5 The Integral

5.1 Concepts Review 7 J'%/%dx: J’x'z’3dr=3x”3+C=3§/;+C
X

r+l

1. rx"_l;'\ +C,r#-1
2 O] L) SR =28:'%+C
3 2
3. w=axt 4352 +1,du = (4x° + 6x)dx 9. I(xz—x)dx=jx2dx—j‘xdx=%—x7+C
I(x“ +3x + 1)8 (4):3 +6x)dx = jusdu -
9 4 2. \9 2 _ a2
:%+C:(x +3; ) S 10. [(3x n)dx =3 [xPdx - [xdx
3 2
=3[i‘3—+c,)-n[52—+cz]
1. o [f(x)dx+ep [glx)dx X
=2-Z 4
Problem Set 5.1
1. [(4x® = x¥)dx =4 {Pax- [FPax
1. jsdx=5x+c I . { I
=4[L+C|J—[L+C2]
2. j(x—4)¢x=jxdx-4j1dx 6 4
2 28 i*
X —
=2 _4x+C e Y o
2 3 2

00 99 _ {100 99
3. j(x2+n)dx=szdx+njldx=§+m+c 12, [(x'%+x%)dx =[x %+ [xPax
EETTRT

a. j(3x2+ﬁ)dx=3szdx+ﬁjldx

13 [@7x7 435 - 45x> +V2 x)dx
=27jx7dx+3jx54x-45jx3dx+ﬁjxdx
=27x8 x6_45x4+\/5x2

s5/4 O 4 9/a —
5. Ix _dx=—9—+C=5x +C 8 2 4 2

3
=3%+\/§X+C=x3+x/§x+c

+C

14. J‘[xz(xS +5x2 -3x+J§)]dx

5/3
203, _af.213, 4 X
6. [3x*dx=3[x*"dx 3[ 3 +c1] _ (x5+5x4-3x3+J§x2)dx

—_ S 4 3 2
=§x$l3+C —jx dx+5|x dx—3jx dx+«/§jx dx
x® 5 3t f3xd
AR

3

+C
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2

15. J(i-i)dp j(3x'2 —2x73)dx

16.

17.

18.

19.

20.

21,

22,

X
=3jx"2dx—2j-x—3dx

_ 3t 2x7?

-1 =2
=—-3+L2+C
LI ¢

+C

?’"’%]dx: I(\/Ex_l'z +3x_5)dx

242 . 354

1
3 —4

=2\/Z-i4+c
4x

+C

I4X6 +3x%

x3

dx = j(4x3+3x)¢x

=4Ix3dx+3jxdr

2
=x4+3L+C
2

j"é—;"du fo -xyax
X
= ¥ dx- jx'zdx=§—i__]—l+c

4
=x_+l+c
4 x

I(xz +x)dx = Ixz dx+ dex=i+i+c
3 2

I(x3 +\/;)dx = Ix3 dx+ Ix”z dx

LI T &4 2
=—4+—+C=—+
4 .g_ 4

3
x+C
3

Letu=x+ 1; then du=dx.

3 3
fx+n?dr= uzdu=uT+C=¥+C

[(z+22) dz = [[(142)=]
(1443) 2

=(1+\/E)2 [ dz= +C
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23.

24,

26.

27.

28.

29.

(z:'+l)2 -_ 4227 41 .
IJ; := | 7 ds

= [z 42|24 (V20

2 4
2.2 +g25/2”2112*_6.

ds

s(s+1)2 _ S +252 +5
il
= J-s5/2ds+2js3/2ds+ Isl/zds

25712 45512 932
= + + +C
7 5 3

j(sine-cosa)da = jsinoda - jcosede

=—-cosf-smnf+C

I(tz —-2cost)dt = Ilz dt - 2Icostdt

13
=—=-2sint+C
3

Let g(x)= V2 x+1: then g'(x)= V2.
I(\/EI+ 1)3 V2dx= J'[g(x)]3 g'(x)dx

4
) [g(0)]* oo (ﬁx-!—l)
4 4

+C

Let g(x)= e +1; then g'(x)= 3.
J'(m(3 +) 3 dx = j'[g(x)]4 g'(x)dx

_ [g(.sr)]5 vo- (m’; D

c

Let u =5x> +3x—8: then du = (15x> +3)dx.
j(5x2 +1)(5x° +3x-8)%dx

= j%(lez +3)(5x° +3x-8)0 dx

7
=1J'u6du=l u—+C1
3 3| 7

32, el
_62+3-8)
21

30. Let u=5x +3x-2; then du = 4 5x% + 3dx.

j(5x2 + V5 +3x-2dx

= J%(lez +3)V5x +3x—2dx

=l Iu”z du =l(zu}/2 “‘Cl]
3 313
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31

32.

33.

34.

3s.

36.

220

9
=§(5x3+3x—2)3’2+C

2 3 3
=5 (5x” +3x-2)Y +C

Let =212 ~11:thendu = 4rdr .

J’3r3 2% ~11ldt = j%(4z)(2:2 -1)"3dr

=§J‘u”3du=§(§—u4/3+Cl)
4 414

=%(212-11)‘“3+C
= %%/(2:2 -1)*+cC

Let u= 2v2 +5; then du =4ydy

3y
dy = I—(4y)(2y +5) 2 dy

J\IZy +5y

=%Iu_l/2du = %(214”2 +G)

=%\/2y2+5+c

S(x) = [Gx+dx= %xz +x+C

f(x)—J( x +x+Ci)

1 1
=—x}+=x? +Cix+Cy
2 2

S'@) = [(-2x+3)dr=- +3x+G
S() = [(=x? +3x4C))dx

=—lx3 +2x2 +Cix+C;
3 2

SfS(x)= Ix”zdx = %xyz +Q

f(x)= j( 32 +C.)dx

4
_—5 +C1I+C‘)

f(x) J'x4/3dx 7/3 C]

flx)= (7*7/3

+ Cl dx = 2'110/3 +C1X+ C')
70 -

Section 5.1

37.

38.

39.

40,

41.

42,

SfT(x)= x+x
2 2

f'(X) = j.(.t+x_3)dx =%—IT+C1

fx)= I[—r 2 1

1
\'3+;x begx+ Gy

+Cl)dx

!

6
13 1
gr +7—X+C] Y+C‘1
f'(x)=2](.r+1)"3¢x=%(x+1)4/3+C
f(X): J{%(x_l_l)“/}_’_cl]dx

=]—94—(x+l)7/3+C|x+C2

The Product Rule for derivatives says
d
EU (x)g(x)+C) = f(x)g'(x)+ f(x)g(x) .

Thus,
JUrmg )+ (g = f(x)gx)+C.

The Quotient Rule for derviatives says

i[ﬂﬁ+ } 8/ ()= /(W)

de g(x) g2(x)

Thus. j'g(")f(") S(xg' (x)d. f(l')
g2 () g(x)

Let f(x):xz.g(x)=\/x—l .

1
"(x) = 2x. g'(x) =

x? 5
]{2\/.;__1«1—-):\[):——7]&1:

= [/ @+ f'(xgx)]dx = f(x)g(x)+C
=x*Jx-1+C

Let f(x)=x", g(x)=Qx+5)"2.

S(x)= 3x2, g'(x)=-(2x+ 5)—312
1
2x+5y2

—x3 3x2
-5 dx
2x+5)? J2x+5

= [[f(0g'(x) +g(x) S ()] dx
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_f(x)g(r)+C X (’)1+5) 1/2
X3 C
" zxes
a3, [/ (0dx= Ji P = )+ C
NI 560 +2
S(xX)=vx"+1+ _ s
2‘/*‘ +1 2\/x3+l
_[f'(x)dx: 5x%+2 +C.
Wxd +1

d( [
44, —|=2==4+C
dx (\/g(x) J
e/ W= f@ig T g

g(x)
_ 28/ (0)- f(0g'®)
2Ag(0P’?
Thus,
J' 2g(x)f'(x)= f(x)g'x) _ f x) .,
2[g(0)]*'? Jg(x)

45. The Product Rule for derivatives says that
d. o m\on
— x x)+C
dx[f (x)g" (x)+C]

= /M@ ]+ g (%)
= ™ (@)ng" ™ (g (N +[mf ™ (x) f(x)lg" (%)

= /™ @™ WA (g () + mg () ()]
Thus,

[ g™ (0Inf (g (x)+ mg(x) f'(x))dx
=fM(x)g"(0)+C.

46, Let u= sin[(x2 +D%);
thendu = cos[(x2 + 1)4]4().'2 + 1)3(2x)dx.
du= 8Jccos[(x2 + 1)4:|(.7c2 +I)3 dx

J-sin3 I:()c2 +1)4:|cos[(x2 +1)4:|(x2 + 1)3xdx

4
=_[u3-ldu=l u3du=-l- u—+Cl
8 8 8l 4

5.2 Concepts Review
1. differential equation

2. function
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41,

48.

49.

3.

4.

Ifx = 0. then |x|=x and 'ﬂx|dx=%x2+C.
Ifx <0, then |x|=-x and ﬂx|dx=—%x2 +C.
%x2+C ifx20
ﬂxldx’= <
——x2+C ifx<0
2
2U l—cosu

2

jsm xdx= J‘l_—cﬁdx=%x—%sin2x+C.

Using sin

Different software may produce different, but
equivalent answers. These answers were
produced by Mathematica.

a.  [6sin(3(x-2))dx = -2c0s(3(x-2))+C

b. jsin3 (ﬁde = lcos(i)-gcos(£)+ C
6 2 2) 2 6

2 .
c. j(xzcos2.r+xsin2x)dx=ir512—n2x+C

. a. Fl(x)=j(xsin.r)dx=sinx—xcosx+C1

F(x)= I(sinx— xcosx + C))dx
=-2cosx—xsinx+Cx+C,
H)= I(—Zcos.t—xsinx+C1x+ C,)dx

= xc:osx—3sinx+%clx2 +Cx+Cy
Fy(x)= j(xcosx—3sin x+%C,x2 +Cox+C3)dx

. 1 1
=xSlnx+4COSI+gC1X3 +5C2x2 +C3x+Cy

16 C 16-n

b. Fg(x)=xsinx+16cosx+
16(x) 2 06-m!

separate variables

=32t +vp; -160% + vol + 59
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Problem Set 5.2

222

ii_\_!_ -2x =X

dc afi-x? i=x?

ﬂ i-_—___—x + __I __O
I N T Y
&,

dx

—.rﬂ+y=-C.r+Cx=0
dx

dy .
@ Cycosx-Cssinx;
2
d .
—;_’ =-C;sinx-C; cosx
dx
2
d ;}+y
dx

=(~Csinx—Cycosx)+(Csinx+Cycosx)=0

dy

. Fory=sin(x+ C), = =cos(x+C)
dx

2
(%) +y2 =cosz(x+C)+sin2(x+C) =1

dy
Fory=z%1, —=0.
Y dx

&Y . 2 2
DN 4yt =02+z)? =1
(!) y (=D

Q=x2 +1

dx

dy = (x2 +1)dx

[ay = [ +1yax
x3

y+( =-'?+X+C2

3

X
=—+x+C
Y73
Atx=1,y=1:
l=—+1+C:C=—l
3
I
X 3 7
Q:x‘3+2
dx
dy = (x73 +2)dx

jdy: [ +2)ax

Section 5.2

X—Z
)’+Cl =——2—+2x+C2

y=—%+2x+C

2x
Atx=1y=3:
3=—l+2+C:C=3
2 2
| 3
y=——+2x+—
2x? 2
Y_x
de y
Iydy=jxdx
2 2
'—y—+Cl —x—+C2
2 2
yr=xt+C
y=i\/x2+C
Atx=1l.y=1:

1=+J1+C:;C =0 and the square root is
positive.

y=\/)c_2 or y=|x

dy |x
dax \y
[y dy=[Vxax

Y232,

y= (M2 e

Atx=1,y=4:
4=(1+0)*"3Cc=1
y=(M2 47203

4z _ 2.2

dt

Jz’zdz = IIZ dr

-z +C =£+Cz
3

1 I _ c-r
z 3 3
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10, —=y

. &6 var-1
dt

jds = j(lszz +4r=1)dt

s+C =?l3+212—t+C2

s=E13+212—t+C
Atr=0,5s=100:
C=100

s=?z3+2zz—z+1oo

du 3,3
12, —=u’(t" -t
2 { )

]'u‘3 du = j(:3 —1)dt

Atr=0.u=4:

4=C'”2;C=—l—
16
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13.

14,

15,

16.

dy o 4
—=(2x+l
! (2x+1)

_ 4, 1 4
y= @+ dr-aj(2x+l) 2dx

oS sy
_leeen’ @)’
2 5 10
Atx=0,y=6:
6=L+C:C=5—9

10 10
Qx4 59 (x+1)’ +59
RTINS 10

C

&
dx

- jy_zdv = % I2x(x2 +2)* dx

= —yzx(x2 + 2)4

l+Cl =1M
y 2 5
I (2+2Y°+C
y 10
B 10
r= (x2+2)5+C
Atx=0,y=1:
- 10
32+C

+C2

:C=10-32=-22
10

y=——F
(x> +2y° -22

Q=3x
dx

y= I3xdx=-;1x2+c
At(1,2)
==+C

Iy'z dy = 3Idx
‘—l'*‘ C] =3x+ C2
)I

l=-3x+C
Y

Section 5.2
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17.

18.

19.

224

1

yzC—3x
At(l,2):
1
C-3
c=2
2
y= 12
I3y 7-6x
2
4
v= |tdt =—+y
fra=Z+v
2
v=l—+3
2
12 I
$=||—=+3[dt=—+3t+5g
2 6
3 3
s=t—+3t+0=l—+3t
6 6
Atr=2;
v=1>5cm/s
22
S=—Cm
3
v=j(l+z)“‘dz=— 13+c
3(1+0)
V0—0:0=— ! =l
3
3(1+0) 3
1 1
v=-— T+3
3+ 3
s= |- 13+ldt= 12+l
3(1+1)° 3 6(1+1)° 3
s0=10:10=;+1(0)+c;c=
2
6(1+0)- 3
1 1 59
s= Tt —
6(1+1)- 3 6
Atr=2:
=——l—+l=E cm/s
81 3 8l
-1,2,59 28
54 3 6 27

_ 3, 1 173
v_j(zz+1) dz_zj’(zz+1) 2dr

=%(2z+1)‘“3+q

Section 5.2

3 as3 3
v=—(2r+1 -—
8( ) 8

_3 a3 5 3
s_gj(ztﬂ) dt—gfldl

3

3
2w+1)P2di -2 (14
16 /G0 3 1

9
=m(21+l)7/3 —%1 +C2

So =10:]0=i+C'):C’) =ﬂ
112 T 112

1111
-+ —

s=— a3,
112 8 112

Atr=2: v=2(5P -2 <283
8 8

5=_9_(5)7/3 _é.,.ﬁz
112 8 112

12.6

_ 3,1 -3
20. v_j(31+1) dt-3_[(3z+1) 3d:

-é(3l+l)_2 +C

Ea)
6

w

1
Vo =4:4=-—(;+CI;C'| =

1 -2 25
v=~-—03r+1)" +—
6( ) 6

1 . 25
s=-2 I(3t+l) dr+ I?dt

1 Y 25
-— |3t + 1) “3dt +— |dr
18 -[( ) 6 I

1 -1 25

=—3t+)" +—1+ G

18 6

t+C | )
50=0:0=—+C5:C; =——

59 18

Ati=2 ve—t@y 2425
6 6

s=i(7)“ +2_1 g9
18 318

21. v=-32¢+96,
s=—l612+96t+s0
v=0atr=3

At1=3. s=-16(3%)+96(3) =144 ft

=—16/2 +96¢
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22,

23.

24.

25.

26.

27.

a=ﬂ=k
dt

ds
= |kdt =kt +vyg =—:
v=| 0"
k 5 k o
s = I(kl"'\'o)dl :Et +vpl +5p =-£f + vyl

v =0 when t=—v?O.Then

508
dt
jdv =- js.zsdr

v= -Z—s =528t +vy =-5.28: + 56
]

jds = j(—s.zst +56)dt

s = =2.641% + 561 + 55 = ~2.641% + 561 +1000
When 1 =4.5, v=232.24 f/sand s = 1198.54 ft

v =0 when =5 <10.6061. Then
5.28

s= —2.64(10.6061)2 +56(10.6061) +1000
= 1296.97 fi

av

= =—kS
dt

Since V=§TU‘3 andS=4nr2,

anr? ¥ - pamr? so L=k
dt

jdr:-jkd:

r=-kit+C

2 =—k(0) + Cand 0.5 =-k(10) + C, so
C=2and k=—3—.Then, r=-il+2.
20 20

Solving v=-136 = 32t yields 1 = 1—42 .

2

Then s=0= —16(2) +(O)(£)+so, SO
4 4

S0 = 289 ft.

Vesc = V28R

For the Moon, ves = /2(0.165)(32)(1080-5280)
~ 7760 ft/s = 1.470 mi/s.

For Venus, ve, = +/2(0.85)(32)(3800-5280)

=~ 33,038 ft/s = 6.257 mi/s.

Instructor's Resource Manual

28.

29, a

30.

31.

32.

33.

For Jupiter, v, = 194,369 ft/s = 36.812 mifs.
For the Sun, v, = 2,021,752 fi/s
=~ 382.908 mi/s.

vg = 60 mi/h =88 ft/s
v=0=-11r+88;r=8sec

_dv_Av_60-45

=2 =1.5 mi/h/s = 2.2 fUs2
dr At 10

75 = %(3.75)2 +vp(3.75)+0;vp = 5 fUs

For the first 10 s, a = %K =61,v= 312 ,and
!

s=1>.So v(10) = 300 and s(10) = 1000. After
10s, a =~“%=—]O ,v=-=10(t - 10) + 300, and

s = ~5(1 —10)% +300( —10)+1000. v =10 at
t = 40, at which time s = 5500 m.

a. After accelerating for 8 seconds, the velocity
is8-3=24ms.

b. Since acceleration and deceleration are constant,
the average velocity during those times is

% =12 m/s . Solve 0 = -4t + 24 to get the time

spent decelerating. ¢ = 274 =6 s;
d = (12)(8) + (24)(100) + (12)(6) = 2568 m.
a. o

304
mifhr

10

b. Since the trip that involves | min more travel
time at speed v, is 0.6 mi longer,

v, = 0.6 mi/min
=36 mi/h.

c. From partb, v,, =0.6 mi/min. Note that the
average speed during acceleration and
deceleration is _"21 =0.3 mi/min. Let ¢ be the

time spent between stop C and stop D at the
constant speed v, . so

0.6¢ + 0.3(4 — ©)= 2 miles. Therefore,
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2 . . .
t= 23 min and the time spent accelerating

0.6-
2
3

0 = 0.9 mi/min?.

a=

34. For the balloon, % =4,s50 h{t1)=4+C). Set
t

£= 0 at the time when Victoria threw the ball, and
height 0 at the ground, then A(r) = 47 + 64. The
height of the ball is given by s(¢) = —160% + Vol .
since sp = 0. The maximum height of the ball is

Vo . , .
when 1 = 3—(; , since then s'(¢+) = 0. At this time

<

2 .
h(t) = s(1) or 4(3 )+64_— 6(;_‘;) +Vo(;g)

Solve this for v to get vy =~ 68.125 feet per

second.
35. a. ‘Z—V =( Jh where i is the depth of the
!

water. Here, ¥V = nr2h = 100h ,S0 h=—

Hence d—V= G ——V—, ¥(0) = 1600,
dt 10 .
V(40)=0.

b, [1ov~"2dv = [Cidr: 20V =Ct+ Cy;
(0) = 1600: C, =20-40 = 800;

V(40)=0: C, = io(? -20

] 2
V(t)=——(-20r + 800
(1) 4'00( )

5.3 Concepts Review

1. 2-

56) _ 105
5 =30;2(5) =

2. 3(9) - 2(7) = 13: 9 + 4(10) = 49

226 Section 5.2

. V(10)= ——(-200+ 800)° = 900 cm?
400

36. a. —=C,\/— P(0) = 1000, P(10) = 1700

whcre t is the number of years since 1970.

[P 13up = fC,dt:%PzU =t +Cy

P(O): 1000: CZ =%]0002/3 =150

%-17002’3 ~150
P(10) = 1700: C, = L———=63660

P =(4.2440r +100)3/2

c. 4000 = (4.24401 +100)3/2
_ 40002 —100

=35.812
4.2440
= 36 years, so the population will reach
4000 by 2016.

37. Initially. v=-32rand s = -16:2 +16.5=0 when
t= 1. Later, the ball falls 9 ft in a time given by

0=-16:2+9 . or % s, and on impact has a

velocity of —32(%) =-24 fvs. By symmetry,

24 ft/s must be the velocity right after the first
bounce. So

o =32 for0<r<lI
a. v =
-32(t-1)+24 forl<1<2.5

b. 9=-16:2+16 = 1= 0.66 sec; salso equals 9
at the apex of the first rebound at 1 = 1.75 sec.

Problem Set 5.3

6

6

L > (k-1= Zk 21_6(7) -6(1)=15
k=1 k=1 k=1

2. ii2=m=9l

6

-
]
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10.

11,

[e—
—

1

i 1443 48]
_—-.+.— —-—
45

L 1_1443 481
23 8 840 280

8
S+ =42 +57 +67 + 77 +82 492 =271
=3

8

3 ("2 = =n' 2 4 (=1)?20 + (1)
m=|
+H=)*"22 4+ (=1° 23 +(-1t2*
+H-1)72° +(-1)%28

=—%+1—2+4—8+16—32+64 =§23

7 (<pk 2k
5 (k+1)
= +
4 5
+(—1)525 +(-1)626 +(-1)727 _ 1154
6 7 8 105
6

chos(mt) =cosn+2cos2m+3cos3n
n=]

+4cosdn+ ScosSn+6cos6n
=-1+2-3+4-5+6=3

= -sin (—E) +sin (£)+ 2sin(m)
2 2
. (3n . L .
+3sin (7) +4sin(2n) +5sin [7) +6sin(3m)

=1+1+0-3+0+5+0=4

41
14243+ 441=) i

i=]

25
244+6+8++50=) 2i

i=l
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12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

ay+ay+astay+-t+agg = 202,_1

i=l

502

b_y+by+by+bs+-+bgg = D byi_3

i=1

fle)+ flea)++ fle) = flc;)
i=]

SOW)Ax + f(w)Ax+---+ f(w,)Ax

=2 f(w)hx

i=]

10 10 10
S(ai+b)=) a;+) b =40+50=90

i=i i=l i=l

10 10 10
> (3a, +2b,)=3) a,+2) b,
n=l| n=l

n=l

= 3(40) + 2(50) = 220

2 10 10
Z (ap+l _bp+l)= Zap - pr =40-50
p=0 p=l  p=l
=-10
10 10 0 10
Z(aq - q—‘l)=zﬂq—2bq—2q
q=l =1 q=| q=

=40—50-ﬂ2‘ﬂ=—65

1Y (1 1) (11 11
=[l-= |+ ===+ === |+ 4] ———
( 2) (2 3) (3 4) (40 41

_1_40
41 41
10
k=1

=(2-1)+(4-2)+(8-4) +---+(1024-512)
=—1+1024 = 1023

Section 5.3



23.

(

19 17
Yi(i-2)= Y (k+2)k
k=1

20
z[%—%} a1
k=3\(k+D)° & i=3
41 ) (_‘__L) ...... L_;J 14 10 .
4? 32) \s* 42 217 20 32 Y k2= i+ 4)2
ot 4 48 16 k= =
32 912 441 441 441 147 oo, L
By ooe =
m+] + i
k=0 i=1
24. Z (ak —ak_,)
k=3 13 - 10 -
=(ay—ay)+(as —a3)+(as—ag)++ 34, Z(k—3)sin(— =Zisin(—_)
k=4 -3) a3 !
Ha, —ay 1)+ (ape) —ap) =—a2+85,
100 100 100 35 2 ﬂ_lz_{lolzﬁ
25, ;O'_2)=3§'_§2=3(5050)—2(100) Z5's 52 s
=14.950 )
36. S—-rS=a+ar+ar® +---+ar"
10 10 2 n n+l
26. S [(-1)4i+3)]= 3 (4% -i-3) ~_lar+ar”+--+ar var)
i=l i=1 =g-ar"!
10 2 10‘ 10 n+l
=4> i ->i-) 3 =4(385) - 55-3(10) = S(-r), 5 =42
i=l i=] i=1 1-r
= 1455
11
k {1 0
& 3_42 2 3 9 2 37. a. lo(l) =1 (2) =2—(l)l so
27. Y (K -k*)= k- k* =3025-385 Z\2 ! 2 -~
k=1 k=1 k=1
=2640 O(I)k—l (1)10 \
10 10 k=1\2 2
28. 3 5k%(k+4)= 3 (5K +20k%)
k=1 k=1 0, -2ty
10 10 b. 2" = - =2"-1, so
=55 k> +203 k* =5(3025) + 20(385) k=0
k=1 k=1 10 k 11
=22.825 >2t=2l-2
k=1
n N n 5 n n
29, Z(zi-_3i+1)=2z,'-_3zi+zl 38. S=1+42+3+-+(n-2)+(n-N+n
i=l i=l i=l =l +S=n+(n-D+(n-2)+--+3+2+1
L2n(naD)@n+l) 3n(n+D) 28 = (n4 1)+ (n+ 1)+ (n+ 1)+t (MED+(n+1) +(n+
6 2
" _4n3—3n2-n 25=n(n+1)
6 S_n(n+l)
2

_ 2n3+3n2+n_3n2+3n
3 2

n n
30. D (2i-3)? =Y (4i* -12i+9)
i=|

i=l
n n n
=4) 2 -123i+>9
i=I i=l =l
_ 4n(n+ ];(271 +1) 1211(;1 +1) O

_ 4n3 —12n2 +11n
3

228 Section 5.3
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S=a+(a+d)+(a+2d)+---- +[a+(n-2)d]+[a+(n—l)d]+(a+nd)

minimizes S(c) .

Instructor’'s Resource Manual Section 5.3

39. +S=(a+nd)+[a+(n-1)d]+[a+(n-2)d]+--+(a+2d)+(a+d)+a
2S=(20+nd)+(20+nd)+(2a+nd)+---+(2a+nd)+(2a+nd)+(2a+nd)
28 = (n+ 1)(2a + nd)
_(n+1)(2a+nd)
2
Lo 2, 1 A
40. —=—=121) —==1+—4==17072 =1.414
i-z=1 ko V1 iaVk 2
N
Assume that Z—Ik— 2 \[/V forall N < n.
k=1
n+l / 2
i vn +n+l n+l
Then >Jn+ = > =Jn+
Z‘ z \/n+ Jn+l Jn+1 Jn+1
55 1 &
. 4L =—(2+S+7+8+9+10+14)-7~7.86 =— fo__(,u).,. (nx?)
2 1 55 55] ( 55) ( J 1<, 1< 5
2-= 5-=1| +|7- 8—— - 20
s 7[( 7) ( = ; - ’z-;x, 232 + %2 ngx, X
(9_2) (10 55) +(14_5_5j ~ 124 44. The variance of n identical numbers is 0. Let ¢
7 7 7 be the constant. Then
_ , f=%[(C—C)2+(C—C)2+'-'+(C—C)2]=O
42, a. x=1s5"=0
_ 45. Let S(c)= Z(x -¢)? . Then
b. x=1001,s2=0 i=l
Y= n
C. x—2 S’(c)—iz(r _.c)
—%[(1-2) +(2-27+0- ?)} de
! 2 02,2 _<xd 2
=§[(—l) +0° +1 :| —gz(x,--c)
=.L(2)=l n
2 =Y 25 -0)-)
- i=]
d.  x=1,000,002 .
[( l)~+0-+]2]= =—ZZI"+2']C
I=
S"(c)=2n
n " .
43. a. Z(X %)= ZX Z -t Set $'(c) =0 and solve for c:
5 n
—22x,-+2nc=0
i=
b. =—Z(x,—x) ——Z(t -2Xx;+X° ) n
i=] miz %Z
1& 5 2% ! 1 i=l
=;;x,- -TZI ';Z Since S"(x)=2n >0 we know that X
= = i=l

229



230

16.
Z(X -3 (yi-7¥)= Z(x,y, XY -yX+Xy)

i=]

i (i+1)* =i =4 + 6% +4i +1
n n
Y[+ =it =) (4 +6i% +4i+1)
i=l i=l
(n+1)* 1% —421 +6Zt +4Zl+21
i=] i=1
n? +an® +6n? +4n= 4Zi3 +6 n(n+1)(2n+1)
i=1 6
4n(n-i—l) n
2
n
Solving for Zi3 gives
i=l
n
42,-3 =,,4+4,,3+6nz+4n_(2n3+3"z+n)
i=1
-(Zn2 +2n)—
n
421'3 =n*+2n° +n?
i=1
n 2
z n +2n +n? _ n(n+1)
: 2
4. (i+1) =i =5i* +102 +10% +5i +1

Z[:n -i ]—52: +1021 +lOZt +521+Z|

=]
n+l)

n+l -521

+10

n(n+2n+D)
6

n
nS 4502 +10n° #1002 +5n = S.Zli4 +%n2 (n+ 1)2
I=

+%n(n+.])(2n+l)+%n(n+l)+n

Section 5.3
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49.

50.

51.

52.

n
Solving for Zi4 yields
i=1
n
Zi“ S [II + ; nt 43 3 5,3 —%n]
i=1
Cn(n+DQRn+D)(30% +3n-1)
- 30

n n
> (a+b)t =3 (@} +2ab1 + b}

i=| i=]

—IZZa +2(Zab +Zb2

i=]

= A2 +2B1+C

n
Because Y (air+4,)2 20. 412 +2B:+C 20.

i=]

Since Ar* +2B1+C20 forall:
(2B)? -44C<0
4B2-44C<0

B*-4C<0

B® < AC

(o) o8 2)

n n n
Da—ai )b =Y apbi - Y ai_ by
izl il izl

n-l

—Zab, 11— Za,

-Zab,l Za,b +a,b, —aghy

=1

=a,b, —agby + Zai (bi-1

i=1

. —aghy — 2 a;(b; - b))

i=1

=a,b,

1 1 1
—_——— -

l .-+
1.2 2.3 3. n(n+1)

1 1 1 11 1 1
sll-—=|+H ===+ === [++]| ——

2) (2 3) (3 4) (n n+l)
=]- l

n+l

Instructor's Resource Manual

53. Suppose we have a (n+1)xn grid. Shade in

n + 1 — k boxes in the kth column. There are n
columns, and the shaded areais 1+2+---+n.

The shaded area is also haif the area of the gri
n(n+1) n(n+1)

.Thus, 1424 +n=

&

Suppose we have a square grid with sides of

length 142+---4n "("+l)

dor

. From the diagram

2
the areais 1> +23 +--+2° or [ﬂ;ﬂ] . Thus,

B+ 4rn’ ["(";l)] .

54. a. The number of gifts given on the nth day

Z n(n + l)

12 ..
The total number of gifts is Zm
i=l

b.For n days, the total number of gifts is

to

[n(n+ I)]

Section 5.3
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2n+1

n(n+l)( +l)=%n(n+l)(2n+4)

1
4
1

= gn(n +1)(n+2)

55. The bottom layer contains 10 - 16 = 160 oranges,

the next layer contains 9 - 15 = 135 oranges, the
third layer contains 8 - 14 = 112 oranges, and so
on, up to the top layer. which contains 1 -+ 7=7

oranges. The stack contains

1-7+2- 8+-+9:15+10-16
10
= Y i(6+i)

i=]

10
= i(16-10+i) = 715 oranges.

i=]

5.4 Concepts Review
1. 16
2. inscribed; circumscribed

1 ! _
3. -2—(4)(4)-8,8+2(2)(2) 10

2 2
6. A=l l(—l—) +1 +(l-12+1)+ 1(3) 1 (
212 \2 2 2.\2

7. y
4

.

-2 3 X
-1

A=1(1+2+3)=6

232 Section 5.4

If the bottom layer is 50 oranges by 60 oranges,
the stack contains

50 50

> i(60-50+i) = Y i(10+i) = 55,675.

i=I i=l

For a general stack whose base is m rows of n
oranges with m < n, the stack contains

ii(n—mﬂ) = (n—m)ii+§:i2

i=l i=1 i=1

m(m+1) + m(m+1)(2m+1)

=(n-m
( ) 2 6
_m(m+1)(3n-m+1)
6
Problem Set 5.4
1. A=l 1+1+2+§ =Z
2] 2 2] 2
2. A=l 1+§+3+_+2+2+§+H _15—
4 2 4 4
3. A:l 2+2+§+3]=2
L 2 2
4. A=l E+3+7+2+2+2+H+3 _ﬂ
| 4 4 4 2 4

Instructor's Resource Manual



8. ¥
10+
ﬁ 1 1
0 5%
1 3 5
——|[3.2- 2- 2o1|+(3-3-1
A 2[(32 l)+(3 l)+(3 > 1] 3-3-1)
282 2
9, y
8»—
i m t
4 X

AT M H

6\36 9 4 9 36 216
10. y
T J
-1 0 1 x

Yo+ Ay (-8 _32(_3) (_22 2 2
A-5 B-D7 +( l)+1)+[3( 5) +( 5)+1]+[3( 5] + 3 +1[+]3 E) +[_§)+1 +3BO) +0+1)
2 2 2 2
-{3(1) +l+1J+[3(3) +3+1}+(3(3) +—3—+1J[3(i) +i+1}+(3(1)2+1+1)]
5 5 5 5 5 5 5 5
=§[3+2.12+1.48+1.08+1+1.32+1.88+2.68+3.72+5]=4.656

1 .
11, Ax=-—.x; =1
n n

£(x)Ax =(i+2)(l) LI
n n n- n

Instructor's Resource Manual ) Section 5.4 233



12.

13.

14.

234

A2 (202, a2
A(Sn)—[(nz+nj+(nz+n)+ +(n2+nﬂ

. . 1 5 5
Im A(S, )= lim|—+=[==
(S) = ( 2) >

n—w n—wo

2 2 2
A(S,) = 1_3+l N DL PR "_3+_
222 n) {223 m 2n

1 [n(n+ D2n+1) 1{ 223 +30% +n
SIS LR VN S L LY
2n® 12

6

lim A(S,)= lim 1 2+3+L +1 =—7-
n~»w n-w| 12 n n2 6

f(xi)Ax=[2( 2')+2][7J 8;
n n
{8} (2[5
n- n2 n-
8 n{n+1)
= 2(+2+3+ -+n) —nz[ 3 ]
4 n+n _4+ﬂ
- B n

lim A(S,) = llm (4+4) 4

n=30

First, consider a=0 and b = 2.

2 .
Ax=—.x-=zl—
n

1
n

2
rse=(2) (2)-2
n n n
8(2%) 8n?
S, e | 22
a0-| () (222} {25

T
n n 6

4|20 +3n%+n| 8 4 4
===t —+—

3 n3 3 n 3112

Section 5.4

—|2+—+

15.

16.

Lz(l+2+3+ +n)+2 =

n2

n—x

_]+1

n(n+1)+2 =L+§
212 2n 2

H (12+22+32+ +n?)+1
2

lim A(S,)= lim (§+i+i)=§'

n 3n?

n—<

By symmetry, 4= 2(2) 136.

]

AY=—,I~=

4
;=
n n

(G-
SxAx =1 | — =2
n n

A(S

I‘l

1

714

lim A(S,)= lim — !

n—»o

,) = [ B+

n

(23)+ + (n )J

(l3+23+ ) = 4[n(n+l)]
n

2

n* +2n +n? 1 2 1
—_—)—_— ==l =+ —
4 41 an 2

n—w

f(x)Ax = (if +iﬂ[l)—i+i
l “\n ni\n —n4 n?

A(S,

n4

-~+n3)+l2(1+2+~--+n)

)=l4(13+23+
n "

_l_l:n(n+l)j|2+_l_~n(n+])}
2 2 2
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_n 42041 nl4n 3n+dnsl 3 11
4n? n? 4n? 4 n 4n’
lim A(S,,)=g
n—wo 4
17. f(t,.)m=[i+z]i=L2+3
n n pc n
n i 2 ] n . n 2
A(Sn)=2[_z+;J=—zZ’+Z;
TEIANG noi=1 =l
=_l‘,_ltn(n+l :’+2
n- 2
2
- n -l;n +2
2n*
=(-]—+L)+2
2 2n
5
lim A(S, )_-+2_—
n—o 2
The object traveled 2% ft.
2 \2 2
18. f(t,~)Az=[l(i) +1]1=L—+l
2\n n o n
T 1 &o &
A(S )=z(—— —]:—Zi +)
oG\ n) 2 e
:L w +1 =.l. 2+2+L +1
2n3 6 12 n nz
lim A(S,)=——()+1=—~=1.17
noe 12 6
The subject traveled about 1.17 feet.
3.2
19. a.  f(x;)Ax= [’b) (2)=b—;
n n n
n 3
b _ b [n(n+ny2n+1)
Ao——z [———6—
3
=b— 2-1»3+L
6 n nz
2° b
lim A2 ="=2
n—-»cvo 6 3
b SmceaZO,Aé’:A(’,’+A,I,’, or
»® o
Ab= b_ a=___’
o =4y — 4 33
3 3
20, =238 37
3 3

The object traveled about 32.7 m.

Instructor's Resource Manual

21.

23.

24.

b A =Z—-—=2=2]
3 3 3
3 3

c ,13:5__2_:&7__39
3 3 3

a Ar—b,x, 2

n
BiY'(b) b™t™
Ax = — =
Slxax= (”) (’IJ nm!

m+l

n
I"+ z

_ bm-d-l nm+1 vC
nm+l 1443 +1 "

A(S,) =

) bm+l +bm+1C"
m+l  pm#l
bm+l
AO(): )= hm A(S,) =
m+1
lim =0 since C, is a polynomial in n
n—w Mt
of degree m.
b. Notice that A2 (x™) = A5 (x™)— AZ (x™) .
bm+l am+l

Thus, using part a, A2(x™)=="—- .
m+1l m+1

731‘1

a. Aé(x3)=;—’-=4

3+] 3+1
N TN ol PR
3+1 3+1 4 4
S5+1 5+1
o RuH 2L 1 e
5+1 5+1 3 6 6
=2=10.5
2
9+1
d. Ao( ) 2 =]024=1024
9+1 10
Inscribed:

Consider an isosceles triangle formed by one side
of the polygon and the center of the circle. The

angle at the center is 2n . The length of the base
n

Section 5.4 235



. . T S 7 . . n
1s 2rsin—. The height is rcos— . Thus the area triangle is »* tan—.
n n n
. . . 1 . 2n s n
of the triangle is r?sin—cos— =—r?sin— . B,=n r*tan= | = nr? tan =
n n 2 n n n
1 . 2¢m 1 . 2m 0 2
A, =n —r?sin== | = —nrlsin 2= . Lol s 2 2 SI“T‘T
2 n 2 n lim 4, = lim —nr“sin— = lim nr
n—»w n—o n n—yc 27"
Circumscribed: — 2
Consider an isosceles triangle formed by one side s
of the polygon and the center of the circle. The . . .. w2 |sini
poye o lim B, = lim nr® tan— = lim - —
angle at the center is — . The length of the base e noe nooAoRCosT g
n
n =nr?
is 2rtan— . The height is r. Thus the area of the
n
5.5 Concepts Review
1. Riemann sum 3. Ay~ Adown
2. definite integral: r S(x)dx 4 8 1 15
a ., 8—-——=—=
2

Problem Set 5.5

1.

2.

b

236

Rp = f(2)2.5-1)+ f(3)3.5-2.5)+ f(4.5)(5-3.5) =4(1.5) +3(1) + (=2.25)(1.5) = 5.625

Rp =fl0.5)(0.7 - 0) + [1.5)(1.7 - 0.7) + AA2)2.7 - L7 + A3.5)(4 - 2.7)
= 1.25(0.7) + (<0.75)(1) + (= 1)(1) + 1.25(1.3) = 0.75

5
Re =Y f(F)A% = f(R)B.75-3)+ f(4)(4.25-3.75)+ f(4.75)(5.5-4.25) + £ (6)(6-5.5)+ f(6.5)(7-6)

i=t

= 2(0.75) + 3(0.5) + 3.75(1.25) + 5(0.5) + 5.5(1) = 15.6875

4
Rp =Y fE)A% = f(-2)=13+3)+ f(-0.5)(0+13)+ f(0)(0.9-0)+ f(2)(2-0.9)
i=1

=4(1.7)+ 3.25(1.3) + 3(0.9) + 2(1.1) = 15.925

8
Rp =Y FE)Ax =[/(-1.75)+ f(=1.25)+ £(=0.75)+ £(<0.25) + £(0.25) + £ (0.75)+ f(1.25)+ f(1.75)}(0.5)
i=l

= [-0.21875 — 0.46875 — 0.46875 — 0.21875 + 0.28125 + 1.03125 + 2.03125 + 3.28125)(0.5) = 2.625

6
Rp =) f(Z)Ax; =[£(0.5)+ f()+ f(1.5)+ f(2)+ f(2.5)+ f(3)](0.5)
i=l

=[1.5+5+145+33+63.5+109](0.5)=113.25

f 2 dx 8. ﬁ (x+1)>dx
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10. E(sin x)2 dx

1. Ac==,5 =2

2 2i
n n

SE)=F+1=241

n
n _ _ n . -2_ z
;f(x,-)Ax-;[lﬂ(n)]"

_2 n(n+1)
—Zl+ Z:— (n)+ [ > ]

= n i=l

= 2+2(1+-]-)
n
2 . 1
_[) (x+1)dx = lim [2+2(1+—)J= 4
n—a0 n

12 ac=2x =%
n n
.\2 2
1@ =(2) 1=250
n

2 8 [ n(n+D(2n+1)
e e

]

(IS
M=

—

+
u|°°
-

™

|

14
[ (® +1dx = lim 2+ 3, L)
. n—w 3 nopn? 3

13. sz3 =_2+ﬂ
n n
f(i,-)=2(—2+£)+n=n—4+9-
n
6i (3
Ax = -4+—
e T
16. Ax=2—0 ——10+&
n n
. . -2
f(®)= (10+§)—') [10+20) — g0 22%, 200

14.

=—Z(n 4)+—Z‘ =3(n-4)+—

nll

=3n—12+9(1+-]-) )
n

L (2x+m)dx = lim [37: 12+9(1+ H
n—yw n

2

=3r-3
A.wc:3 ——24—ﬂ
n n
2
)= 3(-2+3’) r2=14-38 27
n n

i3]

n
=-Zl4-E§ i Zz
i=l n i=1
108 n(n+l) 81| n(n+1)(2n+1)
=42 - — _3. —_—
n 2 n 6

=42—54(1+1]+E 2+1+i
n 2 n n2

fz (x* +2)dx

18 [n(n+l)]
n

= lim | 42~ 54[1+1] 27 2+§+L =15
n—wo 2 n p?

Zf(x,)Ax Z[H (3) 3

i=] i=] n
n n
T M L)
Mol 1% n 2
=5+2'2(1+1)
2 n

L (x+Ddx= lim [5+§(1+ 1)]_2
n—»a 2 h 2

8000
Z -2

if(f,-)Ax = 2[90—1'(@}” (400)]— = —i%- 76005
n n

i=l i=]
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17.

18.

19.

20.

238

=1800-

2

n 3

2 n

11t
0 5x

LS f(x)dx

! 1 7
= 5(1)(2) +1(2)+3(2)+ 3 33 = >

P

-

1 I |
0 4 x

[ rodc=2 @ =4

0 ix
T

2
Lf(x)dx —(nl Y+—= (1)(1)_5+Z

Section 5.5

7600 [n(n + 1)]+ 8000 [n(n +1)(2n+1)

21.

22,

23.

]=1800-3800(1+l)+4_m9 h 3,1
n 3 n 2

0 \
f_ (x? +x)dx = lim | 1800-3800[ 1+ L3000, 3, 1)]-2000
10 n—o n 3 n ;12

3

2 1 1
[, 70dr==2(-2%)-@@) -5 (@)
=-7-8
The area under the curve is equal to the area of a
A
semi-circle: L A -x?dx=1742.
A 2
194

-A A X

Partition [0, 1] into n regular intervals, so
1
A=1
_ i1 —
Ifx=—+—,f(x)=1.
n 2n
n n l
lim X)Ax; = lim Y —=1
|P|-)0§f( )% n—)mgn
. _
If % =—+— (%) =0.
> i 3"
lim ) f(x))Ax; = hm 0=0
1032 =l
Thus fis not integrable on [0, 1].
a [ [xldr=(-3-2-1+0+142))) = -3
3

b. f3[[x]]2 dx =[(=3)? +(-2)°
+H=1)?+0+1+4)() =19

c. f3 (x—l[x])dx= 6[%(1)(1)] =

d. f}(x—[[x])z =f3(x2—2x|[x]]+[x]2)dx
= f}xzdx—Zf x[[x]]dx+f ﬂx]zdx
_2—-2[ 3[Cede-2[xdx- [ xar

+0Lxdx+j‘ xdx+2jzxdx]+19
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= 18—2[(-3)(1(—2)—%(1)(1)) 25. Rp =%Z(x,~ X)) = Xi)

i=l
_2(](—l)—%(])(l)]—(—%(l)(l)]+0 -

(sz——iz—l)
+(|.1+-;-(1)(1)]+2(1.2+%(1)(1)H+|9 _

N —

n
i=1

[(x,"’ —x)+ (2 = x2)+ (3 - x3)

N | —

=37-2[(—3)(-3)—2[—3)+1+3+2(-5-)] +---+(x3—x,2,-|)]
2 2)" 27272

=37-35=2 =%(.¥3-x§)

e f |r|dr=l(3)(3)+l(3)(3)=9 LTI

B 2 2 >

. | ) 2 1 2 2
-3y 3 lim —(b" -a“)=—(b" -a”)

f. f .le'dx:gi-'-@_:() n—w 2 2

3 3 3

/2
26. Note that f’ = [%(Xiz_l + X1 X +x,-2 )]

e [ Wlxae=- [ [dac+0 f[xac+ [ldax

112
1,2 2 2 |7
=—%(1)(1)+l(l)+%(1)(1)=1 Z[S(J‘i—l*‘xi-l ”i-l] =Xy and
172
2 9 2 1 5 X = l(rz + X X+ x2
h. Lx“ﬂx]]dt:—flx'dr-!-OLX dx L R
2 2 1 2. 2, 2 2
+-[l x“dx < S(X" +X; +X,') =X
B (23 3 "
=‘?+['3"?)‘2 Ry =Y 5a

n
1.2 2
24, a. L f(x)dx=-3+43=0 =Z§(.; + X2 X + X0 (x —xioy)

1<, 3 3
gz("i -xi.1)

i=1

b. fl g(x)dx=3+3=6
¢ _E |f(x)|dx=3+3=6 =3[(-‘13—-¥<3))+(I§—x13)+(x§—xg)
. NG = =

+...+(x,3,-x,3,_l)]
d. -g(x)]dx=-3+(-3)=-6

El[ =) " =%(13-I8)=l(b3—03)

3

e. L xg(x)dx =0 because xg(x) is an odd

R P -
function. 27. Left: L(x +1)dx =5.24

. 2 3
Right: 1)dx = 6.84
f. fl f3(x)g(x)d\'=0 because f3(x)g(x) ' L 7+

2
is an odd function. Midpoint: L (x3 +1)dx =598

28. Left: E tan xdx = 0.5398
. |
Right: L tan x dx = 0.6955

l .
Midpoint: L tan xdx =~ 0.6146
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29, Left: ﬂcosxdr:0.8638 32. Esinxd,rzo.0398

1
Right: Lcosxdxz0.8178 2 4 “~N
33. J’_] (x* =322 +1)dx =06

|
Midpoint: jo cosxdx ~0.8418
2 ( x-1
34, L ( )dx:—2.2143
2 2

30. Left f [l}a:].lssz X+l
X

|
35. L [ljdx is undefined; l is not bounded near
C X

Right: f (l)drz 1.0349
X

. 3
Midpoint: £ (ljdr: 1.0971
x 5
36. L tan xdx is undefined: tan x is not bounded

3L f«, (—l+|x])dx=4 near x==.
- 2
) 3. 2x 0<xx<l
5.6 Concepts Review 24 (x=1) lex<?
1. 4(4-2)=8;16(4-2)=32 A(x)=93+2(x-2) 2<x<3
5+(x-3) J<x<4
2. sin’x ete.
3. [ s [Vra N “N
4 <L
4, 5 al
Probiem Set 5.6 2
1. A(x)=%(x—l)(—l+x). x>1 : ;: ;' ;;x
A ¥
4 4. F%xz 0sx<l
3r %+%(3—x)(x—l) l<x<?
2t 2
1+i x-2 2<x<3
'l A(x) =4 2( )
3,1
. /o 5+5(5—x)(x-3) 3<x<4
-0 1 2 3 4x 2+1(x-4)? 4<x<5
] 2 2
2. Ifl<x<2, then A(x)=5(x—]) . cte
If 2 < x. then A(x) =.r—-g-
v ¥
A
3
[ o 1
. 1 1 1 1 >
I P
) 2 30T 1 2 3 4 ¥ .,

240 Section 5.6
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2 f(x)dx = 2f f(x)dx=203)=6 17. G'(x)=D, [ E'z (s —2)col(2s)ds]

W
)

2f(x)dx = 2ﬁ fx)dx =D, [— le (s- 2)cot(23)ds} =—(x-2)cot(2x)

2[ [ fxydx+ f f(x)d.r}=2(2+3)= 10

&
s

18. G'(x)=D, [ J;" xt dt] =D, [x L“ 1dt]

2 2 2
. <J = dx 2
 hprwesjamal, fde oo o 2] o (22
=2[Ef(x)¢x+£“ f(x)dx]+]0 glx)dx 2, 2
=202+3)+4=14 2 x) 351
=DX —_——.— ==X -—
1 ; 2 2) 27 2
8. [[2/(5)+g(s)1ds =2 j: S(s)ds+ [ g(s)ds
_ - [ 2
=22+ (h=3 19. G'(x)=D,| | sintdl]szsin(xz)

9. [12/(5)+5g(s))ds =2 f f(s)ds -5 f g(s)ds

P -

_ 4(3)-5“)2 g(s)ds- [ gs)ds J 20. G'(x)=D, J;‘Z” 2z +sinz dz]

=-6-5[4+1]=-31

= Qx4+ 1202 +x) +sin(x? +x)

10. f [3f(x)+2g(x)]dx =0 =2x+ 1)\/2x2 +2x+sin(x? +x)
2 21. x 12 (2 < 2
11. 3f(1)+2g(r)}ar G(x) = —dt= d d
L[ ]2 2 ® chl+t2 I 242 o 1412 :
- 2 2 2
3[£f(t)dz+£ f(z)d:]+2{) gy S
=32+3)+24)=23 1+1¢ 1+1¢
2 2
2 ' (—x ) ( X’
12. L[Jif(:)+ﬁg(z)+n]d: G'(x)=- - 2\—2x)+l :
1+4(-x +x
=J§[ { s+ f f(:)d:]+J§ [)2 g()dr s
2 ST et 3
+nL dt . 1+x7 1+x

=3Q2+3)+V2(@)+2n=53+4J2+2n _
22. G(x)=D, [ c :%]

D [Einx dt+ _tim ,5d,]

X
D, [ me Pdr- [ 15dt]
5

5

13. G'(x)=D, J‘I" % dt] =2x

4. G'(x)=D, _[izz dt] =D, [- f‘ 2 dt] =-2x

=sin” xcosx+cos” xsinx

15. G'(x)=D, K (2:2 +J?)dz]= 2x% +Jx

16. G'(x)=D, [ f‘ cos’(2¢) tan(t)dt]

= cos® (2x)tan(x)
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23, f'(x) = ———
a’ +x°
1 x?
S(x)=
\/a +x° \/(a -lx)
2
a

which is always positive.

) \’(az +x2)3 ,

24. The graph is concave up when f"(x) is positive:

l+x -2x- x2

f()-
(+

when x2+2x-1<0. By the quadratic formula

the left side is zero for x = —1++/2 , and testing

the point x = 0 indicates that f"(x) > 0on

(-1-v2,-1+2).
25,

-

1 | 1 !
0 5x

[:f(x)dx= _[:xzdx+_‘:xdx
——OJ+(8 2= 236

2
xr x? 8
IR Y€
0 2

/N

26.

IS
FT 1T 1 1T P T T

1 |

1 1
3 4 5%

111
1

N =

0

[ reyde= [ e+ [ xdes [ (4-x)ax

= ﬁdx+ f xdt+4f: dx—_c.xdx

ol o]

=(1-0)+(2——;-)+4(4—2)—(8—2) =%

242 Section 5.6

S )——?)2—, Sf(x)>0

27.

1L INAY | 1
1 2 3 4 5%

[ ryde= [ @-xde+ [ (x-2)ax
=2[ d- [ xdes [ xde-2[ ax

2 X2 ’ x2 ‘ 4
ot [E ]
=22-0)-(2-0)+(8-2)-2(4-2)=4

28. A7y

[ (3+le-3))ax
= [+le-3)dx+ [[(3+]x-3)ax

- 9 7_
=3-2+1.1=17
e N _ﬁ’(x“ﬂ)d::o
b. y=F(x)
Y Fmy=xt+
dx
dy=(x*+1)ax

y=%x5+x+C

c. Now apply the initial condition y(0)=0:

0=10’+0+C
C=0
Thus y=F(x)= —x +x

’[;(x"-&-l)dx:F(l):%lSH:g.
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~

3. a G(x)=gsin1dt

G(O)=fsintd1=0

GQ2r) = joz”simdf -0

b. Let y =G(x). Then

dy .
—=(C'(x)=sinx.
I ()

c. dy =sinxdx

y=-cosx+C

Apply the initial condition
0=y(0)=-cos0+C. Thus, C=1,

and hence y=G(x)=1-cosx.
d. >
L sinxdx=G(rw)=1-cosm =2
e. G attains the'maximum of 2 when
x=0.2r.47.
G attains the minimum of 0 when
x=n3r
Inflection points of G occur at
.
2°2°2° 2
f. N4
1
' g

31. ls\/l+x4Sl+x4,so
des_[;\/l+x4dxsﬂ(l+x4)dx

deﬁﬂJHx"’deﬁdx«rﬁx"dx
5 1

(<< [ 1+x4dxs[x];+[%Jo

(1—0)5£\/l+x4 dt$(1—0)+(%—0)

15[1 1+x* dxsg

32. On the interval [0,1], 2<V4+x* <4+ x*. Thus

Instructor's Resource Manual

£2dxsﬁ 4+xtdi< ﬁ(4+x2)dx

2S£\/4+x2dxs%

Here, we have used the result from problem 29:
£(4+x4)dx = E(3+1 +x4)dx

- £3dx+ﬂ(]+x4)dx

i

l
o

|
ol

=3+

wicn

5 f(x)<69 so
4-5SE(5+x3)dxs4-69

20< E(5+x3)dxs276
Ay

b

-

8 & 8 3

On [2,4), 8% <(x+6)’ <10°. Thus,
2855 [(x+6) dr<2-10°

65.536 < [ (x +6)° dr £200,000
,

100000 |

.y

60000

40000 P

20000 |-

On [1,5].

3+253+3_<_3+3
5 X 1

4(ﬂ)sj’|5[3+3)¢xs4-5
5 X

L f(3+3)dxszo

5 x

¥
6

On [10,20],

Section 5.6
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5 5
(1+L S[HL) < 1+L) 39, Let F(x)—L‘i’-dr Then
20 I

x 0
Y aof 1Y 1y im L I g 2 i £ FO) N\
10 % < 0 l+—| dx<10 m x20x 0 2471 x—0 x-0 _
x
4,084,101 _ o 1Y 161051 =F'(O)=:]z:(())=%
=" " < | |+_] dy<———
320.000 0 x 10,000
40. i 1 x4y I+,
12. 7678<J; (1+ ) dx<16.1051 o194,
I i Lvl+ld’_ 1+1dt]
- x—=lx-1 241 2+¢
S—— i F®=FQ)
1 x->1 x-1
o —F(l)= 1+1 3
5 10 s 0¥ 2 + l 3
37. On [47.87] 41. ff(’)d[ =2x-2
555 +%sin2 x< 5+%Idt Differentiate both sides with respect to x:
(47)(5) < f”(5+2l—osin2.t)d):$(4ﬂ)(5+2l—o) —J; S(H)dr = (2" 2)
X)= 2
20z < f (5+%sm x)zix<l—0—17t /== . L .
5 If such a function exists, it must satisfy f(x)=2,
s ! but both sides of the first equali?y may differ by a
s constant yet still have equal derivatives. When
} x=1 the leftside is J; S(¢)dr =0 and the right '
\ side is 2-1-2=0. Thus the function f(x)=2
g satisfies f f(t)ydt=2x-2.
38.  On[0.2.0.4], 42. E f(0)dr = x*
N 2 2
0.002 +0.0001cos” 0.4 < 0.002 "'20‘0001005 * Differentiate both sides with respect to x:
<0.002 +0.0001 0.2
0.002 +0.0001cos E—Ef(t)a’t=ix2
0.2(0.002 +0.0001cos” 0.4) dx dx
S(x)=2x
< ﬁ ':(0,002 +0.0001 cos? x)dx If such a function exists, it must satisfy
"~ 5 f(x) =2x, but both sides of the first equality
< 0-2(0-002 +0.0001cos 0-2) may differ by a constant yet still have equal
derivatives. When x =0 the left side is
Thus,
0.000417 < ["}(0.002+0.0001cos? x ) d [, /(1ydr =0 and the right side is 02 =0.
<0.000419 Thus the function f(x)=2x satisfies
"X
o.oslfy Lf(’)dt:x2
L ] "2 3
002 } 43. L f(Ndi=1x
o } Differentiate both sides with respect to x:
0.2 0..4 ; \:
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dx
f(xz)(2x) =x°
)
on

If such a function exists. it must satisfy

f(x)= \/—2;' , but both sides of the first equality

may differ by a constant yet still have equal
derivatives. When x =0 the left side is

2
J;) f()dr =0 and the right side is ? =0.
Thus the function f(x) =§ satisfies

2
J: f(l)d!=%x3.

44. No such function exists. When x =0 the left

45,

46.
47.

48.

side is 0, whereas the right side is 1

True. f{x) will have a minimum, m on [a, b},

m20,so Ef(x)d.xz ijdx= m(b-a)20.
False. a =-1, b=2, fix) = x is a counterexample.

False. a=-1, b=1, fix) = x is a counterexample.

True. The integral can be zero only when the area
above the x-axis equals the area below, but since
f(x) 20, the area below is zero. Hence fix)

never rises above 0.

5.7 Concepts Review

1. antiderivative; F(b) - F(a)
2. F(b)- F(a)

3 3 3

3.

Instructor's Resource Manual

49.

50.

51,

52.

True. [5 f(x)dx~ [5g(x)ax
= [BLA(x) - g(0)dx

False.a=0,b=1,fx)=0,g(x)=-1isa
countercxample.

-lf)| s f(x)<|f(x)] . s0
J:—If(x)ldxs J:f(x)dx:
Llrelacz-[ reds

and combining this with

[lrelaxz [ rax.

we can conclude that

| £ reoad > [lreofax

If x>a, ["|f'(x)|dc<M(x-a) by the
Boundedness Property. If x<a,

J:If(x)ldx = —j: |f"(x)]dx 2 ~M (x-a) by the
Boundedness Property. Thus

I:If’(x)ldstlx—al.

From Problem 51, I: If’(x)]dx 2

j: f'(x)dx‘.
| £ s =reo-r@l 2ol Ve

Therefore, | f(x)|-|f(a)| < M|x-a| or
|f )| <|f(@)+M|x-4|.

Problem Set 5.7

. fl (3x? —2x+3)dx=[x3 —x? +3x]2

2 a7
1. Lx3dt=[%] =4-0=4

0

572

l 5 4 5 5 5§

=@8-4+6)-(-1-1-3)=15
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&

. f (éx3 +7)dx=[x4 +7x:|
=(16+14)—(1+7)=22

2
1

) -~ = wn
=3, & e i N
W ~
ﬁ S W] M|.—-
< a <%
o -~ ~ Qo
= ] n =
| — — 1]
— Wl o —
' ~~ Nl'— |
z ~ — g |-
N N = )
b : ) —
- =] 1] N I
1} ! |
‘ N | —
~— hadt g N— | —
| wa oo | Sa—
. Ne— —~ |
- | | —_~
(=) — |
— [ < L
| ] ] \“’
g ~ - O | oo
N w|a slw
~—
i
'S
& &

Y|
3 2y2 4

J(-8o1) (s 1) 178
38 3 32) 9%

4
-8 _ 38
10. fs - ds=f(52-8s 2)ds=[%+;]
|

o
=
Ve
<
~
+
u|"‘
SNe—_———
&
1]

11. Elz cosmix:[sinx]gl2 =1-0=1
12, [0 2sintd =[-2cos[} 7 =0+3=\3

1
1

w

. ﬂ (2x4 -3x? +5)dx =[%x5 -x +5x:]

= Z—l+5 —0=2
5 5

0

1
14, ﬁ (4" —2x”3)dx=[%x7/3 —%x‘”?’]
0

15. u=x>+1,du=2xdx
11
[ +1)°@x)dr = [u'® du ="1—l+c

=%(x2 +l)” +C

246 Section 5.7

1

ﬂ(xz +1)'0Qx)dx = [ll—l(xz +1 ‘]

Loy Ly | 22047
_[11(2) ] [11(]) ] 1

16. u=x>+1.du =37 dx

J.\/x3 +1(3.\'2)dr= j\/z:dzl = %113/2 +C

0

=§(x3+l)3'2+C

2 0
f; N +l(3.r2)dx=[§(x3 +1)3’2]

-1
=(Z.13/2)_(3.0)=3
3 3 3
17. u=t+2,du=dt

I ! (11=Iu—2du=—-l—+C=—-l—+C

(t+2)° u r+2

3
£ el ] 2]
De+2) 1+2], 5 5
18. u=y-1,du=dy

IJ.)/Tld)’ = IJ;du =§-u3l2 +C

“20p-1ec
3
10
10 2
X \/y—ldy=[—(y—1>3’2]
3 2

2 2 52
[3en {303
19. u=3x+1,du=3dx

IJ3x+ldx=%IJ3x+l34:=%I\/;du

2
=-2—u3/2 +C==0x+¥%+C
9 9

8

E\/3x+ldx=[§(3x+l)3/2]

2 2 122
=|— -1=(64) |=—
[9 (125)] [9(6 ):| 9

20. u=2x+2,du=2dx

S

I l dx=lj. 2 dx
V2x+2 2°y2x+2
=Ju+C=yJ2x+2+C

£7\/51_2dr=[\/2.r+2]’7 =4-2=2
X+
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20, wu=7+22 du=4tdr |:_2:|“/2
5 n/2

X
_— +|—C0sSX
f\/7+2!2(81)dt =2 [N7+2:2 @anar 2 [ l

0
4 312 4 2,372
=2I\/2du=§u +C=2+27y

3
f3\}7+2:2 (8t)dt =[§(7+2¢2)3’2]

2 2
2[“——0)+(0+1)=“—+1
8 4

2
-3 26. E [4x+ cosx]dx
4 4
=[2a25(-|2qa25)|=0 " 7
[3( )] [3( )] =4E‘ ,l‘dx'f-E cosxdx
, 2 /2
22, u=x>+3x.du=(3x2 +3)dx =4[J‘_] +[sin |22
> o
£ 41 3x2 +3 “do

= dx

1
I\/x3+3x 3I\/x3+3x =4[§_0]+(]_0)
2

3 \ L n+2
2 =—_4]=
f—"i'—dx=[3 x3+3x] 2 2
Vxd +3x 3 I
=(§-6)-(§.2)=§ 27. f;[\/;ﬂﬂxﬂ]dr =E\/;dx+£\/2x+ldx
4 4
=[3x3/2] +l|:£(2x+l)3/2]
23. u=cosx.du=-sinxdx 3 o 2L3 0
Icoszxsinxdx=—_|‘coszx(—sinx)dx =(1__0]+l(18_3}=14
, 3 2 3
2 u’ 1 3
=—J'u du=—?+C=—§cos x+C s - 2
—5 R
2 5. I 5 /2 28. [4 75 dS=L2S—2ds— ‘-2—ds
E cos” xsinxdx =| ——cos” x o
3 0 _1[ 1]“ 1[s3]
A g e ey
:0— —_—_— = - s —4
( 3) 3 4
1[ 1) 1( 1 64) 81
= — l—— —_—— ) —-—t— | ==
24. u =sin3x,.du =3cos3xdx 20 4) 203 3 8

. 2 L. 2
_[sm 3xcos3xdx = 3 '[sm 3x(3cos3x)dx 20 E (x2 +2x)2 dx = E(x4 403 +4x2)dx

l 2 l 3' ] .3 1 |
=§J'u du=§u 'rC=—9'Sll1 x+C =Lx4dX+4[)x3dx+4£x2dt
n/2 1 1 1
Elzsin23xcos3xdx=[lsin33x] _ i +4 fi +4 i
? o 5 4 3
( 1) ] 0 0 0
=l—=]-0=-= 1 ] 1 38
=|=-0]+4{—--0]|+4|=-0|=—
2 (5o eao)5-0)-3%
5. [7'? @x+sinx)dx
. g ( x+smx) 30. fa ((1”3—1‘]/3)3dx

/
=2_G 2 xdx + J;‘lz sin x dx
_ fa (@-3a2353 430353 _ xyax
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s LT T

T
1/3 (82 _2/3 a .
+3a Ex d"'Jj xdx =%[sin7t—sin0]=0
8 233 anl
= a1 _ 3,23 2 38. 12
a[x]," -3a [4‘t ] 1 K sin? xcos xdx
a xl/2-0
8a [ 278 /2
+3gM3 §x5/3] X =2[-l—sin3x] -2
5 a 2 il 3 o 3n
a
203( 1 413 _3 a3 39.  Using c=7 yields 27(5)* = 12507 = 3927
=a(8a-a)-3a 12" -=a sing ¢ =7 ylelds 2 <
4 y
113(96 s13 3 513 ) a
+3a (—a -=a )— 32a" -— 1000
5 5 2
500
=7az—ga2+2—79-az—§a2 ' = T x
5 2 -
=82
20 40. Using ¢ =0.8 yields
2(3+5in0.8%) = 7.19
X 3 r ) P2l
31. j;r d=|—| =2 —= y
4 | 4 4 .
3
0, x<0 ?
32. r (1+])dr =1, i
ol , x20 -
| 2 x

3 3
13, L [ 4xax =-l—|:x4] =40
3-1 2 1 ) .
41. Using ¢ =0.5 yields

34. 3
—l—_[)}—x—dx=l[\/x2+16] . a2 3,
3—0 "X2+16 3 0 3 ]+0.52 =J.
3s. I
T3 L2+ ex t’
2
=%[f2(2—x)dx+ £(2+x)dx] /\
l s
o127 1,27
—3{[2x 2% ]-2+[2x+2x ]0} . —
-1 1 X
i ) 17
=§(—2(-2)+%(—2) +2+%)=?
3e6. I 2 Using ¢ = 15 yield ]6520 1-0~138
e “3(x+|x])dx 42, Using c=15 yields Ts (20-10)=13.8.
=é(f3(—x+x)dx+§2xdx)
Y L]
_S[X ]o ©s
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. ) 2
S 10 15 20 X

43. f(c)(3—0)=L3\/x+]dx
2P
1
3Ve+l [(x+ :|0
\/c+l=§(8—l)

(14]2 115
c=|—1| -1=

9 81
s@a--m=[ xds

3 1
2f(e)= {%l
1

2c2 =£
3

44.

wl&

=t

Both +3/3 are in the interval (-L1).

B 210 = [|xfax

2|e| = _[)Zxdx

2
.1'2
2|C| = [7
0
2

2|c|=
c=1%I

Only c =1 is in the interval [0,2].

46. 4f(c)= fz |x|dx

4|c| =2 .[)Zxdx = 2[5;]2

0
4|c|=
c=xl

Instructor's Resource Manual

47.

48.

49.

50.

51.

52.

53.

54.

Both £! are in the interval [-2.2].

3 3P
L.r2¢x=[%} =9-0=9
0

_[;' sinxdx=[—cosx]:)r =1+1=2

ﬁ(l+x+x2)dx= Lz dx+ Lz xdx+ LZ x*d

(<] 5]

=2-0)+(2- 0)+(§—0) 20

3

The right- endpoint Riemann sum is

‘Z(0+]—n(—’x) (—) Zz . which for

i=1 71,-

77
= 10 cquals — = 0.385.
TR eas o0

1,1 1 =
Exzdx=[—x3] =220333
3 3

0

[} (2lxd-3lel)ax =2 [, [x]es-3 [, rax

=2[(-2-1+0+1+2+3)(1D)]

1 1
—3[5(2)(2) Y (4)(4)]

For b> 0, if b is an integer,

ﬁ[[x]]dx=0+l+2+m+(b—l)

il (b- l)b
i=l

Section 5.7
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If b is not an integer, let n =[b]. Then
ﬁ[[x]]dx =0+1+2+--+(n=1)+n(b—n)

_{(n=Dn
2

+n{b-n)

= w.,.ﬁb]](b_[[b]I) .

n
55, a, J: dx= B,,; ﬁn Wd) = An

Using Figure 3 of the text,
(a)(@")+ A, + B, =(b)(b") or

B, +A, =b""1 =" Thus

n
I:.l'"d.\'-i' ﬁn q/;dy :bn+l _an+l
n
b. J:'x"dx+ ﬁ,, 2y dy
n

b b
_ x"+l + n y(n+l)/n
n+l n+l o
a

_ brnl—am—l . n b"‘”— n an+l)
n+l n+l n+l n+1

_ O™ —<1n+1)a"*' _prl g
n+

b
c. B,= E.r"dx=—l—[x"’”]
n+l a

1
— bn+l _an+l
n+l ¢ )

n

b

n

A4, = fn '\'/—};dy=[—n ,\’(”+1)I"]
n+1 "

n
- (bn+l _g"™ )

n+l
n
UB" — _(bn+l _a"+l) - A,,
n+l
56. Since fis continuous on a closed interval

[a.b] there exist (by the Min-Max Existence

Theorem) an m and M in [a.b] such that
f(m)< f(x)< f(M) forall x in [a.b].
Thus

250 Section 5.7

57.

j:f(m)dxs Ef(x)dxs E’f(M)dx

(b-a)f(m) S [ f()dv<(b-a)f(B)

S s == [0 fe)ds < £01)
-a
Since fis continuous, we can apply the
Intermediate Value Theorem and say that f
takes on every value between f(m) and

S(M). Since L ﬁf(.\')dx is between
b—ua
f(m) and f(M), there cxists a ¢ in [a.b]

|
such that f(c) = P Ef(x)dt .

Letcbein [a.b]. Then G'(c)= f(c) by

the First Fundamental Theorem of
Calculus. Since G is differentiable at ¢,
G is continuous there. Now suppose
c¢=a. Then

lim G(x) = lim rf(t)dt . Since fis
x—=c x—a 4

continuous on [a,b] . there exist (by the
Min-Max Existence Theorem) m and M
such that f(m) < f(x)< f(M) forallxin

[a.b]. Then

L‘f(m)d: sEf(r)dt < L‘f(M)d:

(x=a)f(m)<G(x)<(x—a)f(A)
By the Squeeze Theorem
lim (x—a)f(m) < lim+ G(x)
+

X—a X—a
< lim (x-a)f(M)
Thus '
lim G(x)=0= [ f(:)di = G(a)
x—)a+ a

Therefore G is right-continuous at x=a.
Now, suppose ¢ =b. Then

lim G(x)= lim j:’ fydi

x—=b~ x—b"
As before,
(b-x)f(m)£G(x)<(b-x)f(M)
so we can apply the Squeeze Theorem
again to obtain
lim (b-x)f(m)< lim G(x)

x=b" x-3b"
< lim (b-x)f(M)
x—b~
Thus
lim G(x)=0= f f()dt = G(b)
x—b”
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58.

59.

60.

Therefore, G is left-continuous at x=5.

b. Let F be any antiderivative of /. Note that

G is also an antiderivative of /. Thus,
F(x)=G(x)+C . We know from part (a)

that G(x) is continuous on [a,b]. Thus
F(x), being equal to G(x) plus a

constant, is also continuous on [a,b].

Let
x<0

x20

1,
f(x)={0’

and F(x)= fl f()dt. If x<0, then
F(x)=0. If x>0, then

F(x)= fl oY

= fIOdHEldz

=0+x=x
Thus,
x, x20
Fix) =
(x) {0, x<0

which is continuous everywhere even though
JS(x) is not continuous everywhere.

»
.

Between O and 3, f(x)>0. Thus,
ﬁ f(x)ds>0.

b. Since fis an antiderivative of f ',

[ 7 @de= 13- £(0)
=0-2=-2<0

[/ @de=r3)- 110
=-1-0=-1<0

d [/ @de= 13- 110)

= 0 - (negative number)>0
Since fis concave down at 0, f"(0)<0.

o

a. On[0,4], f(x)>0. Thus,

[;f(x)dno.

b. Since fis an antiderivative of f',

Instructor’'s Resource Manual

61.

62.

63.

[ f@adc=r4)-70)
=1-2=-1<0

e [rwd=r@-ro

1 9
=——(-2)==>0
7~ D=,

d. [ /@dc= 114170

= (positive) - (negative) > 0

Let y=G(x) = L" f(t)dr . Then

%’ = G'(x) = /(%)

dy = f(x)dx

Let F be any antiderivative of f. Then
y=F(x)+C.When x=a,wemust have
y=0. Thus, C=-F(a)and y= F(x)- F(a).
Now choose x = b to obtain

[rwd=y=F@)-F

a. A rectangle with height 30 and width 24 has
approximately the same area as that under
the curve. Thus,

24
1 T(t)dr =30
24-0

b. Yes. The Mean Value Theorem for
Integrals guarantees the existence of a ¢
such that

1 24
oy L T(t)dt =T(c)

The figure indicates that there are actually
two such values of ¢, roughly, ¢ =11 and
c=16.

A rectangle with height 25 and width 7 has
approximately the same area as that under the
curve. Thus

1 7
7];) H(t)dt =25
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5.8 Concepts Review
% [
2. 0,2 f(x)dx
3. [+
4. f(x+p)=f(x); period

Problem Set 5.8

1. u=3x+2 a'u—3dx

I\/— —du= 3/2+C

(3x+2)3/2+C

2. u=2x-4,du=2dx

[u'? La 34 0 3ex-0*34c
2 8 8

3, u=6x-7du=6dx

J' 1/8 ldu 278 4
27

4, x=5u-mn.dx=>5du

J'le/s Ly o8 298
5 145

=8 (su-m®ic
145

5. u=3x+2,du=3dx

J'cos(u)'—l-du = lsinu +C= lsin(3x+ 2)+C
3 3 3

6. u=2x-4, du=2dx

Isinu-ldu = ——1-c05u+C
2
= —%cos(Zx—4)+C

7. u=6x-7,du=6dx

Isinu -ldu = -lcosu +C
6 6

= --é—cos(6x-—7)+ C

252 Section 5.8

=%(6x—7)9/8+c

10.

11.

12.

13.

14.

15,

16.

u=1tv—\/7. du= mdv

cosu-ldu =lsinu+C=lsin(m;_\ﬁ)+C
n T T

”
u=x"+4,du=2xdx

J\/;-%du =%u3/2 +C=%(x2 +a¥24C

u=x>+5.du =3x dx

9 ldu =Lu]0 +C=—]-(x3 +5)10 +C
3 30 30

u=x2+3,du=2xdx

7 _
J'u-1217 ~ldu =——u34cC
2 10

—- L2374
10

u= \/ivz +m,du= 2\/§vdv
ul’® L du L £y

23 1583
15/8
(ﬁvzﬂr) e

B

S

15

u=x%+4 du=2xdx

Isin(u)-ldu =—lcosu+C
2 2

= ——;-cos(x2 +4)+C

u=x3+5,du=3x2dr

Icosu -ldu = lsinu +C= lsin(x3 +5)+C
3 3 3

y=6x3—7,du=18x2dx

Isinz:-—Ldu = —Lcosu +C
18 18

! 3
=——cos(6x’ -7+ C
3 ( )

u=m —sﬁ.du =5mitdv

J'coswldu =Lsinu+C
S Sn

=5—sm(m —\/—)+C

b
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17.

18.

19.

20.

21.

22,

23.

24.

_ X

u= x2+4,du=
Vx?+4

Isinudu =—cosu+C= —cosx/:c2 +4+C

u =\/3 zz+3,du =—2:—7dz
3(3 22 +3)

Icosu-%du =%sinu+C= %sin\/3 224+3+C

dx

u=(x3+5)9.

du = 9(x> +5)%(3x%)dx = 27x% (x* +5)% dx

Icosu-idu=Lsinu+C
7 27

_ . 3 9]

_—275111[()( +5° |+C

u=(1x"+n)°, du=441x5(7x" + m)B dx

J'sinu--l—du = —Lcosu+C
441

= —Lcos(bc7 + 1t)9 +C
41

u= sin()c2 +4),du=2x cos(x2 +4)dx

J'\/;'%du =%u3/2 +C

- %[sin(xz + 4)]3/2 +C

u= cos(3x7 +9)

du = -21x%sin(3x’ +9)dx

I%-(—%)da = —Lu'”3 +C

28

1 7 4/3
= ——[cos(3x + 9)] +C
28

u = cos(x> +5), du = —3x* sin(x” +5)dx
Iug -(—l)du = —Lulo +C
3 30

= -—Lc:oslo(x3 +5)+C
30

u=tan(x"> +1)

du =-3x74 secz(x‘3 +1)dx

Instructor's Resource Manuai

25,

26.

27.

28.

29.

30.

31.

32.

33.

I%-(—%)du = —iué/5 +C

18
6/5
= —%[tan(x'3 + l)] +C

I(x + l)sec”2 (x2 +2x) tan(.r2 +2x)dx

sin(x2 +2x)

dx
2 2
cos3'“(x‘ +2x)

= j(.r+ 1)
u=cos(x” +2x). du = —(2x+2)sin(x? + 2x)dx
Ju—S/Z -—ldu =uV2ic

2

1

2 2
=———+C=scc”'(x“+2x)+C
12, 2
cos ' “(x” +2x)

1
u=x+4,du=—=dx
2Wx

3
112-2du=§u3+C=%(\/;+4) +C

u=3x+1,du=3dx

3
lfu:’du = i-u4 =(ﬁ_L]=§
3 12 1 3 12 4
u=2+1du=2dt

lf IT 327 1 26
- du=— =—(27-1)=
5 \/; u 3[14 ]l 3( )

u=1*+9 du=2tdt

1[;3 i i1 1(1 1) 2
— —du=——|— = ——= =—
25 2 2lu)y 2013 9) 117
u=9—x2,du=—2xdx

—% E\/;du = —%[uyz]: =—§(8-27)= L

u=x>+4x+1,du=(2x+4)dx
6

lfu_zdu:—l[_]_] =__1_(]__1)=i
2 2luj,  2\6 12
u=9-x.du=-3x*dx

!
Y O R (AT
3 3 3 3 9

u=sinf.du=cosfdo

172 a2 I ]
L Wdu= L =—-0=—
4 A 64 64
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34.

35,

36.

37.

38.

39.

40.

41.

254

u=cosO, du=-sinfdf

372 V32
_J:/'/v u’3du=l[u‘2] =1(i_1 _1
2 1 213 6

u=3x-3,du=3dx
| I.. 10 ] .
3 f3 cosu du —g[smu]_3 = 5(0 —sin(-3))

sin3

3

u = 2nx, du = 2mdx
—f sinudu = ——[cosu]o ——( 1-1)

u =m‘2‘du=2md‘c

1 . 1 T |
— sinudu=——>/|cosu|, =——(-1-1
2n L" Zn[ ]° 27t( )

1

n

u= ?.xs, du = 10x*dx
| 2n 1. 20
— cosudu =—|sint
gk cosudu=yglsinad,

= % (sin(2n5) -0)= l—lo-sin(2n5)

u=2x,du=2dx
1 /2 1 12 .
EE cosudu+-f sinudu

n/2
0

——[COS ]ﬂ/Z

= 2lsinu]
1
_5(1-0)-5(0-1)_1

u=23x,du=3dx,v=>5x,dv=>5dx

1 3n/2

- cosudu+— L sinvdy
3 Lans2 5n/2

_ l[ . 13a/2 -—[co v]Snl2

= US| 37y T51OO Va2

1 1 2
—5[(—1)'1]—5[0—0]——3

u=cosx.du=-sinxdx

—J;O sinudu = [cosu]? =l-cosl

Section 5.8

42,

43.

44.

45.

46.

47.

48.

49.

50.

u=nsin8,du=ncosfdb
4

] I, 1n
-T du==~ =0
|, cosudu n[smu]_

u= cos(xz), du= —2xsin(x2 )dx

4 cosl 4
ljlcosl 3 1| u cos'] 1
-— wdu=——|— =- +—
2 2] 4 ' 8 8

_l—cos4l
8

u= sin(Jc3 ), du= 3x? cos(x3 )dx

_sin(n> /8) 9

.3 ﬁ
fm(n 18) 2 l[uB:lsin(n3/8) 2sin (8)

sm(n /8) 9 =

u=\/;+l,du=-l—dt

24t

ZLu 3du = [ _2]2 356

u=1+—,du=—idt
t ;2
3/2 3/2
—_[2 2du=——l—[u3] L
3 2 24
fn (sinx+cosx)dx = fnsmxdx+2_[;'cosxdx
=0+2[sinx]j =0
1 3
L———dx 0, since
ba+x?)*
(x ___°
(+(0H* sy
/2 1
f Sin ¥ dx =0, since
n/2 14+cosx
sin(-x) sinx
1+ cos(—x) 1+cosx

‘[63: x? cos(Jc3 ydx=2 E/gxxz COS(I3 Ydx
= %[sin(x3 )]f’r = %sin (3\/5 n3)
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51,

52.

53.

54.

55.

56.

57.

58.

fx (sinx+cosx)2dx
= fﬂ (sin2 X +2sinxcosx +cos’ x)dx
= fﬂ(]+2smxcosx)dx= fndx+ fnsm 2xdx

= 2£’dx+o=2[xjg =

.E:/zz zsin?(z%)cos(z*)dz = 0, since
(~2)sin®[(-2) Jeos[(-2)*]

=—z sinz(—z3)COS(—33)

= —z[-sin(2’)}? cos(z*)

= —zsin?(z°)cos(z®)

! (l+x+x2 +x3)d.x
1

= £| dx + I_ll xdx+ L xldx+ fl xdx

1

3
=2[x]; +0+2[%] +0=§

0

100 . .
I—IOO (v+smv+vcosv+sm3 v)sdv=0

since (—v+sin(-v)-vcos(-v)+ sin’ (—v))s
=(-v-sinv- veosv—sin’ v)5

=—(v+sinv+ veosv+sin® v)5

Ex (|x3|+x3)dx=2[; |x3|dx+ L dx

[ (s x+|af s x)a =0

since |-x| sin’ (-x) +- xlz tan(—x)

= —|x|sin5 x—lxl2 tan x

[: S(x)dx = E f(x)dx when fis even.
[ s@dc=-[ f()ds whenis odd.

u=-xdu=-dx
_L”: f(u)du = I__:f(u)du = [:f(X)dx

since the variable used in the integration is not
important.
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59,

60.

61.

62.

63.

64.

_[:n |cos x}dx = E |cosx|dx + ﬁn |cos x| dx
+E: |cos x| dx + J:: |cos x| dx

= E |cos x| dx + E |cosx|dx+ _[: |cos x| dx
+H |cos x| dx

=4£‘|cosx|dx=8£l/2 |cos x| dx

n/2

=8[sinx],

Since sin x is periodic with period 27 , sin 2x is
periodic with period 7.

Enlsin 2x|dx
. 27, 3n, .
= E‘Is:n2x|dx+ L |sin 2x|dx+ Iz:: |sin 2x|dx
+ [ Jsin 24]dx
T
= 4£‘|sin 2x|dx = SEIZSinZXd.t

i /2
=8[——c052x] =4(-1-1)=8
2 0

f” |sinx|dx= K |sin x| dx = K sinxdx
=[—cosx]:)t =2

2_.

-2F
[ |sin2xldx = [ |sin2x]ax

n/2

=—[—c052x] =1
= [*roya =[:70t—%cos|:l(l—9)]:|m
12 m 12 5
=70(18-6)—9—6(cos3—"-cos3]

4 4
=840+ ﬂ——.vssn

a. Written response.
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b. A= E g(x)dx = E %f(%x)dx ¢ 2n= Encoszxdx+ ﬁnsinz xdx

2 _ 2n 2 27 2
=££f(x)£d.r=a—2£f(x)dx —2_[) cos” xdx, thus L cos” xdx
c c Il

27 . 2
b (c =_[) sin“xdx=mn
B= [ hwyde= [} 2 7| Sx|ax
[ rxyax= 2 f( bx)
67. a. Even
N
= [ 2f02ac == [ f(x)dx
c c c b. 2n
Thus, E g(x)dx+ I)b h(x)dx c. Interval Value of Integral
P
= J: f(x)dx+ gfmdx [0’ 5] 046
_d +b _rr
Ef( x)dx = [;f(x)dx since [ 2’2] 0.92
2 3n
a® +b% =¢? from the triangle. 0,7 —-0.46
65. y'=-k’sinks [__3£ 3_n] —0.92
272 '
At x= -zik, y'= -k% . The equation of the tangent [0’ 2n] 0
hneatx-z—T;c-ls y—-kz[x—z—T;] [%,1—385] 0
When x=0.y=X". f,ﬁ] ~0.44
2 6 3
_1fn\(kn 12k 13 107
1) 6 S [T o
2 2
= n——[sin la]nlzk LI
4 -rl2k 4
68. a. QOdd
66. 8. [ (sin’x+cos?ydr= [ dx=[xf" = b, 2
27
c. Interval Value of Integral
b, y n
2 [0, -—:l 0.69
2
WA S
22
-2n 2nX
i [o, 3—“] 0.69
» 2
3n 3n
=2 - [—?, 7] 0
» [0,27] 0

- B e
AA‘ML. [E,ﬁ] 1.06

-2n 2n¥ 6 3

i Br Bn 1.06
6 3

69. Using a right-Riemann sum,
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70.

Distance = LN v(t)dt

8
= Zv(l,-)AI

i=1
=(31+54+53+52+35+3l+28)—6?—’6

= 8—53 =14.2 miles
60

Using a right-Riemann sum,

Water Usage = Ezo F@)d:

10
= ZF([,)AI

i=]

5.9 Chapter Review

Concepts Test

1. True: Theorem 5.1.C

2. True: Obtained by integrating both sides of
the Product Rule

3. True: (-sin x)2 =sin? x=1-cos® x

4. True: Theorem 5.6A

5. True:  If F(x)= [f(x)dx, f(x) isa
derivative of F(x).

6. False:  f(x)=x*+2x+] and
g(x)= x2+7x-5 area
counterexample.

7. False: The two sides will in general differ by
a constant term.

8. True: At any given height, speed on the
downward trip is the negative of
speed on the upward.

9. True: a +ag+ay+a;+ay+a

+ta, +a,_»+a,+a,
=ag+2a;+2ay +-++2a, +a,
100 100 100
10. True: Y @i-n=23i->1
i=1 i=l =l
= M;OO_*'Q_ 100 =10, 000
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71,

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

=(71+68+78+105+111+108
+144 +160+152 +148)12
=1145-12=13,740 gallons

If fis odd, then f(-x) = —f(x) and we can write
£ reac=[ [-reole

=fﬂmm

=-[ fuau

=-[ J(x)ax

On the second line, we have made the
substitution u=-x.

10 10 10 100

True:  D.(g+1)7 =) al+2> g+ 1
i=l i=l i=1 i=l
=100+ 2(20)+ 10= 150

False: fmust also be continuous except at a
finite number of points on [a, b).

True: The area of a vertical line segment is 0.

False: J“_lxdx is a counterexample.

True: Lf (x)]2 20,andif [f ()c)]2 is greater
than 0 on [a. b). the integral will be
also.

False: D, [j: f(z)dz] = f(x)

True: sinx+cosx has period 27, so

2s
K+ 1(sinx+cos x)dx
is independent of x.
True: lim kf(x) =k lim f(x) and
Xx—a X—a
lim [ f(x)+g(x)]
x—a
= lim f(x)+ lim g(x) when all the
X—a X=a
limits exist.

True: sin’> x is an odd function.

True: Theorem 5.7.A

False: The statement is not true if ¢ > d.
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22,

23.
24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35,

36.

37.

38.

39,

40.

258

False:

True:
True:

True:

False:

False:

False:

False:

False:

False:

True:

True:

False:

False:

False:

True:

False:

False:

True:

2
D, _[: I,dt = 2x2
1417 I+x

Both sides equal 4.
Both sides equal 4.

The derivatives of even functions are
odd.

2 .
f(x) =x" is a counterexample.
x) = x2 is a counterexample.
p
f(x)= %% isa counterexample.

f(x)=x2,v(x)=2x+ lisa
counterexample,

x) = x° is a counterexample.
p

f(x)= Jx isa counterexample.

All rectangles have height 4,
regardiess of ;.

F(b)- F(a) = j:’ F'(x)dx

= j:’ G'(x)dx = G(b) - G(a)

fa f(x)dx= 2_[: f(x)dx because f

is even.

()= ?isa counterexample,

[ r@ydx = F(b)- F(0)

Odd-exponent terms cancel
themselves out over the interval, since
they are odd.

a=0,b=1fix)=-1,g(x)=0isa
counterexample.

a=0,b=1fx)=-1,g(x)=0isa
counterexample.

|ay +a; + a3+ +a,|
<|a|+|ay|+|as|+--+|a,| because
any negative values of a; make the
left side smaller than the right side.

Section 5.9

41. True: See Problem 28 of Section 5.7.

42. True: Definition of Definite Integral

43, True: Definition of Definite Integral

Sample Test Problems

1
1. lx4 —x3+2x3/2:| =£
4 4

2. sz -3x-l+C
3 X

0

3. -l—y3 +9cosy-£§+C
3 y

4. %(y2—4)3/2+C

!
4

-%(222—3)4/3+C

=%(2z2 -3*3 4

x/2
6. |i—lcos5 x] = !
5 5

0

7. u= tan(3.1:2 +6x),

du = (6x +6)sec® (3x° +6x)

1 _[uzdu =iu3 +C
6 18

%[tan3(3x2+6x)] —%lan3(3n2)

7T
o 1

8. u=r"+9,du=4rds
25 25
l.[) w24, =l[u1/2] =1
4 2 9

2

9. l[3(15 +5)5’3]
515 !

1

10, ~————
37 -3y

+C

=46.9

11, u=2y+3y? +6y,du=(6y> +6y+6)dy

1 ju’”sdu = =N

6 24

12. [dy= [sinxdx
y=-cosx+C
y=-—cosx+3

(2y° +3y* +6y)*3 +C
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1
13. |dy= dx
Iy IJJ:+1
y=20x+1+C
y=2Jx+1+14

14, |sinydy= Idx
—cosy=x+C
x=-]-cosy

15. [dy=[V2r-1dr

y=%(21—1)3/2+C

y=%(21—l)3/2 -1

16 [ty = [

—3y3 =—+C
i r2
3y3 3 3
1
y=3—3
2-1

17. jzydy= j(ax-x3)dx
y2 =3x2—%x4+C

y2 =3x? —%x" +9

1 4
=[3x2-=x*+9
Y=y

18. Icosydy = dex

2
X

siny=—+C
=3

2
y= sin~! (x_]
2

19. Onxy=2, & = ——2—, 50 the curve has slope
de 42

dy _x*
de 2

fay= J’édx

1 3
=—x"+C
Y%

Instructor's Resource Manual

__1.=_i+c
3 3
y—lx3+l
20, a=15vi+8=2"
dt

= j(lsJ?+8)dz =102 +81+vy
y=102 +81-6=%
dt
x= -[(1013/2 +8-6)dt =4r'2 +41* 6t +xq

x=415/2 +4r2 —61—44
When (=4 sec, x = 124 ft.

21, s=-16t2+48/+448; s=0at¢=7;
whent=7.v=-32(7)+48=-176 fus

22. 45 miles per hour = 66 feet per second;
60 miles per hour = 88 feet per second.

a= 88-66 _ 2.2 fi/s2.

10

23.

sk

T AU

25. ﬁ(Z—Jx_H-)de
= E(x+5—4ﬁ)dx

1 8 ’
= —)c2+5x——(x+1)3’2 =
2 3

3
o 6

5
26. —1—f3x2\/x3-4dx=l[3(x3-4)3’2]
52 313 X

=294

4
27. j:(s—lz)dx: [5x+l] - 34_9
X

X 2
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28. i(3"-3"“) b. ff(x)dx=—£f(x)dx=—4
i=1

=3-D+(3*-3)+(3 -3%)+--+(3" -3""}) N Lz 3f(u)du=3[)2f(u)du=3(2)=6
=3"-1

2
10 10 10 d. 2o(x)—3 i
29. 2(61'2—81'):621‘2_82,' L [2g(x)-3/(x)]
i=l i=1 i=1 =2L2 g(x)—3‘[)z f(X)dt

10(11)(21 10(11
=6[ (6)( )]—8[ (2)]=187O - 2(3)-3(2) =12
2 2
30. a. l+l+l=E & L_ S(=x)dx = I) f(x)dx=2
2 3 4 12
34. a. y
b. 1+0+(=1)+(-2)+(-3)+(4)=-9 at
c. I+£+0—£-1=0
2 2
78
31. a. Z‘i;
0 4 x
b Y Cle-tlde =200+ =S
. n=l1 —2 2 =
32. Y b. y
o aF .
16 fm— B
12 n=3
N = [ @)
8—
4- = H
) 1 1l
o 1+ 2 3 4 5% T L o
A= lim 3 [16-(2)2](2) E[Ix]]dx=l+2+3=6
n—wa.:] n n
= lim { S [:‘E_Eiz]} e [G-[xPpdr=[xdc-[[x]ax
n-—»m i=l n n3 [] 2]4
n n —x*| -6=8-6=2
= lim {4—821-%}:3} 2" 1
intad ORI (s . )
- lim {48_2_Z[n(n+1§2n+l)]} 35, a. I-z f(x)dx=2L F(x)dx=2(~4)=-8
n—x n
2 2
= lim {48-3[z+3+i]} b [ 1fldr=2[ | (ldx=2-4=8
n—o® 2 n 2
=48-9=139

. fz g(x)dx =0

B.oa [ f@de= [ fde+ { fooa
—4+2=22
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d. [ [f)+ f-n)de

=2L2 f(x)dx+zﬁf(x)dx
= 4(4) =—16

€. Lz [2g(x)+3f(x)]dx

- 21)2 g(x)dx+3ﬁ f(x)dx
=2(5) + 3(4) =2

t [, emar= fet-n)-dc= [emar
= [ g(dx==s

36. ﬂ?go (x +sin’ x)dx =0

37. L’ 3x2dx = 3c3(~1+4)

-1
[x3] =9c2
4

=17
c=-J7=-2.65

38. a. G'(x)= 5
x°+1

2x

x*+1

b. G'(x)=

3x2_ 1

6 2

¢. G'(x)= —_
x +1 x*+1

5.10 Additional Problem Set

1. Recall that by implicitly differentiating the

2

equation of the circle x% + y2 =r°, we get

& =-x Thus, the solution must be a graph of

.y
a circle. Since the point (0, 1) must lie on the
graph, the answer is Figure 1.

2. a. 0

s(r)

lll'llllll%

T T T I I
107
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39.

40.

41.

a. G'(x)=sin’x

b. G'(x)=f(x+)-f(x)

) = - [F (s gzl
¢ G(¥= szf(4)¢+xf(x)

d. G(x)= E f(ydr

e. G(= OB g g

= g(g(x)) - g(0)
G'(x)=g'(g(x)g'(x)

£ G = [ fi-ndi= [ fuX-du)
=- f@wadu
G'(x) = —f(x)

N

N

2x ]

S 5
f(x)= xldt: Lxldz- dt
x t t t

1 1
") =—-5——-2=0
J'® 5x 2x

y
2

o

| dld L | 1 a1 2
0 - oot

f— Om———)
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bt e 30|88+73+ M7 144483 190,103
- 2 2 2 2
B 1) = 9690 feet
B d. Part a. uses the largest value of each pair and
- b. uses the smallest. Part c. averages each
Y AT pair, so the total value is the average of a.
o[ 10 1 and b.
-2
- 1
The graph of a(¢) is the same as in part a. 4. Recall that f = b—a E S(x)dx.
o gy ﬁfm:fﬁm:Lfﬂxw-fax
2F b-a
B 1
o = [ fwax-6-0)= [ rmas
B 5.8 u+vs= j:’ udx+ j:vdx
[ b-a -a
-8: = E(u+v)dx=u+v
b-a
The graph of a(¢) is the same as in part a.
S 1
a. 30[88+80+66+51+37+26+14+5) b ki =o— “d’=b_af"“d"=’“‘
= 11,010 feet
b. 30[80+66+ 51 +37+26+ 14+5+0] c. u= ! fudrs l ﬁvdx:?
= 8370 feet b-a b-a
-$/1207+1
1120 - 20w+1 - .
a. [P ar= [P sin20m + gy ar =[-LVcos(120m+¢)] =0
#/120m #/120m 1207
-¢/120r
-¢/120n+1/120 y 5
/1207417120 - -
b. + #/120m41 Vsin(120m +¢)dr = 120[—LVcos(l2Ont +¢)] = —K(—l -= L4
m ¢/120x 120% —¢/120% T 19

P+1

e V. .= \[ _C‘”Vz sin2(120ms + §)dr = Jlﬂ [—ﬁsin(lZOﬂH':ﬁ)cos(lZOm +¢)+%r]

vl 1
240

¢

sin(120n¢ + 1207 + @) cos(120ng + 120n + ¢) + l¢ + ! - [— sin(120n¢ + #) cos(120n¢ + @) + l¢]
n 2 2 240 2

us
A
2 2
0. 120-22
2

V =12042 169.71 Volts
a. Local minimaat0, =3.8, =5.8, =7.9, =9.9, b. Absolute minimum at 0, absolute maximum

~10: at =9

local maxima at =3.1, =5, =7.1, =9
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o
.

=(0.7, 1.5), (2.5, 3.5), (4.5, 5.5), (6.5, 7.5),

(8.5,9.5)

d. 15
10

s /\/\

N

2 4 3 8 10
-5
-10
-15

8. a. Localminimaat0, =1.8, 3.8, =5.8,
~7.8;
local maxima at =1, =3.1, 5.2, =7.3

b. Absolute minimum at 0, absolute maximum
at 10

c. (0.5, 1.5),(2.5,3.5), (4.5.55),(6.5,7.5),
(8.5, 9.5)

d. y
15f

—

0 10%

~-10F

3
9. a. f(x)>0 so jf(x)dx>o
—1 '
3
b. If'(x)dx=f(3)—f(—1)=l-2=—1<0
-1
3
c Jf“(x)a'x=f'(3)—f‘(l)=—]-—l=—2<0
-1

3
d.  [frxde=£@)-10
-1

= positive — negative > 0
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