Homework 10

4 _ 4 ,
3. (a) Ra = 3 flx:) A [gmz # - %] - [z f(:m)] Az Y
i=1 i=1 15 flx)=cosx
= [f(z1) + fla@2) + f(23) + f(zs)] Az
[cas + cos 7 2z +cus— —|—cos—] =
0 T T 3w W
= (0.9239 +0.7071 + 0.3827 + GJE =~ 0.7908 B 4 5 12 !

Since f is decreasing on [0, 7 /2], an underestimate is obtained by using the right endpoint approximation, Ra.

(b) Ls= i flzioi) Az = i f (-Té—l)] Az ’
= = : flx)=cos x
= [f(zo) + f(z1) + f(z2) + f(z3)] Az
= [cos0 + cos T +cos & +cos I | Z
= (1+0.9239 + 07071 + 0.3827) % ~ 11835 1 §35F%°

Ly is an overestimate. Alternatively, we could just add the area of the leftmost upper rectangle and subtract the area of the
rightmost lower rectangle; thatis, Ly = Ry + 7(0) - £ — f(3) - §

13. Since v is an increasing function, Le will give us a lower estimate and Rg will give us an upper estimate.
Lg = (0 f1/5)(0.5s) + (6:2)(0.5) + (10.8)(0.5) + (14.9)(0.5) + (18.1)(0.5) + (19.4)(0.5) = 0.5(69.4) = 34 7 ft

R =05(62+108+149+181+194+202) =05(896) =448 f

18. For an increasing function, using left endpoints gives us an underestimate and using right endpoints results in an overestimate.

h=zth

We will use Mg to get an estimate. At = 30—5_“ =5s= =55

S‘Bﬂl}
Ms = =3=[v(2.5) + v(7.5) + v(12.5) + v(17.5) + v(22.5) + v(27.5)]

2
= -1-(31.25 + 66 + 88 + 103.5 + 113.75 + 119.25) = -1(521.75) ~ 0.725 km

720
For a very rough check on the above calculation, we can draw a line from (0, 0) to (30, 120) and calculate the area of the
triangle: 4(30)(120) = 1800. Divide by 3600 to get 0.5, which is clearly an underestimate, making our midpoint estimate of
0.725 seem reasonable. Of course, answers will vary due to different readings of the graph.

b

- 10
22, lim 37 2 (5 + E) can be interpreted as the area of the region lying under the graph of y = (5 + z)' on the interval
T

n=od o1 n

[0, 2], since for y = (5 + =)' on [0, 2] with Az = 2-0_ E, z; =0+1Ax = E; and x! = x;, the expression for the
T T T

10
areais 4 = lim Z_f{ ) Axr = lim Z (5+ ) z.Notethattheamwa'isnotm]ique. We could use y = z'°
™

'PI.—'*GG n—o0 i=1

on [5,7] or, in general. y = ((5 —n) + )" on [n,n + 2]
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. n £ N2
24. (a}&m=ﬂ=landxi=ﬂ+é&m= . A= lim R, = llrn Zf(mg]&:n— lim Z(i) l
mn T 1 K

n 7 n— 0o n—oo

a1 12 1 [nn+1) - (n+1)? 1 2
o b temn e ] i (1) -

17. On[2,6], lim 3 @ In(1+2?) Az = [} zIn(1 +2?) dz.

10—-1 9 D
30, Ax = =—andax:;=1+iAx =14 —, 50
T T T
1 n 9 9:\] 9
(z—4lnz)dr = llm R, = lim }_ [<1+—) —4111(1—]——)] Ry
1 n—ed ;3 n T 7

33. (a) Think of jf f(z) dx as the area of a trapezoid with bases 1 and 3 and height 2. The area of a trapezoid is A = %(b + B)h,

so [ f(z)dz=1(1+3)2=4

®) [§ f(=)dz = [; f(@)de + [; f(=)dz + [; f(z)dw
trapezoid rectangle triangle
=3(1+32+ 31 + 3-2.3 =4+3+3=10

() J; f(x)dw is the negative of the area of the triangle with base 2 and height 3. [’ f(z)de = —3 -2 -3 = —3.

(d) Jf?g f(z) dx 1s the negative of the area of a trapezoid with bases 3 and 2 and height 2, so it equals
—3(B+b)h = —3(3+2)2 = —5. Thus,

fu flz)dx = fu dm+f5 f{.r}d:r+f7 flz)dz =10+ (—-3) +(=5) =2

40. fﬂlu |z — 5| dx can be interpreted as the sum of the areas of the two shaded ¥
triangles; that is, 2(%)(5)(5) = 25. ’
o~ s 10 *

51. fug f(zx) dx 1s clearly less than —1 and has the smallest value. The slope of the tangent line of f atz = 1, '(1), has a value
between —1 and 0, so it has the next smallest value. The largest value is fgs f(z) dz, followed by ff f(z) dz, which has a
value about 1 unit less than f: f(z) dx. Still positive, but with a smaller value than | f flz) da, 1s fas f(z) dz. Ordering these
quantities from smallest to largest gives us

2 fl@)de < f1(1) < [§ f(z)de < [f f(z)dz < [} f(z)dz or BEE<A<D<C
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53. I= [?,[f(z) + 2z +8lde= [?, f(z)dz+2 [*,zdz+ [*,5dz =1 + 2D + Iz

¥
I = —3 [areabelow z-axis] +3—3=-3 24
Iy=—2(4)(4) [area of tiangle. see figure] + 2(2)(2) - 0 }
7 x
=—-8+2=—6
Ts = 5[2 — (—4)] = 5(6) = 30 |
Thus, I = —3 + 2(—6) + 30 = 15.
1. 1 SN = i S = I N At this point, we need to recognize the limit as being of the form
'nLII;a;nB_nLII;D-ZZ:ln4 n—ﬂl{rﬂlﬂ=§ n) n pot, g &

lim E f(z:) Az, where Az = (1 — 0)/n = 1/n, : =0+ iAx = i/n, and f(z) = ="*. Thus, the definite integral

15 ful z* da.
4. () g(x) = [, F(t) dt, so g(0) = 0 since the limits of integration are equal and g(€) = 0 since the areas above and below the

x-axis are equal.

(b) g(1) is the area under the curve from 0 to 1, which includes two unit squares and about 80% to 90% of a third unit square,
s0 g(1) = 2.8. Similarly, g(2) =z 4.9 and g(3) == 5.7. Now g(3) — g(2) =2 0.8, s0 g(4) == g(3) — 0.8 == 4 9 by the
symmetry of f about x = 3. Likewise, g(5) == 2.8.

(c) As we go from x = 0 to = = 3, we are adding area, so g increases on the imterval (0, 3).

(d) g increases on (0, 3) and decreases on (3, 6) [where we are subtracting area], so g has a maximum value at = = 3.

(e) A graph of g must have a maximum at x = 3, be symmetric about z = 3, y

y=glx)
and have zeros at x = 0 and = = 6. g

(f) If we sketch the graph of g’ by estimating slopes on the graph of g (as in Section 2.8), we get a graph that looks like f (as
indicated by FTC1).

8. f(t) =" ~tand g(x) = [T e* T dt, so by FICL, ¢'(z) = f(x) = * ~=.

du dh  dhdu
13. Letu = €. Thend—=e A_IO 5_55,5
R (x) =— lntd‘t—— lntdt —=1nud—=(1ne ) - eF = me”.
x
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d d dy d;
16. Let u — z* Then = — 42°. Also, & _y_u) 5
dx dax du dx
4
d = d d d
vy = = ; cos® 0.df = a/‘; cos” 0.df - d—i = cos® ud—z = cosg[z‘l} A

19, f: (z* — 22) de = [%—zz]:=(

4

1
1
0 [ 2= [, = o - (o) = 5

101
-1

B+ 2w)ldy= 1+ +40)dy=[y+2° + 25 = (2+8+2) - (1+2+4

3 3
34. f (2sinz — %) dx = [—2 cos T — emi|
0

0

4

=(—2cos3—€’)—(—2—1)=3—2cos3— ¢’

2—4—2"’*)—(%—(—1)2)=(4—4}—(%—1)=0—{—§)
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