Math 231 Homework 4 Solutions

1. @ Az =(b—a)/n=(4—0)/2=2

Ly = éjlf[xz-—ﬂi‘-x = flzo) -2+ f(z1) -2 =2[f(0) + f(2)] =2(0.5+25) =6
Ry = éftm) Az = f(z1) -2+ f(z2) - 2=2[F(2) + F(4)] = 2(25 + 3.5) = 12

M, = if(ﬁ;)&x =f(@1) -2+ f(@) - 2=2[f(1) + f(3)] =~ 2(1.6 +32) =96

(b) L5 15 an underestimate, since the area under the small rectangles 15 less than
the area under the curve, and R, is an overestimate, since the area under the
large rectangles 1s greater than the area under the curve. It appears that M,

is an overestimate, though it is fairly close to I. See the solution to

Exercise 45 for a proof of the fact that if f is concave down on [, b], then

of 11 2 3 | 4«x the Midpoint Rule is an overestimate of [ f(x) dx.

© Tz = (£ Az)[f(z0) + 2f(21) + flz2)] = 2[F(0) + 2£(2) + £(4)] = 0.5+ 2(25) +35=9.
This approximation is an underestimate, since the graph is concave down. Thus, 7> = 9 < I. See the solution to

Exercise 45 for a general proof of this conclusion.

(d) For any n, we will have L,, < T, < I << My, << Rp.

2. y The diagram shows that Ly > T > [ f(z) dz > Rs, and it appears that
1
M, 15 a bit less than fuz F(x) dz. In fact, for any function that 1s concave
y=flx) upward, it can be shown that L, > T}, > fuz flz)dx > M, > Ry.
] 3 X

(a) Since 0.9540 > 0.8675 > 0.8632 = 0.7811, it follows that L. = 0.9540, T}, = 0.8675, M. = 0.8632,
and R,, = 0.7811.

(b) Since My, < [ f(x)dx < Tn, we have 0.8632 < [ f(x) dz < 0.8675.

T6e(1)°
180n*

" TEe

> o p>184
= 180(0.00001) "=

22. From Example 7(b), we take K = T6e to get |Es| < < 000001 = n

Take n = 20 (since n must be even).
33. By the Net Change Theorem, the increase in velocity is equal to fuﬁ a(t) dt. We use Simpson’s Rule with n = 6 and
At = (6 —0)/6 = 1 to estimate this intepral:

fuﬁ a(t) dt == Sg = 1[a(0) + 4a(1) + 2a(2) + 4a(3) + 2a(4) + 4a(5) + a(6)]

~ 1[0 + 4(0.5) +2(4.1) + 4(9.8) + 2(12.9) + 4(9.5) + 0] = 3(113.2) = 37.73 fi/s
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Math 231 Homework 4 Solutions

1. (a) Since [} z* e==" dz has an infinite interval of integration, it is an improper integral of Type I

(b) Since y = sec x has an infimte discontimuty at x = 3, f;r”secrdxisa'lypeﬂml;noperimegral.

. x . - - .. 2 x - - -
(c) Since y = [CEPICEE)] has an infinite discontinuity at = = 2’1: P dz 1s a Type II improper integral.

0
(d) Sinref - :_ 3 dz has an infinite interval of integration, it is an improper integral of Type L.
—oe ¥

2
2. (a) Since y = 231_1 isdeﬁnedandconﬁmmusou[l._2],f C— dzx is proper.
1

1
(b) Since y = L has an infimte discontinuty at = = 2, drisa II improper 1int .
2 1 ty 2 2 1
xz— 0 2T —

(c) Since f IST ~_ der has an infinite interval of infegration, it is an improper integral of Type L
- x

(d) Since y = In(x — 1) has an infinite discontimuty at = = 1, ff In(x — 1)dx 1s a Type II improper integral.

u 0
! = h 1 — - 1 o_ . 1 1 _
. ./:::-c 2x—3 = t_];lr_],lw t 2x—5 dz = t_lf]'_l’lm [E In |2$ 5|]t _tlion;; [E In5 E]n|2t 5|] = T

Divergent

s fm z oy f i L[ =L o . —1 N 1
N 11 = ium = |- = = 1um -
0 [;r + 2)2 t—00 (I + 2}2 t—oo2 |x2+2 o R e +2 2

=1(0+3)=1  Convergent

13. [7 ze™* dr = fEm ze™ dx + Jo xe™™ da.
0
[z = im (-3, = tm (1) (1-e) = 1=~ and

fum xe_mz dx = lim {—

t— oo

bl

)], = m (-1 (= 1) = =3 (-0 =%

Therefore, [ xze™ dz=—2+1 =0 Convergent

I - 2
o [ %0 lim (l”} by substitution with — tim {28 _ o Divergent
1 T t—oo u=Inz du=dc/z t—oo 2
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