+544+58+63+67=43.2

10 S
R10=Zf(1’i)A-’E=f(1)+f(2)+"'+f(10)
i=1

| o add rightmost rectangle,
=Ly +1-f(10) ~1-f(0) suitract leftmostg
=43.247—1 =492
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2. (a)(l) Ls—Zf(m,_ )Az [Az =120 -12]

= 2[f (zo) + f (z1) + f (z2) + f (x3) + f (z4) + f (z5)]
=2(f0)+ f(2)+ f(4) + f(6) + f(8) + f(10)]
~2(9+88+82+73+59+4.1)

=2(43.3) = 86.6

(i) Rg=Le+2-f(12)—2- £ (0)
~ 86.6 + 2(1) — 2(9) = 70.6

6
(i) Mo =) f(z}) Ox
=1
=2 W)+ FB)+f6G)+ (D +F(9)+F(11)]
~2(894+85+78+66+51+28)

(b) Since f is decreasing, we obtain an overestimate by using left endpoints, that is, Lg.
(c) Rg gives us an underestimate. :

(d) M gives the best estimate, since the area of each rectangle appears to be closer to the true area than
the overestimates and underestimates in Lg and Rg. ‘
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3. (d f(x)=x3+2andAx=2—'§‘—ll=1=>
Ry=1-f(0)+1-f(1)+1-f(2) =1-24+1-3+1-10 = 15.
A:l:,=2—-‘(i_—ll=0.5=> '

Rg = 0.5 [f (—0.5) + £ (0) + £ (0.5) + f (1) + f (1.5) + £ (2)]

=0.5(1.875+ 2+ 2.125 + 3 + 5.375 + 10)
= 0.5 (24.375) = 12.1875

() Ly=1-f(-1)+1-f(0)+1-f(1)=1-1+1-2+1-3=6.
Lg = 0.5[f (~1) + £ (=0.5) + £ (0) + £ (0.5) + f (1) + £ (1.5)]
=0.5(1 + 1.875 + 2+ 2.125 + 3 + 5.375)
= 0.5(15.375) = 7.6875

© Mz=1-f(-0.5)+1-f(0.5)+1-f(1.5)
=1-1875+1-2.125+1-5.375 = 9.375.
Mg = 0.5[f (—0.75) + f (—0.25) + f (0.25)
+ f(0.75) + f(1.25) + f(1.75)]
=0.5(1.578125 + 1.984375 + 2.015625
+ 2.421875 + 3.9563125 + 7.359375)
= 0.5 (19.3125) = 9.65625

(d) Mg appears to be the best estimate.
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4. (a)
2
f y=e"‘J W
-2 —=t2
- - J
r(b) f(z)=e= and Az = 3;2—_—23 =1=
(i) Ry=1-f(-1)+1-f(0). _ | (i) My=1-f(-1.5)+1-f(-0.5)
+1-f(D+1-f(2) +1- f(0.5) + 1 f(1.5)
—el4l+etyet = @225 4 025 4 —0.25 | —2.25
2~ 1.764 2~ 1.768
2
r I

©) () Rg=05[f(-15)+ f(—~1)+ f(-0.5) + f(0)
+ £(O5) + F(1)+ £(1.5) + £ (2)]
=e 22 4 o1 4 o~025
4e025 o1 4 o—225 4 o—4
=~ 1.761

(i) Due to the symmetry of the figure, we see that . 2
" Mg = (0.5) (2) [£ (0.25) + £ (0.75) + £ (1.25) + £(1.75)] )

= ¢—0:0625 4 e—0-5625 + e—1.5625 + e3-0625

= 1.766
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