Section 5.3

7. Now the (signed) height of the newly-added vertical

9 9
segment is f (x). 2@ J‘l ~2f(x)dx= _2".1 fx)dx==2-1)=2

8. The (signed) area of the segment is AF = Ax+ f(x), so (b) j79 [F () +h(x)]dx = J79 Fx)dx+ th(x)dx

’ = li A_F_ = =
F/(e)= lim ©= = () 9 5+49 9 9
Quick Review 5.3 (c) _[7 [2f(x)— 3h(x)ldx = L 2f(x)dx~ _[7 3h(x)dx
9 9
LD gny =2j7 Fedx=3[ n(xdx
dx =2(5)-3(4)=-2
d
2. Ey=cosx @ J;f(x)dx=—j19f(x)dx=l
d tan 7 9 7
3. ay:%c_}_xztanx © [, f@dx=[ fede+ [ oo
9 9
4. ii'.—y—=cf)sx=cotx =L f(x)dx—Lf(x)dx
dx sinx lse6
dy secxtanx+sec’x 7 . ;
e ® [, (@)~ fldx = [ h(xydx— [ fxyd
9 9
6. ﬂ=x[lj+lnx—l=lnx =_J.7 h(x)dx+I7 fx)dx
wo ‘ =—4+5=1

fil= (n+Dx" "

2
3. du=5
e @ .[1 fluydu
6. 2 1 oo 22 ) [*\3f@de=B” fle)dz=5\B
Tdx (25 41)? Ty 1 ,
© [, fodi=-]" foydr=-5
9. @ _ xe* +e* , 5
d @ [ -feNdx=-]" ferax=-5
dy 1 p
e 4. (@) Joag(t)dt= —_[_()Sg(t)dt=—\/5

Section 5.3 Exercises
2
1. (a) j2 g(x)dx=0
®) [ g0de=—["g(x)dx=-8

2 2
(© L 3f(x)dx = 3j1 F(x)dx=3(=4)=-12

) [ gedu=+12

© [ [-gidr=-|" g()dr =2

0 g(r) 1 o
@ I_der=$‘[_3g(r)dr =1

4 0 4
5. [, f@de= [, f@de+ [ fD)de
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@ [] foydr= [, far+ [ feds

2 S
=—[ fax+ [ fxax
=4+6=10

5 5 5
© [, [f)-g@ds = [ fyde— [ g(x)dx
=6-8=-2

5 5 5
M [ 14f0-g@ldx= [ 4f(x)dx— [ g(n)dx

5 5
=4[ fde- [ g(xydx
=4(6)-8=16

= 1@zt [ f@de
0 0
=-3+7=4

W) [} @i [ e [ 1y

=—_[4f(t)dt+j3f(t)dt
0 0
=—T7+3=—4

6.@) [*h)dr= [ hrydr+ | hrdr

=—[ hydr+[” hrydr=6
-1 -1
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6. Continued
1 -1 1
®) =, hdu==[ " hw du— [ by da

= flh(u)du— .[_11 h() du=6

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

J(:sin(xz)desin m<1
8. max v/x+8 =3 and min vx+8 = 24/2 on [0, 1]
ZﬁSI;Vx+8 dx <3

9. (b—a)min f() > 0 on [a, b]
0<(b-a) minf(x)gj:f(x) dx
10. (b—a) max £(x)<0on [a, b]
j” F(x)dx < (b—a) max f(x) <0

11. An antiderivative of x% —1is F(x)= %x3 -x.

1 ¢V3
av=~J—§j0 (x? = 1) dx

14. An antiderivative of (x—1)% is F(x) = %(x -1,

15.

16.

17.

1¢3 2 1 1({8 1
av—3_[0(x )] dx—3[F(3) F(O)]—3(3+3]_1
Find x = ¢ in [0, 3] such that (c— 1) =1.
c—1==1
c=2orc=0.

Since both are in [0,3], x=0o0r 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

NS PN
is 5(3)(6) =9.

12 9 3
= — dx =—=—,
(=g f@dr=2=2
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
is2(1) ——n ()" = ——.
(1 3 ()] 3

1 ¢l 1(4-m) 4~-=m
“”(f)=51-1f<’>d‘=5(7)=7~

There are equal areas above and below the x-axis.

1 1 p2= 1
- _ =— ) dt= «0=0
_\B[F(\E) FO)| (=] " fOdi=
_ 1 (0-0)=0 18. Since tan € is an odd function, there are equal areas above
\/-3_ and below the x-axis.
Find x = ¢ in [0,+/3] such that ¢ —1=0 av(f):LJl”M f(e)d9=2-0=0
24 /2 J-nl4 r
Cc =
2
c=1%1 19. ‘[”ﬂsinxdx=—cos(27t)+cos(7r)
Since 1is in [0,/3], x=1. -
2 X3 n/2 .| .
12. An antiderivative of ~~-is Fx)y==" 20. fo cosxdx =sin| = |~sin(0)=1
1p3f «° 1 1 9 3 ! x L_ 0
=— |- |ldx==[FQ))-FO)]=~| -Z |==-2 21. | efdx=e —¢ =e—1
av 3]0( 2) SLFG-F(0) 3( 2) : X
2 w4 2 _ E _ _
Findx=cin[0,3]suchthat—%=—%. 2. see xdx—tan(4) tan0 =1
¢’ =3 23 2xde=s?f 4212215
c=i«/§ ! !
Since v3 is in [0, 3}, x =3, 24, 23x2dx—x3‘ =2’ (-1’ =9
-1 -1

13. An antidetivative of —3x2 —1is F (x)= -x*—x

¢t
av=IJ0(—3x D dx = F()- F(0)=-2
Find x = ¢ in[0, 1] such that—3¢* —1=-2

3¢ =-1

ool
3

czi‘i
NG)

Sinceiis in[0, 1] x—~1—
\/5 > > \/5

25. [° 5dx=5x°,=5(6)-5(-2) = 40

26. |, 8dr =38+ =8(7)-8(3) =32

27.

2

oo

11 -1 .l T
dx=tan” (I)—tan  (-1)=—
[ mds=tan - -n=>

1 . _1(1) - n
. ——=dx=sin""| = [-sin" (0)=—
'[O \ll—x2 2 6
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el b b
29, L—dx=lne—ln1=1 39, Yes,jaav(f)dx;j f(x) dx.
x a
. This is because av(f) is a constant, so
4 11 3 b
30. [*-x =] = o= [ av(pydx=[av(f)x]}
! =av(f)eb—av(f)sa
=(b-
31. aV(f)zLOI:sinxdx ( a)av(lf) b
T 5 = “"“’[EL f@) dx]
=—{-cos—(-cos0))== b
n T = j F(x) dx
32 av(f)=3 j L gt ~(n2e~Ine) 40. (a) 300 mi
e—e'e x . .
i ®) 150 mi + 150 mi _
=— 30 mph 50 mph
e
3
LA . © 2201 _ 3 5 i
3. av(f)=— j04sec xdy = tan| -+ |~ tan(0) 8h
4 (d) The average speed is the total distance divided by the
4 . . d, +d, .
. total time. Algebraically, . The driver computed
T 114
34, av(f)= 1t 1 = tan (1) tan"1(0) (d ! J The two expressions are not equal.
. av(f)= 0ds = 2\ g,
T 3
=7 41. Time for first release = —100% =100 min
m”/min
__ 1 2 3, .2 3
3. av(f)= (=~ J 1(3x +2x)dx (x tx ) | 1 Timeforsecondteleasezmzsom
2-CD m>/min
=4 total released 2000 m> 1 5,
Average rate = - = —=13-m"/min
1 L2 3 p total time 150 min 3
36. av(f)=n_ _[%ecxtanxdx=; sec 3 —sec0 |
3 42, Jsmxdx<_[xdx 1 x? -1
2 h, 2
3
- P 1 1 x? % l 7
3. [ secxdrz [ |1+ |dr=|x+2| ==
0 0 2 6 b 6
37. min f=—and max f =1
44, Let L(x) = cx + d. Then the average value of fon [a, b] is
1 1 1 ¢b
3 J01+x4dx_l av(f):mja(cxm)dx
(L) (2 v
38._£(0 sx—% = ""L\T /_\_J“da
22
e e
2 b-a 2
8 _[ 1 _clb+a)+2d
17 1+x 2 2
( )(1) J (1)( ) _A(ca+d)+(cb+d)
= 3 S —
21 1” 8 _ L@+ L)
4 J 1+x 7 2
8 1 8 45. False. For example, sin 0 = sin 7 = 0, but the average value
ﬁ 4° Jo 1+ x4 2 ﬁ of sin x on [0, z] is greater than O.
49 3
6_ J 1+ 46. False. For example, J_3 2x dx=0but 2(-3) #2(3)
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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.

49.B. av(f) = éjlscosxdx = %(sinS—sinl)
= - 0.450.

50.C 10—ijF(x)dx
t b—a’a

b
10(b—a)= J' F(x) dx
51. (a) Ama:%bh
b
() x> +C

b 2
b h 5 hb 1
(c) y(x)dx=[—x ] =——=—bh
JO 2}, 2 2

& k41
1 ok 1f 1 k
52, av(x®y=— [ xfdx==| —* | =
=[x k[k+1x L k(k+D)

x+1

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

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

Intersection
=z 3OH3EYY LY=2. 2002044
1

{1,31by [0, 3]
Thus, k=2.39838

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

jb F(x) dx = F(b)— F(a)
I:G’(x) dx = G(b) - G(a)

Since F'(x) = G'(x), j” Fde=| :G'(x) dx, 50
F(b) - F(a) = G(b) - G(a)

_ Quick Quiz Sections 5.1-5.3

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

[ £ dx=3x" +12x+c
y=4x-5

m=f'=4

302 +12(0) +c=4

c=4

[ #/00dx = [(3x? +12x+ 4)dx
f(x)=x3+6x2+4x+c
F(0)=(0)* +6(0) +4(0)+c=-5
c=-5

f)=x>+6x2+4x-5

S SN LIV P
®) av(N == [ & +6x7 +4x—5)dx

1
=3
-1

4
1 x—+2x3+2x2—5x
2\ 4

Section 5.4 Fundamental Theorem of
Calculus (pp. 294-305)

Exploration 1 Graphing NINT f

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

multiples of ~72£ . There are six of these between —10 and 10.

. -10
3. In attempting to find F(~ 10) = [ tan(t) dr + 5, the

calculator must find a limit of Riemann sums for the
integral, using values of tan ¢ 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.)

S
7

4.y =tanx

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

32 3 43
s.C [[Pa=T 2.,
2 3,733

F1 46 A 71 r.n N1
6471 oy =227

5. The domain of this continuous function is the open interval

z 3
2’2 )

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

. Lo T 3z
continuous function in step 4, namely 72 )



