~

53. (a) Area of the trapezoid = %(2h)(y, +¥3)=h(y,+y3)

Area of the rectangle = (2h)y, = 2hy,
h(y, +y,)+ 2(2hy,)=h(y, +4y, + ¥3)

() Leth=2-2.
2n

h
85, = g[y0 +4y, +2y, +4y, +2y,+ 42y, ,
+4Y1 + Y2,]
1
= g[h(yo +4y,+y,)th(y, +4yy +y, )+
+h(Y30 2 +4Y20 1+ Y2
Since each expression of the form
h(yy;_, +4¥y_,+¥,;) is equal to twice the area of the
ith of n rectangles plus the area of the ith of n
2«MRAM, +T,

trapezoids, §,, = 3

54.(a) g(1)= jl' F@ dt=0
3 1
® g®)= [ f) dr=-7 @D =-1

-1 1 1
© g-D=[ fOdi=-[ fO) dt=- 7’ =-x

(d) g’(x)= f(x), Since f(x)>0 for-3<x<1and
f(x)<0for 1< x <3, g(x) has a relative maximum at
x=1.
@© g'-H=f-n=2
The equation of the tangent line is
y=(-m)=2(x+)ory=2x+2-7

M g"(x)= f(x), f'(x)=0atx=-1 and f'(x) is not defined

at x = 2. The inflection points are at x = -1 and x = 2.
Note that g”(x) = f’(x) is undefined at x = 1 as well, but

since g”(x) = f’(x) is negative on both sides of x =1,
x=11is not an inflection point.

(g) Note that the absolute maximum is g(1) = 0 and the
absolute minimum is

_ -3 o 1 _ _l 2_
8-3)= [ f@ dr=—[ f@) dr=-2n(2 =-2m.
The range of g is [27,0].
55. (a) NINT(¢™* "2, x ,~10, 10) = 2.506628275
NINT(e "2, x, - 20, 20) = 2.506628275

(b) The area is «/2_1r
56. First estimate the surface area of the swamp.
-222[146 +2(122)+ 2(76) + 2(54) + 2(40) + 2(30)
+13]=8030 ft?
(5 (8030 ft2) 1y 1500 yd*
27 3
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57. (@) V2 =(v,, ) sin’(120 1)
Using NINT:
1,1 2 .
(V") =1 (Vaue)*sin® (120 7)

1, 1 (V 2
= (V) [ sin? (120 m1)dt = (V) 3= _m;x_)
2
Vrms = (Vm = .‘i‘_m‘_
. 2 Ji

(b) V,_,, =240v2 =~339.41 volts

58. (a) -‘-024 R(t)dt = (-‘21)(9.6+ 2(10.3+109+11.1

+10.9+10.5)+9.6) = 253.2,

which is the total number of gallons of water that
flowed through the pipe during the 24 hour period.

(b) Yes, because R(0) = R(24), the Mean Value Theorem
guarantees that there is a number ¢ between 0 and 24
such that R’(c)=0.

(©) Q) =0.01(950+25(4) — (4)*) =10.58 gal/hr

59. f'()=a(l)* +b()=-6
FU(x)=2ax+b
F)=2a(l)+b=6
2a+b=6 ‘
—(a+b=-6)
a=12 -
b=-18
f(x)=12x*-18x
f(x)-—-4.:c3-9x2 +c
[} roax =fl4x-9x? +edr=14
-3+ =14
c=20

f(x)=4x3-9x*+20
60. (a) g(4)=~;—(l G+D+2(1+(-1)=2
1 9
g(—2)—5(—3(3+0))--5

M) g()=f(2)=1

(c) The minimum value is g (-2)= --2-

(d) g has a point of inflection at x = 1. It is the only place
where the slope goes from positive to negative.
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Chapter 6
Differential Equations and
Mathematical Modeling

Section 6.1 Slope Fields and Euler's Method
(pp. 321-330)

Exploration 1 Seeing the Slopes
dy

1. Since o = 0 represents a line with a slope of 0, we should

expect to see intervals with no change in y. We see this at
odd multiples of 7 /2.
2. Since y is the dependent variable, I

t will have no effect on the value of % =COSX.

3. The graph of % will look the same at all values of y.

4. When x=0,%=cosx=1.'l‘hiscanbeseenonthegraph

near the origin. At that point, the change in y and change in
x are the same.

S5.When x=m, %:cosx:-l.This can be seen in the

graph at x = 7. At this point, the change in y is negative of
the change in x.

6. This is true because each point on the graph has a negative
of itself.

Quick Review 6.1

1. Yes. ie" =e*
dx
2. Yes. y—e"‘ =4e¥
dx
d 2 x x 2 x
3. No.— (x“e")=2xe* +x°¢
dx
4. Yes. ie": =2xe"
dx

d 2 2
5. No.—(e* +5)=2xe"
odx(e ) =2xe

d 1 1
6. Yes.—+/2x = ——2)=
dx 2\2x J2x
7. Yes. isecx =secxtanx
dx

8. No. ix" =—x2
dx

9. y=3x2+4x+C
2=3(1)2+4()+C
C=-5

10. y=2 sinx-3 cosx+C
4 =2 sin(0)-3 cos(0)+C
C=-7

11. y=e* +secx+C

5=e%? +sec(0)+C
c=3

12, y=tan'x+In@x-1)+C

m=tan"'(1)+InQ1)-1)+C

3n
C=—
4

Section 6.1 Exercises
1 [dy= [(5x* —sec x)dx
y=x’—tanx+C
2. J‘dy = J-(secxtanx—e")dx
y=secx—e*+C
3. [dy=[(sinx—e +8x)dx

y=—cosx+e X +2x*+C

a. jdy:j(%-x—lz)dum”%w

1
5. Idy=f(5"ln5+ 1

= )dx=5*+tan“x+c
X+

6. Idy=j'[ﬁ—71_;]dx=sin"x—2\/;+c
7. [dy= [ (Gt cos(®)dt =sin(®)+C
8. Idy= Icosted"'dt
=" 4.C
9. [dy=[(sec’(x*)5x*)dx
=tanx’ +C
10. [dy= [4(sinu)* cosudu
= (sinu)* +C
11. [dy= [3sinx dx=-3cosx+C
2=-3 cos(0)+C, C=5
y=-3 cosx+5
12. [dy=[2¢" —cosx dx = 2¢* ~sinx+C
3=2¢"-sin(0)+C, C=1
y=2¢* —sinx+1
13. jdu:j(?.»:6 -3x2+5)dx=x"-x*+5x+C

1=1"-1+5+C, C=—4

u=x—x*+5x-4



14. IdA:j(le9+5x4—2x+4)dx=xl°+x4—x2+4x+C

6=1""+1-12+4)+C, C=1
A=x0+xt—x? +4x+1

15. Idy= I(—x—lz—%+l2) de=x"+x+12x+¢

3=1"+13+120+C, C=-11
y=x"+x'3-_+-12x—11 (x>0).

16. Idy= I(Sseczx—%\/;) dx=5tanx—x¥? +¢

7=5tan(0)-(0)**+C, C=7
y=5tanx-x¥2+7

1 -1
17. Idy: j(-l-:-t;+ 2 ln2]dt =tan't+2'+C

3=tan"'(0)+2°+C, C=2
y=tan"'t+2'+C

Idx I(-——+6) di=Int+t'+6t+C

O=In()+17'+6(M+C, C=-7
x=lnt+t"+6t-7 >0

19, J'dv=j(4secr tant+e'+6t) dt=4sect+e' +32+C
5=4 sec(0)+e* +3(00*+C, C=

V=4 sect+e +32 ( % )

20. [ds=[13r-2) dt=r"-1*+C

0=1°-)%+C, C=0
s=-1*

dy d = [T i gs2
21. E'dxja f(z)d:_jl sin(#2)dt
y=[sin(?) dr+5

22. du dj f®dt= I 2+ cost dt

u= I;s/2+oost dr-3

23, Fl(x)= % I: f(t)dt= jz e~y

F(x)= j:e""’“dt+9

24. G'(s)= %j: f(®ydt= J‘;‘z/tam dt
G)= |, Yfrantdr+4

25. Graph (b).

(sn0)*=0
in1)2>0
@in(-1)%>0

26. Graph (c).

in0)’=0
in1)’>0
sin(-1)*<0

.27. Graph (a).

(c0s0)> >0
(cos1)’ >0
cos(-1)?>0

28. Graph (d).
(cos0)* >0
(cosl)3 >0
(cos(-2))° <0

29,

Section 6.1 269
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ST L A

37.

P
¢
™
W,

38.

39

Calalnt
1 4oec

Ax Ay=% (x + Ax, y + Ay)

0.1 0 (1.L,2)

0.1 0.01 (1.2,2.01)
(1.2,2.01) 0.2 0.1 0.02 (1.3,2.03)
y=2.03

42,
*x.y) %= -1} Ax Ay=%Ax (x+Ax, y + Ay)
1,3 20 0.1 0.2 (1.1,3.2)
132 22 0.1 0.22 (12,3.42)
1.2,
342) 242 | o1 0.242 (1.3,3.662)
y=3.662
43. d d
. @y | =y | ax [ay= Ac| Grany+ay
1,2 1.0 0.1 0.1 (11,2.1)
(1.1,2.1) 1.0 0.1 0.1 (12,2.2)
(1.2,2.2) 1.0 0.1 0.1 (13,2.3)
y=23
4.
d d
) | F=2-y | & | ay=Fax farany+ay
1,0) 20 0.1 0.2 (1.1,02)
(1.1,0.2) 20 0.1 0.2 (1.2,0.4)
(1.2,04) 20 0.1 0.2 (1.3,0.6)
y=0.6
45. dy ly
(x,y) $=2-x Ax | Ay=—7Ax | (x+Ax, y+Ay)
@n 0.0 -0.1 0.0 (1.9, 1)
19,1 0.1 0.1 -0.01 (1.8,0.99)
(1.8, 0.99) 02 -0.1 -0.02 (1.7,097)
46.
x,y) %=l+y Ax Ay=%Ax (x+ Ax, y + Ay)
2.0) L0 | -01 -0.1 (1.9,-0.1)
(1.9,-0.1) 0.9 -0.1 -0.09 (1.8,-0.19)
(1.8,-0.19)| 081 -0.1 | -0.081 (1.7,-0.271)
y=-0.271
47.
d
@y [Lex-y| ax Ay=ZFAx | (v +Ax,y+Ay)
2,2 -0.0 -0.1 0 (1.9,2.0)
(1.9,2) -01 | -01 0.01 (1.8,2.01)
(1.8,201) | -021 | -01 0.021 (1.7,2.031)
y=2.031
48.
@y | Zex-2| ar |ay=Rar|wrary+ay
@1 0.0 -0.1 0.0 (1.9, 1.0)
19,1 -0.1 -0.1 0.01 (1.8, 1.01)
(18,101) | -022 | -01 0.022 (1.7,1.032)

y=1.032

™

‘)



N 49. (a) Graph (b)
(b) The slope is always positive, so (a) and (c) can be ruled

out.
y
@ 3
1 x
-1 of 1
y
b
®) B
2
1 1
o1 o] 1 *
© A

I %1\;

-1 0 1
50. (a) Graph (b)

(b) The solution should have positive slope when x is
negative, zero slope when x is zero and negative slope

when x is positive since slope = % =-x.

Graphs (a) and (c) don’t show this slope pattern.

LD
0

(©)
51. There are positive slopes in the second quadrent of the
slope field. The graph of y = x2 has negative slopes in the
second quadrent.

§2. The slope of y = sin x would be +1 at the origin, while the
slope field shows a slope of zero at every point on the
y-axis.
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53. .
x,y) %=2x+l Ax Ay=%Ax (x+Ax, y + Ay)
(1,3 3.0 0.1 03 (1.1,33)
(1.1,3.3) 32 0.1 032 (1.2,3.62)
(1.2,3.62) 34 0.1 034 (1.3,3.96)
(1.3, 3.96) 36 0.1 0.36 (14,4.32)

y=432
Euler’s Method gives an estimate f(1.4) = 4.32.

The solution to the initial value problem is

()= x*+x + 1, from which we get f(1.4) =4.36. The
4.36-4.32

percentage error is thus 236 =0.9%.
5 x, %=2x—1 Ax Ay=%Ax (x+Ax, y +Ay)
2,3) 3.0 -0.1 -03 (19,2.7)
(19,2.7) 2.8 -0.1 -0.28 (1.8,2.42)
(1.8,242) 2.6 -0.1 -0.26 (1.7,2.16)
1.7,2.16) 24 -0.1 -0.24 (1.6,1.92)

y=192

Euler's Method gives an estimate f(1.6) = 1.92. The
solution to the initial value problem is f(x) = xX2-x+1,
from which we get f(1.6) = 1.96. The percentage error is

196-1.92 _

thus =2%.
1.96

55. Atevery (x, ), ( —e*2Y=e"*2)= —¢® = —1,50 the
slopes are negative reciprocals. The slope lines are
therefore perpendicular.

56. Since the slopes must be negative reciprocals, g(x) = —cos x.
57. The perpendicular slope field would be produced by

% =-sin x, so y =cos x + C for any constant C.

58. The perpendicular slope field would be produced by
% =-x, 50 y=0.5 x>+ C for any constant C.

59. True. They are all lines of the form y=5x+ C.

60, False. For example, f(x) = x2is a solution of % =2x,

but f~ Yx)= \/.; is not a solution of % =2y.

61.C.m=42-42=0

62.E.y<0, x* >0, therefore % <0.

63.B.y(0)=€" =1

dy 2

— =2xe* =2xy.
ax e T

64. A.
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dy 1
65. (a) Z=x—x—2
%dx: j (x—x"2) dx

2 2
x -1 x° 1
=—+x +C=—+—+C
YR =Ty

Initial condition: y(1) =2

2—£+1+C
52 1

2==+4C
2

—

N

2
Solution: y=%+i+-;»,x >0

2
®) Again, y=> +14c.
2 x
Initial condition: y(-1)=1

2
12607, 1
2 D
l=_—l+C
2

3

2
Soluﬁon:y=x?+%+%,x<0

dy df1 x*
y— = —| — —+C
(¢)Forx <0 (x+ ) l]

x
1

=x-—.
i)

dy _df1 x*
Forx>0,zy=z(;+7fcz]

=- — +x
And forx=0, % is undefined.

(d) Let C, be the value from part (b), and let C, be the value

from part (a). Thus, C, =% and C, ;%.

¥=2)=2

©) y2)=-1
1 22 C 1 (=22
-l=—+—+C. 2=—r+ +C
2 2 2 -2 2 !
-1=%+c2 2=%+c1
7 1
274 P

Thus, C,= % and C,= —%.

66. (a) i(111 Jr+C)=l forx>0
dx x

d Sl (1)t
®) [In (0)+C]=——~ ""[-x)‘ h=—
forx<0

() For x>0,In|x|+C =Inx+C, which is a solution to the
differential equation, as we showed in part (a). For
x<0,In|x|+C=In(-x)+C, which is a solution to the
differential equation, as we showed in part (b). Thus,

4 |x|= 1 forall x except 0.
dx x

(d) For x <0, we have y =1In (=) + C;, which is a solution
to the diferential equation, as we showed in part (a). For
x>0, we have y=Inx+ C,, which is a solution to the
differential equation, as we showed part (b). Thus,

L] = 1 for all x except 0.

dx x ,

67. (@) ¥ = [12x+4dx

Y =63t +4x+C,
y= J.6x2+4x+Cldx
y=2x3 +2,\:2+Clx+C2

() y'= je" +sinxdx
¥ =e" —cosx+C,
y=Ie‘—cosx+Cldx
y=¢e* =sinx+Cx+C,



-

68. (8) y' = [24x* - 10dx

y =8x>-10x+C
3=8(1)°-10()+C
Cc=5
y=[8x’-10x+5dx
y=2x*-5x2+5x+C

C5=20)* =52 +5()+C
C=3
y=2x*-5x2+5x+3

M y= j cosx ~sinxdx

y =sinx+cosx+C
2=sin0+cos0+C
C=1

y= jsinx+cosx+ldx

=—cosx+sinx+x+C

=-cos0+sin0+0+C
C=1
y=-cosx+sinx+x+1

) y= Ie" —xdx
2
y'=e"—x7+C
2
0=e°—%+c
i C=-1
2
y=_[e‘—x7—ldx
3
y=e’-%-x+C

3 .
1=e°-96--o+c
c=0

3
y=e"—-%—x

69.(a) y=x
2
x
= |xdx=—+C
y Jx 2

M) y=-x
.x2 C
=|-xdx=—-—+
y=]J-x 5

© Y=y
i(Ce’ )=Ce*
= =
y=Ce*
@ y'=-y
% (Ce™*)=-Ce™™*

—X

y=Ce
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© y=x
4 (Cex’/z)= Cxe™"?
dx 2
y=Ce.‘ 12

70.(a) y"=x
2
, x
y =dex=—2-+C|

2 3
X X
y=J’7+c,al,\c=?+c1;.c+c2

®) y'=-x
2
y'=J—xdx=—%+C|

2 3
p g X
y= J—7+Cldx=—?+qx+cz

(¢) y"=-sinx

Y= J'-sinxdx=cosx+Cl

y= jcosx+C,dx=sinx+C,x+C2
(d) yll= y

%(Cle" +Cye”™* ) =Ce" -Ce "=y

d - - _
E(Cle" -C,e ")-—- Ce*+Cre =y

y=Cie* +Cpe™*
(€ y'=-y
;;(Clsinx +C,cosx)=C,cosx—C,sinx=y
%(c, cosx—-C, siux) =-C;sinx—C,cosx
y=C;sinx+C,cosx
Section 6.2 Antidifferentiation by
Substitution (pp. 331-340)
Exploration 1 Are | f(u) duand [ f(u) dx the
Same Thing?
L [fe)du=[udu
u4
= T +C

S W _G) 2
"4 4 4

3 fw=u’=(x**=x*
J- xBdx = i
7

4. No
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Quick Review 6.2 dt 2
1 4, | —=tan" t+C

2 1 472 1 32 2

L J'ox“dx=gx5]o=§(2)5—3-(0)5=? o

s ; 5 5. J(3x4—2x'3+sec2x)dx=§-x5+x'2+tanx+c
2, jl Jx-1 dx:jl (x—l)"zdx=§(x—1)y2]:

=292 _2 o2 6-J(Ze’+secxtanx—\/;)dx=2ex+secx_§xm+c
—3(4) 3(0)

2

—2(8)--1-6— 7. (—cotu+C)! = —(—csc2u)=csc’u
3 3 8. (—csc u+C)' =—(—csc u cot u) = csc u cot u
3. %:3‘ i U
9. (5e2‘+c) =-2—ezx(2)=e2"
dy
4 —=3"
dx

1
1 1
10. (—5* +c) =— 5W5)=5
5. %:4(x3—2x2+3)3(3x2—4x) In5 In3

: 1
11.¢tan'u+C)' =
6. %:2 sin (4x—5) cos dx—5)+4 tan™"u+C) 1+4?

=8 sin (4x-15) cos @x-5) 1
Vi-u?

12. (sin v+ C)' =

dy .
7. E-_-cosx e—sinx=-—tanx ) )
13. [ fu) du=[Ju du=§u3’2 +C=§x3/2 +C
dy 1
8 —=— =cot
dx sing  orTOOLx If(u)dx:IJ;dx=j\/x—2dx=dex=%x2+C
9 ﬂ=;o(set:xtan.wr+sec2x) 2 1 5 1 s
*dr secx+tanx 14. If(u)du:ju du=§u +C=5x +C
2
_ secx tan x+sec’ x If(u)dx:juzdx=_[x‘°dx=lx"+c
sec x+tan x 11
_ sec x(tan x +sec x) 15. [f@) du=[e" du=e"+C=€"+C
sec x+tan x 1
=sec x If(u) du=Ie“dx=Ie7"dx=§e7‘+C
10. ﬂ=;(—csc.xcot4\:—csc2 x) 16. jf(u)du:jsinu du=-cosu+C=-cosd4x+C
dx cscx+cotx
_ csc x cot x+csc x If(u)dx:jsinudx=‘[sin4xdx=—%cos4x+c
- csc x+cot x
17. u=3x
csc x(cot x +csc x) du=3dx
cscx+cot x ) 1
=-CsCX 5du=dx
Section 6.2 Exercises

R ) s Jsin 3x dx=%jsinu du
1. J(cos.x—3x Ydx=sinx-x"+C

--lcosu+C
2. Ix'zdx=—x" +C 3

1
3 =-—c0s3x+C
3. J’(,Z_lz) dt=%+t"+C 4 13 .
! Check: Z(—Scos 3x+ C) = 5(— sin 3x)(3) =sin 3x



~

N

18. u=2x*
du=4xdx

xdx:ldu
4
2 1
_[xcos(2x )dx=—jcosu du
4
1.
=—sinu+C
4
1. 2
=Zsm(2x )+C

Check: i—(%sﬁn(uz) + c) = %cos(sz)(/#x) = xcos(2x?)

19. u=2x
du=2dx

ldu=dx
2

Isechtaan a:%jsecu tanu du

1
== +C
2secu
——l-sec2x+C
2
df1 1
Check: —| —sec2x+C |=—sec2xtan2x +2=sec2x tan2x
dx\2 2
20, u=7x-2
du="7dx
%du=dx

j28(7x-2)3dx = %J28u3du =t +C=(1x-2)*+C
. d 4 ~ 3 3
Check: -a-[(7x -2+ c] =4(1x-2)3(T) = 28(1x-2)

21, u=

W=

1

du=1ax
“=3

3du=dx

dx 3du
'[x2+9-j9u2+9
=§I du

9742 4+1
1
3

_ du
- '[u2+l

1. .
=—tan"'u+C
3 u

22. u=1-r

du=-3rdr

-%du =ridr

or%dr o _1)rdu
I\_Jl—r3 _9( 3)'[7:
= —3Ju""2du
=-3u'*+C

=~6V1-r* +C

_ 9r?
1-r°
23 u-l—cos-r—
2
1.
du=—sin—dt
2 2

t
2 du=sin_dt
u Sll‘l2

Check: %(-6\/1—# +C)=—6[ L

Section 6.2

271

Wi1-7

2
t N 2
J‘(l—cosi) sm-z-dt—2ju du

=§u3+C

2
3

£

)(-3#)

3
1—cos-‘-) +C

2

3
Check: _jd_ E l—cos1 +C
dx| 3 2

YA
=2] l-cos—| | sin= | =
( 2) ( 2)(2

= l-cosi 2sini
- 2 2

. u=yt+4y’ 41

du= (4y3 +8y) dy
du=4(y+2y) dy

1
zdu=(y3+2y)dy \

)
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24. Continued 1 30, I‘.’g(sinx).z dx
[80* +4y? +.1)’(y’+2y)dy=8[z) Judu u=sinx
du=cosx dx
-2u3+C du
=3 s _
2 4 2 3 Cos X
=§(y +4y°+1)°+C I3u“zdx
Check: i[g(y4+4y2+1)3+c] =-3cotx+C
dx|3 31 Letu=3z+4
=2(y* +4y* +1)*(4y° +8y) du=3dz
=8(y* +4y* +12(5° +2y) %du=dz
25. Letu=1-x ]
du=—dx joos(3z+4)dz=§joosudu
J_‘i"___ du 1
a-x% ==sinu+C
1 3
=u +C 1
=l_1_+c =3SGz+4)+C
-X
32. Letu=cotx
26.Letu=x+2 du=—-csc?x dx
du=dx J‘s/cotxcsczx dx=—ju"zdu
jsecz(x+2) dx=Isec2u du
_ 23
=tanu+C =—3% +C
=tan(x+2)+C 2
27.Letu=tanx =-§(ootx)3'2+C
du=sec?x dx 33 Letu=In
J‘Jtanxseczx dx=ju"2du : u—l *
du=—dx
=§u3’2+C x
1116
=—'§-(tanx)3l2+c ijdx=ju6du
n 14
=0+ ==u'+C
28. Letu 6+2 7"
n T 7
Isec 0+E tan 0+5 d6=jsec utanu du ‘
= seou+C 34.Letu=tan>
T
=SCC(9+E)+C du=%sec2%
29, [tan(4x+2) dx fran? Zsec? £ ge =2[uldu
u=4x+2 22
du=4 dx =2~%us+C
1
—du=dx
i =LiantZec
1 .4 2
—Itanu du
4 . 35.Letu=s**—-8
=—Z]nlcos(4x+ 2)|+C or du=%s"3ds
lln|sec(4x+2)|+C 3
4 2 du=s"Vds

4



~

35. Continued
Js"’ cos(s‘"3 -8)ds= % _[ cos u du

=§—sinu+C
4

= %sin(sm -8)+C

dx 2
36. = |csc“3x dx
'[sinZSx I
Letu=3x
du=3dx

-l-du=dx
3
Icsc23x dx= %Icsczu du
= —lcotu+C
3

= -%cot(3x)+C

37. Letu=cos(2t+1)
du =—sin(2t +1)(2)dt

-%du =sin(2t+1)dt

sin(2¢+1) 1p
——~ dt=——|u"du
I cos?(2t+1) 2I

1
=—u"+C
2u
1
=—
2cos(2t+1)
=%mdm+n+c
38. Let u=2+sint
du=cost dt
j———6°‘_’s‘ sdt=6[udu
(2+sin?)
=-6u"'+C
2+sint
3. | dx
xhnx
u=Inx
du=§-
p e
xdu=dx

ji‘;‘f=m u=In(nx)+C

40.

41.

42.

43

Section 6.2

Itanzxseczxdx

u=tanx

du=sec®x dx
du

du
C—dx
2x

1¢ du 1
- =—Inu+C
2‘[x2+1 2

=%ln(x2+l)+c

40 dx
x*+25
u=x
a=S5
du=dx

40f 2 = Lian-1

WP+a® a a
40 11X 1 X
B an ' Eec=8tan Z+c
5 5 5

J- dx =J-sin3x
cot3x < cos3x
Letu= cos3x
du=~3sin3xdx

+C

dx

- %du =sin3xdx

dx 1¢1
Icot3x =-§J';du

=—lln|u|+C
3
=—%ln|cos3x|+C

(Anequivalentexpression is -;— In ]sec 3x| +C.)

44, Letu=5x+8

du="5dx

1

gdu;dx 1

[ sl
=§-2u"2+C

=§ 5x+8+C

273
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45. Isecxdx:jsecx -(w)
secx +tanx

sec? x+secxtanx

e xseextans
secx+tanx

Letu=secx+tanx

du =secxtanx+sec? xdx

Isecxdx= Ii—du= ln|u|+C = ln|secx+tanx +C

46. Jcscxdx = jcscx
cscx+cotx

2
csc” x+cscx cotx
=J————dx

cscx +cotx
Letu=cscx+cotx
du=—csc x cotx—csc® xdx

Jcscxdx: —J.%du
=-Inlu/+C

=—1n|csc x+cot x|+C

47, Isin3 2xdx= I(sinz 2x) sin 2xdx

= j(l —cos?2x)sin2xdx

u=cos2x

du=-sin 2x dx(2) AK

=g (1-u?)du

3
%—"—+C )
s
=c052x—°°s32x+C

48, jsec" xdx= j(secz x)secxdx

= [(1+tan® x)sec? xdx
u=tanx
du=sec? xdx
= [(1+u)du
=u+£+C

3

3
tan” x
+C

=tanx+

49. jzsinzxdx=j(1+2sin2x—1)dx

= J(l+cos 2x)dx
u=2x
du=2dx

=%j(l+cosu)du

=%(u+sin w+C

sin2x

=x+ +C

cscx +cotx
___)dx

50.

51.

52.

53.

54.

facos®xdx = [20-2c0s* x)+2) dx

= j' (-2 cos2x +2)dx
u=2x

du=2dx
=1 2 2)d
—EI(- cosu+2)du

e %(-ZSin u+22u)+C
=2x-sin2x+C

_[tan“x = Itanix (seézx—l)dx

= j(tanlx sec? x —tan® x)dx
su=tanx
du=sec® xdx
=I(u2—u)du
3
u
=——u+C
3 u

_tan’x

—tanx+x+C

J(cos‘ x—sin® x)dx
= j(cosz x+sin? x)(cos? x —sin? x)dx
= [ (cos2x))dx
= lsin 2x+C
2

Letu=y+1
du=dy

J‘;Jy+ 1dy =j:u"2du

=§u3’2]:

_2 a2 2 an
—3(4) 3(1)

2 2 14
“3®7373

Letu=1-r°
du=2rdr

1
—Zdu=rd

> w=rdr

! e 2 —_..l 0 172
j'or l-rtdr= 2-’1“ du

1,2,m ]°

=——
1

2 3
1 1 1
——3(0)'*'5(1)—5



r

§5. Letu=tanx
du=sec? xdx
Io mnxseczxdx=Iou du
-x/4

1

= L
11
—2(10) 2( )]

2

56. Letu=4+r2
du=2rdr

%du=rdr

1 5r _2 S 2, _
J_|mdr-—2j-su du=0

57. Letu=1+6*?

du=%0"2d9
%du:OVzdo
1 1048 2, 2 ,
—— 4o —(10) u?d
I0(1+91"’2)2 k
__ 20
=-3 ]l
__&(1_1
T o3\2
=_20( 1)_10
30 2) 3
§8. Letu=4+3sinx
du=3cos x dx
%du=cosxdx
T COSX 1¢4 12
=—| u“du=0
J"";;4-1-3sinx 3‘[“
59. Letu=1£"+2¢

du=(5t* +2)dt

j;\/t5+2t 5t* +2)dt = jsu”z du

3
_Z,,w]ﬂ
3
2
=3
3()

=§\/E=2\/5

60. Let u =cos26

du=-2sin 20 d0
—%du=sin 20 do

Section 6.2

”I6 5 . __lp
Jo cos™ 20sin 260 dO= 2L u-d

62. | ——

u=2x-3
du=2dx
Sdu 1

[ Z=Zhu

2 2 4 2
2 dr_
1¢-3
u=t-3
du=
2du
! u

3
64. J-;I cotx dx= |

4

u=sinx

1
—-2—ln (2x-3)

3n/d4 cos x dx

z sin x

du=cosxdx

=14 du

[t
-l x2 41
u=x2+1
du=2xdx
1¢3du 1

27-1 y 2
2 edx
J“’ 3+&*
u=3+e*
du=e*dx

2 du

0

3 __1_ 2
o —zln(x +1)

314 lrl4
® —"lﬂr
u =l4

Insinx) [

—=1nu|’-1n(r 3)| = ( ) -0.693

==l Iz—ln(3+e‘) =0.954

275

S =
;=5 In(M=0973

3 1
453 In(5)=0.805
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67. Let u=x*+9,du=4x>dx.

(@) Il xds jlol 'uzdu—— "2]

s

10

o——f

==J10->=0.081
2J—o ~ =008

dx= Ji— w2 du

1
=—u "+C
2“

113
=—Vx"+9+C
2 X

1 3
==410-==0.081
2 2
68. Let u=1-cos 3x, du = 3sin 3x dx.
i3 21 1 ?
@) Im (1-cos3x)sin3xdx = jl gudu— guz]l

1
6

(b) I(l—cos3x)sin3x dx= J.%u du
=%uz +C

=%(l-—cosBx)2+C

B
Im(l— cos3x)sin3xdx = l(1 —Cos 3,\:)2
nl6 6 /6

=Lop_Llgp=l
=@ -’ =7

69. We show that f’(x) = tanx and f(3) = 5, where

)

= Z(ln|cos3|— In|cosxl+5)

cos3

f(x)= ln +5.

cos3

f(x)= —(ln

cosx

= -—d—lnlcosxl
dx

(—sinx) = tanx
cosx

fQ3)= ’ 3+5 nD)+5=5
cos 3

Lo 1o 1
=—(2) 6(1)

u sinx
f(2)=cot(2)=6

71, False. The interval of integration should change from
[0, w/ 4] to [0,1], resulting in a different numerical answer.

72. True. Using the substitution # = f(x), du = f'(x)dx,

b f'(x)dx _ £ du _ |,(b)
fx) 9w o

we have I

f®)
=In(f(b)-In In
(fBY-In(f(a)= ( I ))

73.D.

2.
74.E. j:e”dx = ‘7

75. B. j:F(x-a)dx=F(S—a)—F(3-a)=7

IZF(X)dx:F(S—a)—F(3—a)=7

76. A. —d—sinx =cosx
dx

()

cos(0)=1

aex

77.(a) Letu=x+1
du=dx

[Vr+1de= [udu

2
=224 c
3

= %(x+l)3'2+C

Altemaﬁvely,%(%(x-f—l)m +c)= Jr+l

(b) By Part 1 of the Fundamental Theorem of Calculus,
%zd)ﬁl and%:Jx+l,sobothare

antiderivatives of J x+1.



~~

77. Continued
(c) Using NINT to find the values of y, and y,, we have:
x 0 1 2 3 4
¥ 0 1.219 | 2.797 | 4.667 | 6.787

» —4.667 | —3.448 | -1.869 0 2.120

-y, | 4667 | 4.667 | 4.667 | 4.667 | 4.667

2
Cc=4%
3

@C=y-y,
=I:\/x+l dx-j';JxH dx

=[*x+1 4x+j:Jx_+de
=j:~/:_c+—1dx

78. (a) % [F(x)+ C]shouldequal f(x).

(b) The slope field should help you visualize the solution
curve y = F(x).

(c) The graphs of y, = F(x)and y, = J: Jf(2)dt should differ

only by a vertical shift C.

(d) A table of values for y; — y, should show that
—¥; =C forany value of x in the appropriate
domain.
() The graph of f should be the same as the graph of NDER
of F(x).
(D First, we need to find F(x). Letu = x> +1, du = 2x dx.

1 _
J“/ﬁ dx= Iiu V2 du

ull2

=Vx?+1+C

Therefore, we may let F| (x) =Vx2+1

)—(me)_ —_—x)
Jx +1

== f(%)
\—/x2+1

1

b)
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d
x 0 1 2 3 4
N 1.000| 1414 | 2.236 | 3.162 | 4.123
Y2 0.000| 0414 | 1.236 | 2.162 | 3.123
-y 1 I 1 1 1
€)

|

(—4,4]by [-3,3]
79. (a) I2sinxcosx dx= I2udu =u*+C=sin’x+C

(b) JZsinxcosx dx=—j2udu=—u2+C=—cos2x+C

(¢) Since sinx— (-cos2 x) =1, the two answers differ by a
constant (accounted for in the constant of integration).

80. (a)I2seczx tanxdx=j2udu=u2+c=tan2x+c
®) I2seczx tanxdx = [2udu=u?+C=sec’x+C

(c) Since sec® x—tan? x = 1, the two answers differ by a
constant (accounted for in the constant of integration).

dx cosudu  cosudu
81.(a) = = = | 1du.
'[\/I—x2 I\/l—sinzu Jeos?u '[
(Note cosu >0, 50 Veos? u = |cosu| = cosu.)

dx
®) IJiTx—z

82. (a) jlf’;z =f

—jldu u+C=tan"'x+C

=Jldu=u+C=sm_lx+C

2
sec” udu sec?udu
= |1du
1+tan’u J’secu '[

72 \/_dx sm"\/l_l_smy «2sinycosydy
f \ll—sm y

14
=I: 2sin’ y dy

83()j

_ Ifrm 2sin® ycos y dy
0 cosy

®) IIIZ ‘/\/—;dx rm 2sin? y dy

_j (1-cos2y)dy =[y—(1/2)sin2y}*"*
=(m-2)/4
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Bodx Itnn"f sec’u du

tano\/l—_*_t—-

ai3sec? udu nl3
I — =), secudu

84. (a)j

secu

(®) L;ﬁ \/ix—z = J':Bsecu du={In|secu +tanu|]:’3
1+x
=1n(2+J§)-1n(1+0)=1n(2+J§)

Section 6.3 Antidifferentiation by Parts
(pp. 341-349)

Exploration 1 Choosing the Right u and dv
1. u=1 du=0
dv=xcosx v=_[xcosxdx

Using 1 for u is never a good idea because it places us
back where we started.

2. u=xcosx du = cosx—xsinx
dv=dx  v=[dx=1
The selection of u = x cosx will place a more difficult
integral into jvdu.

3. u=cosx du=-sinx
dv=xdx v=jxdx=x2
The selection of dv = xdx will place a more difficult
integral into jvdu.

4. u=xand dv=cosxdx are good choices because the
integral is simplified.

Quick Review 6.3

1. % = (x*}cos 2x)(2) + (sin2x)(3x?)

=2x3cos 2x +3x2sin2x
dy 2x 3 2x
2, — +In 3x+1)2
o =) —— Tt (Bx+1)X2e™)
2x
=3 26 In G+
3x+1
T
de  1+(2x)
_ 2
1+4x?
PR

T -+

S. y=tan"' 3x
tany=3x

1
x=—tan
3 y

6. y=cos'(x+1)
cosy=x+1
x=cosy-1

1 1 !
7. I sintx dx = —-—cosnx
0 n

=--1—cosn‘+-l—coso
n
n n
8 L =¥
dx
dy=e* dx
Integrate both sides.
de: Iez“dx
1 2x
=—e"+C
y 29

dy \
9, —=x+sinx
dx

dy = (x+sinx)dx
Integrate both sides.
de = I(x+sinx)dx

—%x -cosx+C

y0)=-1+C=2
Cc=3

y=%x2—cosx+3

10. %(% e (sinx—cos x))

= %e" (cosx +sinx)+(sinx— cosx)%e"

X

1 1., 1,. 1,
=—e CoSx+—e sinx+—e sinx——e" Cos
2 %3 2 2% o8

=e"sinx

Section 6.3 Exercises

1. stinx dx

dv=sinxdx
u=x du=

—~XCOSX— I—cosx dx=—-xcosx+sinx+C

2. Ixe"d.x
dv=e*dx v= Ie‘dx =e*
u=x du=

xe* —je’dx=xe" -e+C

v= Isinx dx=-cosx



N

3

4.

j3 te¥dt

2t

dv=e¥dt  v=[eddt=%

e v fe 5
u=3t du=3dt

2t 2t

e (-4 3 2 32,
f—=-|3—dt==te" —=e“"+C

2 I 2 972 T%¢

1'2 tcos (3t) dt

sin3t

dv=cos3tdt v= jcos (Bydr=
u=72t du=2dt

y su;3t _ J-2 c053(3t) di = ; tsin3t— %cos @Bn+C

. szoosxdx

dv=cosxdx v=_[cosxdx=sinx

u=x? du=2xdx

x2 sinx-Iszinx dx
dv=sinxdx v=Jsinx dx=-cosx

u=2x du=2dx

xzsinx+2xcosx-j2cosxdx

=x*sinx+2xcosx—2sinx+C

. I x%e dx

dv=e*dx v= Ie”‘dx =-e*
u= Jr2 du= 2x dx
—x2e* - I—Zx e
dv=e¢* v= .[ “Ydx = —e*
u=2x du=2dx
—-x%e* —2xe” —I —2¢*dx=—x%"* - 2xe* -2 +C

I3x2 *dx

2x

dv=e¥dx = 2xdx=e_
v=e¢ v je 5
u=3x> du=6x

2x 2x
3x? eT_ I6xe7dx = %xzez" - I3x ¥ dx

2x 2x e
dv=e V=J.e dx=—

2
u=3x du 3dx
3 200 o2 _322x32x 3 %
Exe = I3 —-x Exe +4e +C
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8. J'x cos( )dx
dv=cos(§)dx v= Icos( )dx 2sm(2]
u=x> du=2xdx
242 4xsin| Z |dx
Slﬂ( ) IXS]D(Z)
dv= sin(%) y= Isin(%)dx = -2cos(§]
u=4x du=4dx
2x?%sin X +8xcos X
2 2
—jscos(—]dx 2x sm(2]+8xcos(§)—16sm(5)+c
9. _[y Inydy
2
dv=yd =|ydy=—
v=yay v I)’ y 2
u=Iny du=ldy
1 y2lny- Jy——dy=-l—y lny——+C
2 2 4
10. Itzlnt dt
3
t
dv=r’d =|dr==—
R [
u=Int du=ldt
3 ! 3
13 "1 1,4 t
=t'lnt—-|—-dt=—t'Int—-—+C
3 -[3 t 3 9
1L [dy= [((x+2)sinx)dx

dv=sinx dx v=Jsinxdx=—cosx

u=x+2 du=dx
—(x+2)cosx—I—cosxdx=—(x+2)cosx+sinx+C
2=—(0+2)cos(0)+sin(0)+C

2==-2+C

C=4

y=—(x+2)cosx+sinx+4

S et S P S
SemmmaNtes S P S
W 2 ¥
WP A f PR SN

o o—A e
O S A
T el

Vs
4
s
AN 77
r£7

[-4, 4] by [0, 10]
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12. [dy=[2xe™dx

dv=e* v= Ie"‘dx =—e*
u=2x du=2dx
—2xe™* - J-—Ze"’r de==2xe*-2e*+C
3=-2(0)e -2 +C
5=C
y==2xe*-2e*+5

[-2,4] by [0, 10]

13. Jdu =Ix sec? xdx

dv= Iseczx dx v= jseczx dx=tanx
w=x dw=dx
xtanx—jtanxdx=xlanx+ln|cosx|+C

1=0tan (0)+Inlcos (0)I1+C
C=1
u=xtan(x)+Inlcos(x)l+1

[-1.2, 1.2] by [0, 3]
14. Idz = Ix3 Inx dx

dv=x* v=!x3dx=x—
4

X

4 4
X x' 1 x
Z Inx-|>——dx="—Inx-—+C
s I4x 2 T

o m*
5="lnl)-~—+C

2 -

[0, 5] by [0, 100]

15.

16.

17.

[dy=[xdx=1dx ‘
dv=(x-1" v=I(x—l)‘/2dx=§(x-l)yz
u=x du=dx
2 =12 j 2 x=1"2dx
3 3
=§x(x—l)3'2—%(x-l)m+c
2 4 52
=Z2ma-n¥2-=q-
3()( ) 15(l '“+C
c=2
y=§x(x—l)3/2—-1%(x—l)5’2+2

—mir Sl S
P P PP O P

[1, 51by [0, 20]

[ay=[2xVx+2 dx

dv=(x+2)"? v= j(x+2)"2 dx =—§-(x+2)3’2
u=2x du=2dx
%x(x+2)m - I%(x+2)3lz dx

=%x(x+2)3'2 —%(x+2)5/2 +C

o=§(—1) (-1+2)3’2-1§5-(1+ 22+C

2
1

28

+2)% 4
(x+2) T

A e R (T

[-2, 4] by [-3, 25]

Je" sinxdx
dv=e*dx v= Ie"dx:e‘

u=sinx du=cosx dx
e*sinx— Ie" cosxd
dv=e"dx v=fe"dx=e“

u=cosx du=-sinxdx
Je“ sinxdx =e"sinx—(e* cosx - I—e‘ sinxdx)

X

Ie‘sinxdx= %(sinx—cosx)+C



18. Je" cos x dx

dv=cosxdx v=Jcosxdx=sinx
u=e* du=-e*dx

e sinx— I—e"‘ sinxdx

dv=sinxdx v=Isinxdx=—cosx

u=e* du=-e*dx

Ie"‘ cosxdx=e *sinx—(e *cosx— I—e" cosxdx)

-X
je"cosxdx: e—2—(sinx—cosx)+C

19.j’e‘cos2x¢x
dv=cos2x dx v=Jcostdx=23in2x

u=e* du=e*dx
2¢* sin2x — [2sin2x e*dx
dv=2sin2x  v=[2sin2x dr=-4cos2x
u=e* du=e*dx
Ie*oostdx

=2¢*sin2x — (~4e” cos2x — I—e"dx 4cos2x dx)

[e* cos2x dx=~es—(2$in2x+0052x)+c

20. Ie" sin2x dx

dv=sin2x dx v=[sin2x dx=-2cos2x
u=e”* du=—e"dx
~2¢™* cos2x— JZe“ cos2x dx
dv=cos2x dx v= J'cos2x dx=2sinx
u=e”* du=-edx
_[ e *sin2x dx =—-2¢" cos2x
—(2¢ *sinx— J—Ze” sinx dx)

~X
Ie"" sin2x dx = —%(2cos2x +sin2x)+C

21. Use tabular integration with f(x) = x* and g(x) =¢~*.

f(x) and its #(x) and its
derivatives integrals
x4 ) P
WO
1222 * o
M~ O
24 +) e~
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Jx‘e'"r dx
=—xteF —4x’e T —12x%¢F —24xeF —24e~F +C
=—(x* +4x +12x% + 24x+24)e* +C

22, Let u=x>-5x dv=e" dx

du=(2x-5)dx v=e*
I(xz -5x)e" dx=(x*-5x)e* —je‘(2x—5) dx
Let u=2x-5 dv=e" dx
du=2dx v=e"

x?-5x)e" - Ie‘(2x—5) dx
=(x* - 5x)e* - (2x - 5)e* + [ 2¢* dx
=(x2-5x)e* - (2x-5)e* +2e* +C
=(x2-Tx+7Ne*+C '

23. Use tabular integration with f(x) = x> and g(x) =e~%*.

f(x) and its 20 and its
derivatives integrals
° & e
3 © —% e
6x +) i- e
b~ TF
0 11_6 e
j e dx
_ _% B % g2 % xe ¥ _ 3% 0
2 4 4 8

24. Use tabular integration with f(x) = x*and g(x)=cos 2x.

fix)andits g(x) and its
derivatives integrals

XJ (+) cos 2x

312 (_) - % sin 2x

1

6x +) —zcosb:
1.

6 ) Estx
1

0 —16c052x

3 2
%sin 2x+%cos 2x—34—xsin 2x-gcos 2x+C
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25, Use tabular integration with f(x) = x and g(x) =sin 2x. a2 JERPAY 3 3 " =\
I x° cos 2x dx=|| =—=== [sin 2x+] =—-= |cos 2x
Jx) and its 8(x) and its 0
derivatives integrals 72 3
=0+ -2 [-p-0-| -2 |a
\smzx (16 8]( ” [ 8)()
1 3 32
-1 =2-Z ~_1.10
\ 2 cos 2x 216 1
1
\"’"‘7"‘ Check: NINT[x cos2x, x, 0, ’2’]~—1.101
=~ cos 2x
) ] 1 27.Let u=e* dv=cos3x dx
Ixz sin 2x dx = ——x? cos 2x +—x sin 2x+— cos 2x+C ) 1
2 2 4 du=2e"*dx v==sin3x
= (l—2x2 cos 2x+£sin 2x+C 31 1
- [ 4 2 Iezx cos 3x dx= (ez‘)(gsin 3x)—j(§sin 3x](2e2" dx)
r 2 72 1 2
jomxz sin 2x dx= [l Zx ]cos 2x+§sin 2x = gez" sin3x-§j.e2" sin 3x dx
A o ‘
( 2 Let u=e** dv =sin 3x dx
n
-| 2/ (_1).,.0_(%)(1)_0 du=2e™ dx v=—§cos 3x
\ Iez" cos 3xdx= %ez‘ sin 3x
2
= % _% =0.734 - %[(e”)(—% cos 3x)— I(—%cos 3;:)(2::2’r dx)]
Check: NINT| xsin 2x, x, 0, = | =0.734 =153 sin3x+2c0s 3x)—i j e** cos 3xdx
2 9 9 f‘\

372 1 ox. .
26. Use tabular integration with f(x) = x* and g(x) = cos 2x. < )¢ cos3xdx= 9¢ *(3 sin 3x+2cos 3x)

fix)and its £(x) and its Jez’ cos 3x dx= iez" (3sin 3x+2cos 3x)
derivatives integrals 13

3
J‘Szez“ cos 3x dx = [%ez"a sin 3x +2cos 3x)]_
2

xsx)‘ooslx =
32 % sin 2x =%[e6(3 sin9+2cos 9)

©

6x ® _.l_cosz,, —e"‘(3 sin(—6) + 2 cos (—6)]
4 | .

6 o _% sin 2x —E[e (2cos9+3sin9)
1 ,—e*(2cos6-3sin 6)]

0 16 ° % ~-18.186

. 2x _ ~—
Ix’ cos 2x dx=-;-x3 sin 2x+§'-x2 cos 2x—%x Check: NINT(e cos 3x, %,-2, 3) 18.186

sin 2x—2 cos 2x 28.Let u=e>* dv=sin 2x dx

3 ° 2 — -2 __l
=| £ -3% |dn2x+] 2222 Jos 20+ C du=-2¢"" dx v=-7cos2x
2 4 4 8

Je‘z“sin 2x dx =(e"2‘)(—%cos Zx)
—J‘(—%cos 2x)(—2e‘2" dx)

=—%e‘2" cos 2x—je'2‘ cos 2x dx



28. Continued
Let u=e > dv=cos 2x dx
2x 1.
du=-2e v=5sm2x )

Je‘z“sin 2x dx= —%e’z" cos h—[(e'”)(%sin Zx]

_ j(%sin 2x)(—2e“2‘ dx)]

= ——;-e'z"(cos 2x+sin 2x) — Ie_Z‘Sin 2x dx

2fesin 2x dx=—%e_2x(005 2x+sin 2x)+C

-2x

fesin 2x dx=—e4

(cos 2x+sin2x)+C
-2x

4

2
2
I_ze‘z"sin 2x dx = [— ¢ (cos 2x+sin 2x)1
3

&
=——4—(cos 4 +sin 4)

.

+a-[cos(—6)+siu =6)]
e-4

=-—4—(cos 4+sin 4)

&
+ 7(cos 6—sin 6)

=125.028
Check: NINT(e'z" sin 2x, x, — 3, 2) =125.028
29. y= sze"“ dx
Let u=x? dv=e%dx
du=2xdx v= i—e"‘

1 1
y= @2)(Ze“)—j(ze“‘)(2x dx)

1l oa 1p 4
=—x‘e —ijedx

4
Letu=x dv=e" dx
du=dx v=i—e4"
y= %xzeu —-;—[(x)(-i-e“)—j(%e‘*)dx]
y=%x2e4" —%xe“+3—12e“'+C
H{5ffe
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30. y=[x* Inx dx
Letu=Inx dv=x?dx
1

du=ldx y==x
X 3

- 1a_(flea)1

y‘“”)(s"J I[s" ](xd")
_134 Le o
y—§ 1nx—-3—dex
y=-:l;x31nx—%x3+c

31. y=[6sec™'0 do

dv=0do

1.5

di =—@
u v 2

" Letu=sec™'6

du=

We* -1

Note that we are told 6> 1, so no absolute value is needed

in the expression for du.

=cec'o)| 262 |- [[ Lo? || —=
y=(sec e)(ze) j(zo )(0 =

8 gL 2l6| 46
A il i~

2 4
Let w=6%—1, dw=204d0

_6 i, ¢ o
y—2sec 6 4Iw dw

y= Tsec'.'e-%w'lz +C

2
y=e—sec"0-%\/82—l+c

2

32. y=[0 seco tan6 db

Letu=0 dv=secl tanf dé
du=do v=sech

=8 secd- [sec 6 do
y=6 sec@-In[sec6 +tan6|+C

Note : In the last step, we used the result of Exercise 29 in

Section 6.2.
33. Letu=x dv=sin xdx
du=dx v=-Ccosx

Ix sin x dx=-x cosx+Icosx dx
=-—x cos x+sin x+C

(a) I:Ix sin x| dx= j:x sin xdx

=[-x cos x+sin x]:
=—7(~1)+0+0(1)—0
=7

;
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33. Continued
(b) J‘:qx sin x| dx = —J':”x sin x dx

. 2
= [x COsS x-—SIn x]’r
=2x(1)-0-m(-1)+0
=3rn

2 n 27
© L |x sin xl dx=j0 Ix sin x| dx+L |x sin x| dx
=n+3n=4n
34. We begin by evaluating J @2 +x+1)e™ dr.
Let u=x*>+x+1 dv=e"" dx
du=@Q2x+1)dx v=—e*
& +x+1)e7 dx
== +x+1D)e + [@r+1)e dx
Let u=2x+1 dv=e" dx
du=2dx v=—e*
J(xz +x+1)e " dx
s—2+x+1)e — Qe+ e + [2e7F dx
=2 +x+1)e* —QRx+1)e*-2¢* +C
=@ +3x+4)e*+C

\

ﬁ"i‘ section
£4.0503204 1¥=4.10317228

[-3,3] by [-3,3]
The graph shows that the two curves intersect at x =k,
where k = 1.050. The area we seek is

J";‘(x2 +x+1)e™* —J:xz dx

= [—(.x2 +3x +4)e°‘]z - lx3 k

3 4
=(—2.888+4)-(0.386-0)
=0.726

35, First, we evaluate J'e" cost dt.
Let u=e" dv=cos tdt
du=—-e'dt v=sint
J.e" cos tdt=e"'sin t+ Isin te” dt
Let u=e™' dv=sin tdt
du=—-e' dt v=—cos ¢
Je"cos tdt=e"'sin t—e 'cos t— _[e"cos tdt

2je"cos tdt=e""(sin t—cos )+C
J' e'costdt= %e" (sin t—cos 1)+ C

Now we find the average value of y =2e‘cos ¢ for
0<r<2nm.

Average value = 1 J.z;: 2e~'costdt
g 2z 0

= lJ‘zxe"'oos tdt

Y0

1 . 2

=—e'(sint-cos t)]

2r o
- L -2 (\]
= (=D="(-D]

2

1-e”
= =0.159
2

36. True. Use parts, letting u = x, dv = g(x)dx, and v = f(x).
37. True. Use parts, letting u = x2, dv = g(x)dx, and v = f(x).

38.B. Ixzcos x dx=x2sin x+2x cos x—2sin x+C

See problem 5.

j2x sinx dx=-2xcos x+2sinx+C
See problem 1.

h(x)= x*sinx+C

39.B. [xsin(5x) dx
dv=sin(5x) dx v= J-sin (5x) dx = —-;— cos5x
u=x du=dx

—éxcos(Sx)— j-écps(Sx) dx= —%x cos x
+—215— sin(5x)

40.C. Ix cse?x dx
— cep _ 2 _
dv=csc“x dx v—jcsc x dx=—cot x

u=x du=dx
—x cot x-—I—cotx dx=-x cotx+In kinx|+C

41.C. [dy=[4xmxdx
dv=4x dx v=J‘4xdx=2x2
u=Inx du=—1-dx
x

2x21nx-j2x2 L e=2mx-x?+C
X

42.(a) Letu=x dv=e* dx
du=dx v=e"
jxe“ dx=xe"—'[e“r dx
=xe*-e*+C
=(x=De*+C
(b) Using the result from part (a):
Let u=x? dv=e* dx
du=2xdx v=¢é*
Ixze"dx=x2e"-J2xe" dx
=x%* -2(x-1e* +C
=(x?=2x+2)e*+C



42. Continued
(c) Using the result from part (b):
Letu=x3 dv=e"dx

du=3x%dx v=e®
Ix:’e" dx=x’ & —'[Bx2 et dx
=% =302 -2x+2)e* +C
=x*-3x2+6x-6)e* +C
dll
dx"

@ [x"—%x’#ﬁ;x"—----l-(—l)" x"]e"+C

or [x" —nx"ltnm-1)x"2 -

et (=D @+ (- 1) @ e +C
(e) Use mathematical induction or argue based on tabulat
integration.
Alternately, show that the derivative of the answer to
part (d) is x"e™:
di[(x" —nx" e n(n-1)x"? -
x
ok (=1 @)+ (- 1)Pat)e +C |
=[x"-nx" 4 np-1)x""2 -
otk (=) @Dx+(=1)"nle* +

d
X n_.n-l - n=-2 _
e o [x nx" +n(n-1)n

et (1) @D+ (~1)"n!)
=[x"=nx"" 4@ -1)x"2 -
vt (=1 (a)x+(~1)"nYe”
+[nx"_’ —n(n-1)x""?
+n(r-1)@n-2)x"3-
et (=1)"nl)e®

=x"e*

43, Letw=\/; Then dw=%, SO dx=2~/; dw=2wdw.

X
Isin \/; dx= I (sin w)2w dw)= ZIW sin wdw
Let u=w dv=sin wdw
du=dw V=-=Ccos w
Jw sin wdw =-w cos w+jcos wdw
=—wcosw+sin w+C
Isin\/; dx=2jw sin w dw
=-2wcosw+2sinw+C
=—2\/; cosvx +2 sin\/;+C

1
44.Let w=+3x+9. Then dw= —————(3) dx, so
2x}3x+9( )
dx=§\/3x+9 dw=§wdw.
Je“‘"g dw=J(ew)(§wdw)=-§Iwewdw
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Let u=w dv=e" dw
du=dw v=e"
jwe“’ dw=we”'-Ie”' dw
=we" -e"
=w-1)e"

J'e”’wd.x:%jwe"’dw
2
=Zw-1)e"
3(w Je
= %(\/3x+9 ~1)e 4 ¢
45. Let w=x2. Then dw = 2x dx.
Ix7e"2dx = I(xz):‘e“zx dx = %J'w3 e” dw.

Use tabular integration with f(x) = w® and g(w) = e".

fiw) and its g(w) and its
derivatives integrals

\

W

P
3w X e
6w Q: e
6 K
0

e
e

Iw3ewdw =w'e" —3wle"” +6we” —6e" +C
=W -3w?+6w—-6)e” +C

Ix7e"’ dx =%fw3 e dw
=%(w3—3w2+6w—6)e“'+C

_G®-3x +26x2 —6)* vC

46. Let y=In r. Then dy=%dr, and so dr=r dy=¢" dy.
Using the result of Exercise 13, we have:
jsin (n r)dr= J-(sin y)ej dy
=%e’(sin y—cosy)+C -
= %e‘“ f[sin n r)—cos (In r)]+C

= %[sin (n r)=cos (In r)]+C

47. Let u=x" dv=cosx dx

du=nx""dx v=sinx
Ix" cosx dx=x"sinx— J(sin x)(nx""Vdx)

=x"sinx — nIx"" sinx dx
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48. Let u=x" dv=sinx dx
du = nx""dx V=—Cosx
In" sinx dx = (x")—cosx)— J(- cosx)nx"") dx
=—x" cos.r+n_|'x"'l cosx dx
49, Let u=x" dv=e" dx
du=nx"" dx v=—l-e""

R

a.x
—j "¢ dx,a%0
a

a
50. Let u=(lnx)" dv=dx
n-1
du= nn 0™ dx v=x
x
n-1
J(ln x)* dx=(In x)"(x)- jxlin(ln—x) dx

=x(lnx)" - n‘[(lmr)"'l
51.(a) Let y= f~'(x). Then x = f(y), so dx= f'(y) dy.
Hence, [ f'(x) dx= [ £ dy]=[y £} dy

®) Let u=y dv=f'(y)dy
du=dy v=f()
[yrordy=yron-f £ dy
= @0 - [ £0) dy
Hence, jf"(x) dx= J.y ' dy
=x @)= [ £ dy.

52. Let u=f"l(x) dv=dx

du=(%f"(x))dx v=x
[ ax=x"w-] x(%f"(x))dx

53.(a) Using y=f"'(x)=sin"'x and f(y) =siny,
z <y< E, we have:
2 2

jsin"x dx=xsin"' x— Isiny dy
=xsin"'x+cosy+C
=xsin"! x+cos (sin"'x)+C

®) Isin"x dx::xsin']x-jx(%sin"x) dx

dx

=xsin"x-Jx
1-x?

u=1-x2, du=-2x dx
=xsin™! x+%'[u"/2du

=xsin'x+u’?+C
=xsin'x+V1-x* +C
(¢) cos (sin™" x) = V1-x2
54.(a) Using y=f~'(x)=tan"" x and f(y)=tany,
-z < y<£, we have:
2 2
jtan"x dx= xtan"'x—jtany dy
=xtan™' x~In|secy|+C
(Section 6.2, Example 5)
=xtan™' x+In|cosy|+C
=xtan"x+lnlcos (tzm"l x)|+C

(b) _[tan"x dx=xtan"x—Jx(%tan'lx) dx

1
=xtan"'x—-[x dx
‘ j (1+ 2)

x
u=l+x2, du=2x dx

=xtan"x—%'[u" du
=xtan'lx—%ln|u|+c
=xtan"’x—%]n (1+x2)+C

1
V1+x?

55. (@) Using y=f'(x)=cos ' x and
Sf(y»)=cosx,0< x <7, we have:
Icos"x dx=cos™ x-—Jcosy dy

=xcos ! x—siny+C
=xcos™! x—sin (cos"x)+C

© lnlcos (tan"x)| =In

1 2
=——In(1+
2 n(1+x%)

- - d
1 1 i

dx= - dx
b) J-cos x Xcos  x jx( cos x]

=xcos"x—jx(— 1 ]dx
2

1-x
u=1-x% du=-2x dx

= react p_ L, -12
= Xxcos x--2-Iu du

=xcos"x-u'/2+C

=xcos"x—\/l—x2 +C
(c) sin (cos"x)=\/1—x2



_—

56. (a) Using y= f'(x)= log, x and f(y)=2", we have
jlogzx dx=xlog2x—_[2"dy
2
=xlog,x=——+C
gL T

1
=xlogyx— G plog2x
n

d
(b) jlogzx dx:xlogzx—jx[alogzx] dx

1
=xlo - dx
B2 Ix(xan]

=xlog, x—

In2
1
=xlog2x—(EJ+C
() 2°%:* = x
Quick Quiz Section 6.1-6.3
1.E.
2LCs
3.A. [xe™dx
d 2x 2x eh
= dx = dx=—
v=e v je 2

(b) Let% =2 and y=2x+b in the differential equation:

2=20Qx+b)-4x
2=2b
b=1

(c) First, note lhat% = 2(0) — 4(0) = 0 at the point (0, 0).

2
Also, %= %(Zy—ttx) = 2%—4, which is —4 at the
point (0, 0).

By the Second Dervative test, g has a local maximum at

(0, 0).
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Section 6.4 Exponential Growth and Decay
(pp.360-361)

Exploration 1 Choosing a Convenient Base

1. h= 1= é h is the reciprocal to the doubling period.
t

2. 3=2M
Slog3 _
log 2 5
log 2

ht

=1=7.925 years.

1 : : et :
d h=-= % h is the reciprocal to the tripling period.
!

4.2=3"
log2
log3
10log2

log3

5. h= L = % h is the reciprocal to the half life.
t

ht

=1=6.3093 years.

15log(.10)

ol

Quick Review 6.4
b

=1=49.83 years.

l.a=e¢
2. c=Ind

3. In(x+3)=2
x+3=¢?
x=e-3

4, 100e* =600

621 =6
2x=1In6
1
x=—In6
2
5. 0.85°=25
In0.85* =In 2.5
xIn0.85=In2.5
FacBZ | sigag
In 0.85
6. 2k+| = 3fi

In 2" =n 3
(k+1)In2=kIn3
In2=k(In3-1n2)
In2

(=——=1.710
In3—1n2
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7. 1L.I'=10

Inl.’ =1n10

tlnl.1=1n10
_In10 _ 1

= =~24.159
Ini.1 logl.l

8. e—Z! =

sl

t=—lln(—l-] = -;—ln4 =In2

-

2 \4

9. In(y+1)=2x+3
y+]=82x+3

y=_1+82x+3

10. In|y+2|=3¢-1
|y+2|=e3l—l
y+2=4e¥!

y=-2%e*"

Section 6.4 Exercises

1. Iy dy=dex
2 2
y X
—=—4C
2 2
@?=m*+C
C=3

y=Vx%+3, valid for all real numbers

2 [ydy=—[xdx

2 2
L_Lyc
2 2
@’ =-@’+C

Cc=125
y= \/ 25—~ x?, valid on the interval -5,5)
1 1
3 |-dy=|—dx
L]t
Iny=Inx+C
y=x+C
2=2+C

Cc=0
y =x, valid on the interval (0, o)

4. f%dy:jbcdx

In y=x2+C

]y|=e"’+c=ec ?

eX

y= +Ae® =3¢ , valid for all real numbers

5. I% = [(x+2) ax

2
In (y+5)=7+2x+C
y= X1+ :HC _g
y= ecex’/2+2x —§= Aex’/2+ix -5
y=6¢*"%2* _5, valid for all real numbers
dy
6. = |dx
2 =]
tany=x+C
tan(0)=0+C
C=0
y=tan™! x, valid for all real numbers.

dy ;
7. —=cos x e’ *
dx

Je" dy=Icos x e * dx
_e-yzesinx_'_c
. —e"=em04C
C=-2 ,
y=—In (2-€"**), valid for all real numbers.

3 Y

=eve*
—=e'e
dx

Ie'y dy=Je" dx
-e V=" +C
C=e?-e'=¢?-1
y=1In (e* +e*-1), valid for all real numbers.
1
9, j? dy=[-2x dx
~yl=—x?+C

1
—=1+C
25

Cc=3

1

y=—=" valid for all real numbers.
x“+3
0 P _Hymx
" dx x
Ji).’. =J'4lnxdx
Oy x

u=Inx

du=l dx
x

2J;=J4u du
2fy=24*+C
y=Qn x)*+C
1=(n e)+C
C=0
y=(n x)*, valid on the interval (0, ).



1L y(1) = y,e®
y(£) =100e!*

12, y(1) = y,e®
y(t) = 20070

13, y(O)=ye"
y(£) = 50e
¥(5) =100 = 50¢°*
2= eSk
In2=5k
k=021In2
Solution : y(£) = 50¢2 " Por y(r)=50 « 20
14. yi)= yoe'“
(1) = 60"
y(10) = 30 = 60€'%*
10k

—_——g

ln1=10k

(38

k=0.lln—;-=-0.l In2

Solution: y(r) = 60e™®1 " P'or y() = 60 « 271
15. Doubling time:
A(t)= A"

2000 = 1000¢%0%6
2 = 00860

In2=0.086¢

Amount in 30 years:
A= loooe(0.086x30) =$13,197.14

16. Annual rate:
Al = Aoe"
4000 = 2000¢¢5)
2= elSr
In2=15r

r= % =0.0462 = 4.62%

Amount in 30 years:
A(R)= Age"
A = 2000t 2/15K30)
=2000¢? "2
=2000 » 22
= $8000
17. Initial deposit:
A(r)= Age"
2898.44 = A e 0H00

2898.44
AO = 'F:,S— = $600.00
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Doubling time:

A(t)= A"
1200 = 600¢%95%
2= e0.0SZSr

In2=0.0525¢
_ In2
7 0.0525

18. Annual rate:
A(t)= Age"
10,405.37 = 1200 %39
104.0537 _ o

t

=13.2 years

12
n 104.0537 _

1
12

30r
1. 104.0537

r=—In———=0.072=7.2%

30 12
Doubling time:
A(t)=Aye"

2400 = 1200¢%97%
2 = (0072

In2=0.072¢
_ In2
~0.072

19. (a) Annually:

2=1.0475"
In2=1¢1n1.0475
In2

t=———
In1.0475
(b) Monthly:

121
2=(1+o.0475]

12
In2=12tIn (H 0'(:;75)

In 2
0.0475
12

t =9.63 years

=14.94 years

t=
12In (l+

) =14.62 years

(c) Quarterly:

4t
2=(1+ 0.0475)
4

In2=4¢1n1.011875
In2

= 4m1.011875

(d) Continuously:
o = (004751

In2=0.0475¢
In2

=14.68 years
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20. (a) Annually:
2=1.0825'
In 2=¢ In 1.0825
In 2
t=———=8.74
In 1.0825 yeaws

(b) Monthly:

51, 00825\
12

In2=12¢tIn (l+

In 2 ) =8.43 years

0.0825
+
12In (1 12

0.0825
12

1=

(¢) Quarterly:

41
0.0825
2=
(142522

In 2=4¢1n1.020625
In2

~ 41n1.020625
(d) Continuously:
2 = 80.08251
In 2=0.0825¢
_ In2
0.0825

=8.49 years

=8.40 years
dy

21. —=-0.0077
dt Y

1 —-—
j; dy= [-0.0077 dt

In y=-0.0077¢
_In@/2)
-0.0077

=90 years

2 Y.
dt
j% dy= [k dt
Iny=kt

In (1/2) =k

65
k=0.01067

23. (a) Since there are 48 half-hour doublmg times in 24 hours,

there will be 248 =2.8x10" bacteria.

(b) The bacteria reproduce fast enough that even if many
are destroyed there are still enough left to make the
person sick.

24, Using y= yoe", we have 10,000= yoea" and
40,000 yoe
10,000 Yo &k’
2 = 4,0r k=1In 2. Solving 10,000 = yoe 2, we have
¥o = 1250. There were 1250 bacteria initially. We could
solve this more quickly by noticing that the population

40,000 = y,e**. Hence ——

which gives

increased by a factor of 4, i.e. doubled twice, in 2 hrs, so the
doubling time is 1 hr. Thus ir' 3 hrs the population would
have doubled 3 times, so the initial population was

10000_1250
25. 0.9=¢"1#
1n0.9=-0.18¢
In 0.9
t=- ~0.585 d
0.18 s
n2 In2
26. (@) Half-life =12 = 12 _ 13864
@ °="% ~0.005 ays

(b) 0.05=¢7000
In 0.05=-0.005¢
In 0.05

0.005

~599.15 days

The sample will be useful for about 599 days.

27. Since y, = y(0) =2, we have:
y=2¢"
5= 2e(kX2)
In5=In2+2k
k= ‘“—5;-1-“—2 =05 In2.5
Function: y= 28(0.5 In2.5) ory= 2e0.4581l
28. Since y, = y(0) =1.1, we have:
y= 1.1e®
3=1.1¢%3
In 3=In 1.1-3k

k=%(ln 1.1-In 3)

(o 1.1-In 3u/3

Function: y=1.1¢ ory=l.le

29, Attime = %, the amount remaining is

Yoe ™ = yoe™H3/) = y e73 = 0.0499y,. This is less than 5%
of the original amount, which means that over 95% has

decayed aiready.
30.T-T,=(T,~-T,) e™

35-65=(T, - 65)e"*X1?

50-65= (T, — 65)e”*X2"

Dividing the first equation by the second, we have:

2= 1Ok
=iln2
10

Substituting back into the first equation, we have:

-30= (7;) - 65)e-[(ln 2)/10K10)

-30=(T, —65)(%)

-60=T,-65
5=1,
The beam’s initial temperature is 5°F.

-0.3344¢

/‘\



31. (a) First, we find the value of k.
T-T,=(T,-T)e™
60— 20 = (90— 20)¢ X1

4 ok

S=¢

k=—Lm?
10 7

When the soup cools to 35°, we have:

35-20=(90-20) £l0/10) In @)
15= 70e[(IIIO) In @M}

In 3 = 1 In i t

14 \10 7
101n (%)
———% =27.53 min

nl2

%)

It takes a total of about 27.53 minutes, which is an
additional 17.53 minutes after the first 10 minutes.

(b) Using the same value of k as in part (a), we have:

t=

T-T,=(,-T)e™"

35~(~15)=[90— (—15)]/(V!0 In 47Dl
50 = 105¢[V10) I 4Dl

It takes about 13.26 minutes

32, First, we find the value of k.
Taking “right now” as t=0, 60° above room temperature
means T — T, = 60. Thus, we have

T-T,=(T,-T)e™
70 = 60e*X20
7 _ 20k

—=¢

(@) T-T,=(Ty~T,) e ™ = 60" 12O6NI3) - 53 45
It will be about 53.45°C above room temperature.
(b) T- 1; = (7;) - 1’;) e—h - 60e(-(1120)ln(7/6)X120) ~23.79
It will be about 23.79° above room temperature.

(© T-T,=(T,-T,)e™"
10 = 60~ (1/20)1n Q6N
1 1.7
In-=|-—In—-|t
6 ( 20" 6]
__201n(1/6)

In (7/6)
It will take about 232.47 min or 3.9 hr.

=232.47 min
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33.(a) T-T,=79.47(0.932)
(b) T=10+79.47(0.932)

[0, 35] by [0, 90)

(c) Solving T=12 and using the exact values from the
regression equation, we obtaint = 52.5 sec.

(d) Substituting ¢=0 into the equation we found in part
(b), the temperature was approximately 89.47°C.

34. (a) Newton’s Law of Cooling predicts that the difference
between the probe temperature (T') and the surrounding
temperature (7;) is an exponential function of time,
but in this case T; =0, so T is an exponential function of
time.

() T=79.96x0.9273

[-0, 40] by [0, 86}
(c¢) At about 37 seconds.
(d) 76.96°C

35.Usek = In 2 (see Example 3).
5700

e®=0.445
—kt =1n 0.445
__In0445_ 5700100445 o years
k In2

Crater Lake is about 6658 years old.

36. Usek = l_n__2_ (see Example 3).
5700

@ e* =017
—kt=1n 0.17
In0.17 _ 5700 In0.17
= =- = 14,571
k In2 year
The animal died about 14,571 years before A.D. 2000, in
12,571 B.C.
(b) e =0.18
—kt=In 0.18
In 0.18 _ 57001n0.18
=— =— =14,101
k In2 yearn
The animal died about 14,101 years before A.D. 2600, in
12,101 B.C.
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36. Continued

©e*=016
-k=In0.16
n0.16 _ 57001n0.16
ko In2

The animal died about 15,070 years before A.D. 2000, in
13,070 B.C.

t=

=15,070 years

37. % =e®

_lnqs3)

k =0.22

,< In@/2)

=3.1
022 215 years

38. 3=¢"
_InQ3
T
4=¢"
_In(4)
0.11

=0.11

t =12.62 years

3. y=ye®

800 = 1000 ~*X10)
0.8=¢710%

Att=10+14=24h:
y= loooe—(—!uo.B/IO)M
=1000¢%* 208 ~ 585.4kg
About 585.4 kg will remain.

40, 02=¢°%"
In0.2=-0.1t
t=-10 In 0.2=16.09 yr

It will take about 16.09 years.
dp
410 _—=
@ 2, =%
@ =k dh
p

- fua

In|p|=kh+C
oA . e
A=

p=Ae”

Initial condition: p= p, when k=0
Po = Ae°
A=p,

Solution: p= poe""

Using the given altitude-pressure data, we
have p, =1013 millibars, so:

p=1013"
90 =1013¢*X20
90 _ an
1013 ¢
=1, 9% _ -1
k=5l =~0.121km

Thus, we have p =1013¢™%12!4

(b) At 50 km, the pressure is
101 3e((uzo)1n(9o/1013))(so) ~2.383 millibars.

() 900=1013¢"
900
1013 ¢

el 900 _ 201n(900/1013)
k 1013 1n(90/1013)

The pressure is 900 millibars at an altitude of about
0.977 km.

=0.977 km

42. By the Law of Exponential Change, y =100e%_ At t=1
hour, the amount remaining will be

100e7%50 = 54,88 grams.

43. (a) By the Law of Exponential Change, the solution is
V = Ve Wi,

(b) 0.1= ¢~ M40x

t
In0l=-—
40

t=-40In0.1=92.1 sec
It will take about 92.1 seconds.

4.(a) A(f)=Age'
It grows by a factor of e each year.

®3=¢
In3=¢

It will take In3=1.1yr.

(c) In one year your account grows from Ag to Age, so you
canearn Age— A, or (e—1) times your initial amount.
This represents an increase of about 172%.

45.(a) 90=¢"XID
In90 =100~

In90
=——=0.04 %
r 100 0.045 or 4.5%

)—W
(b) 131=M00 ?
In131=100r

r= 1111(1:)1 =0.049 or 4.9%




~

~

46. (3) 2y, =y,e"

2=¢"
In2=n
In2

t=—
. r

®)

{0, 0.1] by [0, 100}

(¢) n2=0.69, so the doubling time is 069 which is almost
r

the same as the rules.

(d)zgq= 14 years or 75—2=14.4 years

(e) 3y, =ype"
3=¢"
In3=n
-2
-
108 108

Since In3 =1.099, a suitable rule is —— or —.
ince 99, a suitable rule is 100" or .

(We choose 108 instead of 110 because 108 has more
factors.)

47. False. The correct solution is|y} = ek+C, which can be
written (with anew C) as y= Ce”.

48. True. The differential equation is solved by an exponential
equation that can be written in any base. Note that

Ce¥ = c(3'“) when k=2/(In3).

49.D. A(t)=A,e”
2=1e”
r= @ =0.099
In(3)

t=——=11.1
0.099

1 tir
50.C. A=AD(§)

199/r
1= 100(1)

In(0D) = —ln(S)
- 199 In(5)

mon 0

51.D.
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52.E. T-68=(425-68)™™

195 = 68 +357¢ 30

e =127 _ 356
357

k=_0.3_56_ 0344
=30

100 = 68 +357¢-0 0344

(10068
t=— 357 ) _70min
~0.0344

70-30=40

§3. (a) Since acceleration is %, we have Force = m% =—kv.

(b) From mﬂ =—kv we get Q = —iv, which is the
dt dt m

differential equation for exporential growth modeled by
v=Ce™ ¥ Sincev=v, at =0, it follows
that C=v,.

(c) In each case, we would solve 2 = e~(k/m» If k is
constant, an increase in . would require an increase in ¢.
The object of larger mass takes longer to slow down.
Alternatively, one can consider the equation

%— = —Ev to see that v changes more slowly for larger
values of m.

54.(a) s(t)= Ivoe"("/"')’dt =—
Initial condition: s(0)=0

Vot
(;c e—(klm)t +C

vgm

=——+C
k
Yo _
k
_ -(klm)t Yo
t ..___
()= X

= Vo’" (l - e—(lclm):)

i = 1im 0™ (1 — g~ tkim)t) = Yo
® limsr =51 ) =

s5. %:ooasﬁng distance
(0.80X49.90) _.
We know that —k———l .32 and %—%- ig

Using Equation 3, we have:

s = %n,(l - e—(k/m)t)
=1.32(1- ¢
=132(1- 0%
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§5. Continued

A graph of the model is shown superimposed on a graph
of the data.

[0, 4.7] by [0, 1.4]

56. von = coasting distance

(0.86)(30.84) _ 0.97

k=27.343
s(f)= %ﬂ - e-(klm)l)
S(‘) = 0.97(1 _ 2427.343/30.84)1)
s(£) = 0.97(1— ~0-8866r)

A graph of the model is shown superimposed on a graph
of the data.

[0, 3] by [0, 1]

57. (a) x (1Y
1+ —)
\ X
10 2.5937
100 2.7048
1000 2.7169
10,000 2.7181
100,000 2.7183
e=27183
Graphical support:
1 X
o G R
e
[0, 50] by [0, 4]
) r=2
X
x (1 + 2)
x
10 6:1917
100 7.2446
1000 7.3743
10,000 7.3876

100,000  7.3889
e? =17.389

Graphical support:

2Y* 2
={1+—] ,y,=e
N [ x) Y2

|
r

e ]

[0, 500] by [0, 10}
r=0.5
x (l E)
x
10 1.6289
100 1.6467
1000 1.6485

10,000 1.6487
100,000 1.6487

™’ ~1.6487
Graphical support:

x
=(]+.(E) ,yzzeo.s
X

[0, 10] by {0, 3]

(c) As we compound more times, the increment of time
between compounding approaches 0. Continuous
compounding is based on an instantaneous rate of

change which is a limit of average rates as the increment

in time approaches 0.

58. (a) To simplify calculations somewhat, we may write:

—-at _at
m, e -€e e
W= 2%

k eal +e—aleﬂl

,mg ezar_l
k e201+1
_ |mg @ +n-2
k e2ar+1

- /mg 1——2
k. e201+1

The left side of the differential equation is:

dv
m—=m

= E(z)(ezf" +1)2(2ae*")

_4mF( 2at+])—2(e2af)

J—Ji(ezal + 1)—2 (eZar)

4mge
( 2ar +1)2
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§8. Continued
The right side of the differential equation is:

mg 2 ¥
2— —
mg—kv —mg-k(T)(l-ez‘"-g-])

2
2
=mg|1-[1-—2—
gl ( e2“'+1]J

_mg 1_1+L__4—_
41 (¥ +1)?

4™ +1)-4

(ezﬂt + 1)2
_4mg P
(e +1)°
Since the left and right sides are equal, the differential
equation is satisfied.
: 0__0
And w(0)= =5 5=25 =0, 50 the initial condition is
e +e
also satisfied.

at —al —al
. — 1 ’Ee —e” e
®) 'hm_mv(t) xli)mw[ k e®+e e""]
— p—2at
=limuﬂ1 ¢ J
e\ Vk 147
= fme(1=0)_ {'_"g
k \1+0 k
The limiting velocity is "%
mg 160
—= =, |——=179 ft
© % =Vo.005 fsec

The limiting velocity is about 179 ft/sec,
or about 122 mi/hr.

Section 6.5 Logistic Growth (pp. 362-376)

Exploration 1 Exponential Growth Revisited
1. 100(2)'? = 409600

2. 100(2)"% = 4.97x10%°

3. No. This number is much larger than the estimated number
of atoms.

4. 500,000 =100(2)*

M =x=12.29 hours
log 2’

Exploration 2 Leaming From the
Differential Equation

1. -Z—[: will be close to zero when P is close to M.

2. P is half the value of M at its vertex.

Section 6.5 295

3. The graph begins a downward trend at half the carrying
capacity, causing a decline in growth rates.

4. When the initial population is less than M, the initial growth
rate is positive.

5. When the initial population is more than M, the initial
growth rate is negative.

6. When the initial population is equal to M, the growth rate is
at a maximum.

7. lim P(t) = M. lim P(¢) depends only on M.
t=yo0

f=poo
Quick Review 6.5
x+1
1. x-1} x?
2-x
x
x—1
1
x+1l+—
x—-
1
2. x2-4|x?
x*-4
. 4
1+x2_4
1
3. xt+x-2 ix2+x+l
4x-2
3
1+2;
x‘+x-2
x
4. x*-1 );-3:
x-x
x-5
223
-5
5, (oo, )
. 60
6. lﬂf(x)=m=6o

. 60
TS0 o O

60
8. YO = —— iy =10

9. From problems 6 and 7, the two horizontal asymptotes are
y=0and y=60.
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Section 6.5 Exercises
1. A(x-4)+B(x)=x—-12
x=4, 4B=-8
=-2
x=1, A0-4)+(=2XD)=1-12
A=3

2. A(x-2)+B(x+3)=2x+16
x=2, B2+3)=2(2)+16
5B=20
B=4
x==3, A(-3-2)=2(-3)+16
-5A=10
A=-2

3. A(x+5)+B(x-2)=16—-x
x==5, B(-5-2)=16-(-5)
-7B=21
B=-3
x=2,A(2+5)=16-2
TA=14
A=2

A(x+3)+B(x-3)=3
x=-3, B(-3-3)=3
-6B=3

B=-1/2
x=3 A3+3)=3
6A=3
A=1/2

4

§. See problem 1.
x-12 -2
o= (2 o
=31n |x|-2 In (x~-4)+C
b

= ln[z;_'4—)2]+ C

6. See problem 2.

2x+l6 I
x2+x 6 x+3 X—= 2

=-21In (x+3)+4 In (x-2)+C

-in [(x-2>‘]+c
(x+3)

2x
7. x>-4)2x°

2x° -8x
8x

j(2x+ 8x )dx
x*-4
u=x*-4
du=2x dx
x2+4_[ﬂ=x2+4lnu+c
u

=x’+In(x*-4)*+C
1
8. x2—9ix2—6
x*-9
3

j1+

=x+ f +3+ﬁ
A(x-3)+B(x+3)=3
x=3, B3+3)=3
B=1/2
x=-3, A(-3-3)=3
A=-1/2
=172 1/2
I+Jx+1 3>

=x+an x3 +C
x+3

9

2j & dtanx+C
x2+1

dx .. -1
2J'x2+9 2tan [ ]+c

10

.

7
1. j2x2-5x-3

A B _
2x+1 x-3
A(x-3)+BQx+1)=7
x=3, B2B)+1) =7

B=1
x=-1/2, A(~1/2-3)=7
A=-2
-2 1
—_—
I(2x+l x—3)dx

x-3
=In +
(2x+l) ¢
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12.

J‘ 1-3x
3x? =5x— 3
A =1-3x
3x- 2 x— 1
Ax-1)+B@Bx-2)=1-3x
x=1, B(3BM)-2)=1-3(1)
B=-2

=3 a3}

1
~2A=-1
3

A=3

N2

13.

14.

=In(Bx-2)-2In(x-1)+C
=ln( 31'-'22 +C
(x-1
J 8x-7
2x%-x=3
A B

x+1 2x-3
A@2x-3)+B(x+1)=8x~7

3 3 3
X= 2, B(5+1]—8(-2')—7

5
-2-3—5
B=2
x==1, AQx-3)=8x-7
A(-2-3)=8-7
-5A=-15
A=3

3.2
(Fams)
=3In|x+1|+m2x-3+C

=tnjx+1fpx-3)+c

=8x-17

I5x+l4
*+7x
é+L=5x+14
x x+7
A(x+7)+Bx=5x+14
x=~1, =1B=5(-7)+14
-7B=-21
B=3
x=0, A(0+7)=5(0)+14
TA=14
A=2

j(3+—3—)dx

x x+7
=2Inx+3In(x+7)+C
=]n(x2|x+7|3)+C

dx

15. [dy=

16.

17.

Section 6.5

j-2x—6

dx
x2-2x

Av B 26
x x-2
A(x-2)+Bx=2x-6
x=2, 2B=2(2)-6
2B=-2
B=-1
x=0,A(0-2)=2(0)-6
-2A=-6
A=3

2.2

y=3|n|x|—ln|x—2|+C

jdu =

A B

x+1 x-1
A(x-D+B(x+1)=2
x=1, B(l+1)=2
2B=2
B=1
x=-1, A(-1-1)=2
-2A=2

Ax+Dx-1+Bx(x-1)+Cx(x+1)=2
x=1, 2C=2

c=1
x=-1, 2B=2

B=1
x=0, -A=2

A==-2

j __2+__.1_...+._1_ dx
x x+1 x-1

F(x)==2Inx+In|x+1|+In|x-1]+C

F(x)= ln[| -ll] Cc
x

297
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18. [G'(ydt= Ld:
t

2
£ —t)2

23—
2t

-j2+—dt

—2t+j—dt

A(z+1)+B(t D=2
t=-1, B(-1-1)=2
-2B=2

) B=-1
t=1, A(l+1)=2
2A=2

A=1

1
G(t)= 2t+’[((7-ﬁ m)dt

=2t-Injt-1+In|t+1]+C

t+1

=2t+In[—|+C

t—

2x
x2-4

u=x*-4
du=

1. |

J‘i—u=lnu+C=lnix2—4|+C .

4x-3
2x% -3x+1
u=2x*-3x+1
du=(4x-3)dx
Id—u=1nu+C
/3

=1n|2x2-3x+1|+C

2. |

2 +x-1
x‘-x
1
xz—xix2+x—l
xt-x
2x-1

j(l+ 2f-l)dx

X =X

21. dx

u=x>-x
du=(2x-1)dx

x+Jﬂ=x+lnu+C

—xlnlx —x|+C

2 | xzzxj 1

2x
x2-1)2x3
2x%-2x
2x

I(2x+ 2x1]dx

x.—

u=x2-1

du=2xdx
du

2+ |—

u
=x*+Inu+C
=x2 +ln|x2—l|+C

23. (a) 200 individuals.
(b) 100 individuals.

dP(100)
dt

(c) =0.006(100)200-100)

=60 individuals per year.

24. (a) 700 individuals.
(b) 350 individuals.

© —— dP(350) =0.0008(350)(700-350)

= 98 mdlvnduals per year.
25. (a) 1200 individuals.

(b) 600 individuals.
© —— dP(600) = 0.0002(600)(1200-600)

= 72 mdwnduals per year.-
26. (a) 5000 individuals.
(b) 2500 individuals.

dP(2500)

© dt

=107%(2500)(5600-2500)
=62.5 individuals per year.

27. % =.006 P(200-P)

dpP
I—P(ZOO 5 [-006 ar

A.__B

—4 =

P 200-P

A(200-P)+BP=1

P=200, 200B=1
B=0.005

P=0,A(200-0)=1

2004=1

A=0.005

0.005 _0.005
-4 =0.
j( 5 ZOO_P)dP 0.0061

11

1 dP=12
I(1u'+2()()-1=) g
In P~1n (200- P)=1.204C
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27. Continued
ln(ZOO—P)=—].2t—C
P
200, _ 12 e
P
200 1+e7 12 g
P
200 147120 ¢
8
e ‘=24
200
7
7/
14
3
P4
2 ARSI 8 s e |
[-1, 7 by [0, 200}
dpP
28. -Z =0.0008 P(700- P)
dpP
——— = | 0.0008 dt
'[ P(700-P) '[
AL B
P 700-P

A(700-P)+BP=1
P=700, 700B=1

B=0.0014
P=0, A(700-0)=1
A=00014
0.0014 0.0014
=" |ap=0.
j( 5 700_P)d 0.0008¢

1 1
—+ =0.
J-(P 7 _P)dP 0.56¢
In P-In(700-P)=0.56:+C

m(mp"P):—o.sex—c

700 _ | 0560 e

(7t ol ol ok sl ket

(-1, 15] by [0, 700]

Section 6.5 299

29, —Z—f—= 0.0002 P(1200-P)

dP
jm_jo.ooozd:
A0
P 1200-P
A(1200- P)+BP=1

P=1200, 1200B=1

B=0.00083
P=0,A(1200-0)=1
1200 A=1
A =0.00083
0.00083 0.00083
_[( 5 +700_P)dP—0.0002:

1 1
= dP=0.24
I(P+1200-P) !

In P-1n (1200~ P)=0.24t+C
ln[lzoo-P
P

)=—0.24:-—C

1200_1=e-oz4r e
P

1200 =142

1200 _, . 020

I P(sotti)z—P) -

107 ar

A B
—_————
P 5000-P
A(5000~ P)+BP=1
P=5000, 5000B=1
B=0.0002
P=0, A(5000-0)=1
5000 A=1
A=0.0002
I(o.oooz+ 0.0002
P 5000-P

1

)dP=10‘5t

11
1, dP=0.
I(p SOOO-P) 031



300 Section 6.5

30. Continued
In P-In (5000~ P)=05t+C

m(sooﬂ'P)po.s:-c

5000, _ o5t
P
2000 _ 14 e0st g
P

”r
’7
47
’2
’7
7/
rr
sl

[-1, 200] by [0, 5000]

1000
31.(a) P(r)= 14 28071

_ 1000

‘1 44807

M
1+ Ae™®

This is a logistic growth model with k=0.7 and
M =1000.

1000

Inmally there are 8 rabbits.

200
32. (a) P(t)= 'l—;e—SB_—'
200

l+e53 ~

M
1+A4e7®

This is a logistic growth model with k=1 and M = 200.

(b) P(O)- 200 5=1

Imtlally 1 student has the measles.
33. (a) d—P =0.0015P(150- P)

—%P(ISO P)
15
=—P M-P
2 e )
Thus, k=0.225and M =150.
p= M

1+ Ae™®
150

= 1+ Ag-0225

Initial condition: P(O) 6
_ 150
1+ Ae°
1+A=25
A=24

Formula: P=

—-0.225¢t=—-1In 48

In 48
= ——=17.21 weeks
= 0225

150

14247025

14+24¢7025 - 8

125=

248-0.22.'” _ 1

02250 _ _1

120
-0.225t=-1n 120

In120
0225 - 218

It will take about 17.21 weeks to reach 100 guppies, and
about 21.28 weeks to reach 125 guppies.

t=

34.(a) d—P =0.0004P(250- P)

—P2
250 250-F)

=—P(M—P)
M
Thus, k=0.1and M =250.
M

T 1+ Ae™
250

= 1 + A e—o.lt
Initial condition: P(0) =28, where ¢ = 0 represents
the year 1970.
250

28= 5
1+ Ae
28(1+ A)=250

A=—-1— 1 =~ 7.9286

28
250

141119714
250

14+7.9286¢7 %"

Formula:P(z) = ,Or approximately

P@)=



o~

34. Continued
(b) The population P(7) will round to 250 when
P(r)2249.5.
249.5= 250

1+111e7%4/14
0.1t
249.5[1+ “11"4 ]:250

(249.5X111¢™%)
14

=0.5

~ 55,389

14
1 =In——
0 lr=ln e

t=10(n 55,389-1n14)~82.8
It will take about 83 years.

dpP
35, —=kP(M-P
o ( )

e = 14

,[ dP
P(M-P)
Q R =1

=+
P M-P
RP+Q(M-P)=1
P=0,MQ=1

= [kt

T 1+ A

dP
36. (a) s k(M - P)

-In(M-P)=kt+C
M-P=¢®¢*
e‘=A
P=M-Ae™®

®) ‘li_)m;P(t) =M-Ae*=M
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(c) When ¢=0.

(d) This curve has no inflection point. If the initial
population is greater than M, the curve is always
concave up and approaches y = M asymptotically from
above. If the initial population is smaller than M, the
curve is always concave down and approaches y =M
asymptotically from below.

37. (a) The regression equation is
2327399
1+14.582¢70-10¢

(-5, 70] by [~24000, 260000]

232739.9
1+14.582¢70-101=)

_ 2327399
1414.582¢7010
232739.9
14.582¢7 0100 - === _
225,000
e-O.lOlr = '0024

-6.05
t= =60 or 2010.
Zoa01

(b) P(0) = = 232,740 people.

)P

1

@ l:—l: =kP(M — P) = (4.352x1077)P(232739.9- P).

38. (a) The regression equation is
_ 4587918
1+18.771e011¥

458791.8
1+18.771¢ 013

458791.8
(© P=—"""""
1+18.771e7011¥

458791.8
18-771 -0.113¢ =070
¢ 450,000
e—O.ll3r - 0.001
—6.87

1=
-0.113

() P()= = 458,792

1

=60 or 2010.

@ %?— =kP(M - P)=(2.4626 x10~")P(458791.8 - P)

39. False. It does look exponential, but it resembles the solution
o % = kP(100 - 10) = (90K)P.
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40. True. The graph will be a logistic curve with
lim P() =100 and lim P(f)=0.
1—yoo f—p—00

41.D. % =300,

dy(e°) 0.9
42.B. = =09
dt  1445¢7015)
(1.0-09)100=10%

3
2 (x—1Xx+2)

43.D.

A(x+2)+B(x-1)=3
x=-2, B(-2-1)=3
-3B=3
B=-1
x=1, A(l+2)=3
3A=3
A=1

4.B.

45. (a) Note that k > 0 and M > 0, so the sign of % is the

sameas the sign of (M~ PY(P-m). For m < P < M, both
M-~ P and P- mare positive, so the product is positive.
For P< mor P> M, the expressions M—Pand P-m
have opposite signs, so the product is negative.

®) "—P—L(M PXP—m)

dP
—=——(1200— PXP-100
dt 1200( X )

1200 P _
(1200- PYP~100) dr
1100 dP _11

(1200-PXP-100) dt 12
(P-100)+(1200~P) dP _ llk

(1200-PXP-100) dr 12

1 1 1 ap 11
1200-P P—100)dt 12

j(lzo; PP lloo)dp J—kd'
—~1n|1200- P|+In|P - 100|-—kr+C
lP 100|_11
1200-P| 12
P-100 _, c 1umnz

1200-P
P-100 _ 1wz

1200-P

P—100=1200A4¢" /12 _ g pglikn2z /‘\
P(1+Ae“h”2)=1200Aellh“2+100
1200412 4100
T 1y AL 2
120044100

1+ Ae°
300(1+ A)=1200A +100
300-100=1200A 3004
200=900A
az?
9
1200(2/9)e' *¥/12 4+ 100

1+ (2/9)81 1ke/12
1200(2)e' *¥/2 +100(9)
9+ zellhllz

k12
P@ny= 3008 mun: 2
9+2¢

(d)IS22Do0a5nnNy
S e

(©) 300=

P(t)=

P(n)=

[0, 75] by [0, 1500]
Note that the slope field is given by

4P _ 01 1200 PYP-100)
ar 1200 ~
© Pk M-PXP-m) |
i M
M ap

(M—PXP—m) dt
M M-m dP
M—-m(M—PXP—m) dt
(P-m)+(M~P)dP _M-m
(M~PXP-m) dt M
( 1 1 YdP M-m
+ £ - k
M-P P-m

d M

] 1 dpj' Pk dr
M- P P -m
—ln|M—P|+ln|P—m|= “kt+C
P-m|_ M- mkt+C
M-P| M
Pom _ | -mpaim
M-P
P-m (M—m)kaeiM
il Uy}
M-P °

P—m= (M- P)AeM-mkM
P(l+ Ae(M-m)IdlM) = AMe(M—m)k/M +m
AMeM-mkiM . 1y
1+A e(M—m)lalM
P(O) = AMe® +m _ AM+m
1+4¢° 1+A 7




45. Continued

©  pOX1+A)=AM+m
A(P(0)— M) =m— P(0)

_m—P(0) _P(0)-m

P(0)-M  M-P(0)

Therefore, the solution to the differential equation is
_ AMMmRM |y P0)-m
1+ AgM-miM M- P(0)

where A=

46. (a) tan"( )+c

®) —ln x+a +C
1
() ———+C
x+a

47.(a) 51n]x+3|+—1—5—+c
x+3

15
®) —x+3 2(x+3)2

48. (a) This is true since
A B C _Ax- 1) +B(x-D)+C
a1 x-1? x-1° (x-1°

Ax=-1?+B(x-1)+C=x*>+3x+5
x=0, A-B+C=5
x=1, C=9
x=2, -2A+B=3
A=1
1-B+9=5
B=5

®

A

9
In 1-—-
(c) lx I -1 2(x 1)2
Quick Quiz
1.C.

2.C.

3.A IL
Tl - +3)

AL B _

x=1 x+3

A(x+3)+B(x-1)=1

x=-3, —-4B=1
B=-1/4

x=1, 4A=1
A=1/4

j 1/4+—-ll4 dx
x-1 x+3

x- 1
x+3

VM End
4

Chapter 6 Review

dP_P(10-P
at s\ 10

ooy

P10-P) 750

A B

—4 =

P 10-P

A(10-P)+ BP=1

P=10, 10B=1
B=0.1

P=0, 10A=1
A=0.1

J'(%+ 0.1 )dP:iHC

10-P 50

ln'l—o—_—g\= -1/5t-C
P
10
14~ 151,-C
10

O A @
A=233

10
PO = =
10
(b) P(0)=20= 17 Ae V50
A=5.66

10
IimP(t) = —m7878————=
PO = {5 66T

P=

(c) Separate the variables.

dy 1
Z=c1-—=|ar
T

mr=t-t ic
5 100 !

Y = Cet/5-21100

3=Ce®=C=3
¥ = 3¢45-121100

c
whereC=e!

3 el’/S 3el/5
(@ lim 3675190  Jim 5 = jim =
1—e 121100 t—)-( tlS)'

Chapter 6 Review Exercises
1. [sec?6 do=tan6];

; /3 tan%—tan0=\/§

303
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3. Letu=2x+1 8. Letu=Inr
du=2dx 1
du=-dr
1 r
-idu=dx .
€ r 7]
dr=| u'“du
J-l 36 ; =18 3—1?du L ’ J-O
0(2x+1) 1y 2 1
=2,pn
1 o 3
=18} -= lu 2
2) & =301-0)
1
=-9| ——1 _2
9 "3
-(5) St
3 0x?+5x+6
__*x
4. Let u=1-x* (x+3Xx+2)
du=-2xdx A B _
—du=2xdx x+3 x+2
L sinl— v dy= — Ui - A(x+2)+B(x+3)=x
I_Imen(l x“)dx Iosmudu 0 x=-2, B(-2+3)=-2
5. Letu=sinx B=-2
x==3, A(-3+2)=-3
du=cosxdx —A=-3
J'isinmxcosxdx:jISumdu A=3
0 0 3 2
2 x+3 x+2
=5 e 2,2 ; " 256
5 =mu+3—mu+m|=m-——
=2(1-0) o (243
) =2 10 J'Z 2x+6
6 [0 Z 3 g [* (x43)dx(z20) 1x?-3x
7z x v 2x+6
(o]
) 12 1) 3 %+—B3=2x+6
x—
=(5(16)+3(4))‘(5(z)+5] AGc—-3)+Bx=2x+6
1 12 x=3, 3B=2(3)+6
=2o—(-+-—) B=4
8 8 x=0, A@0-3)=20)+6
=20-13 -%fz
=147 222 4
8 ) PR
7. Letu=tanx . ==2Inx+4In(x-3)] =—6n2
— spp?
;T sec” xdx l 11. Letu=2-sinx
j e'““seczxdx=foe"du du=—-cosxdx
0 u]:, —du=cosxdx
=e
cosx 1
=e'-e j2—sinxdx_-'[;du
=e-1 =—ln|u|+C

=-In|2-sinx|+C



12.

13.

14.

15.

=%Gx+4f”+c

Letu=1>+5
du=2tdt

lafu=rdr
2
tdt 1
2+5 2
=lln4r2+5|+c
2

j1w=lmM+c
u 2

=%m@+$+c

Letu:l
e

1

du= —?dﬁ

ja%sec%tanéd9=—_[sec utan u du

=—secu+C
1
=-sec—+C
o
Letu=Iny
du:ldy
37
tan(l
de)m Itanudu
y -
=Ismu i
cosu
Letw=rcosu
dw=—sinudu
=—I—I—dw
w
=—1n|w|+C
=—ln|cosu|+C

= —ln!cos(ln y)|+ [

Chapter 6 Review

16. Let u=e*
du=e"dx
J.e" sec(e’)dx=jsec udu
= 1n|scc u+tan u|+ C

= ln|sec(e"') +tan(e®)

17. Let u=Inx

du=ldx
x

dx 1
Jxln.:: = I;du
=In[u|+C
= ln’lnx|+C
dt dt
l&jﬁﬁz 7
=I:'3’1dr
=2+

2
=——=+C
Ji

+C

305

19. Usetabular integration with f(x) = x*and g(x)=cos x.

flx) and its g(x) and its
derivatives integrals
r & cos x
3-\:'2 (__) sin x
6x ( +) —<0s X
6 (_) —sin x
0 cosx
I x> cosxdx

3

=x*sinx +3x% cosx—6xsinx—6cosx+C

20. Letu=Inx  dv=x*dx
1 1

du=—dx p=—x>
x 5

Jx" Inxdx= lxs lnx—flxs l dx
5 5

1 5 1 4
=—x"Inx—=|x"dx
salEl
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21. Letu=e>* dv=sinxdx
du=3¢*dx v=-cosx
e sinxdx =—e>* cosx +I3cosxe3" dx
Integrate by parts again
Letu =3¢> dv=cosxdx
du=9¢>* dx v=sinx

J‘e3‘ sinxdx = —e°* cosx + 3¢ sinx —I9e3" sinxdx

10_[e3” sinxdx =—e°* cosx +3¢> sinx+C
3 1 a4 3x
Je smxdx:m[—e cosx+3e” sinx]+C

- [3sinx _ cosx)e3, +C

100 10
22, Let u=x" dv=edx
du=2xds  v=-se>

J‘xze_3Jr dx= —lxze_:” + ZJ'e_a"xdx
3 3

Let u=x dv=eax
du=dx ML
3
= —1x2e_3" +Z —lxe'l‘ +lje'3’dx
3 31 3 3
___;_x28-3x_%xe—3x+§je-3xdx
__%xze-sx_%xe—ax_%e-ax_,_c
= _x_z__2_x_ 2 e +C
3 9 27
25
23. dx
Iﬁ—ﬁ
25
(x+5)x-5)
_11_+_£1_=25
x+5 x-5
Alx-5)+B(x+5)=25
x=35, B(5+5)=25
10B=25
B=5/2
x=-5, A(-5-5)=25
-10A=25

A=-5/2

25.

=5/2 5/2
+——— |dx

J{x+5 x—S)

5 x—5+c

= =In|—=
2 |x+5

J- Sx+2
2x 4+ x-1
S5x+2
Cx=1Xx+1)

A(x+D)+B2x~-1)=5x+2
x==1, BQR(=1)-1)=5-1)+2
-38=-3

= %ln|(2x—l)3(x+l)3|+C

2
Q=l+x+x—
2

2
dy=(l+x‘+x?)dx

jdy:j(1+x+x—22]dx

1 2 1 3
=x+— +-x"+C
y=Xx 2x X

¥0)=C=1

3 X2
=—+—+x+l

2

Graphical support:

a\h

LN SO
NN
AR ARAY

AR LY
N
T Y, g, Y e
[POR) [N R

-~ g
NN
AR Y
AR %Y

NSNS

[-4,4] » 3]

«
—
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2
iy__ 1 =—lcsc29+C
26. dx_(x+x) y 2
2 E):——+C=l
dy=(x+—l-) dx y(4
x 3
C==

X
1 3 -1 WP P e
y=3x +2x-x""+C ‘5:::::::
P o -~
-

{0, 1.57] by [-5, 3]
2,900 5 L
X

dy) =(2x - iz)dx
X

, 1
Id(y):_[(z.x-x—z)dx
y=xt+x1+C
y()=2+C=1
C=-1
y=xt+x-1

jdy: Jo*+x-nax

y=§x3+lnx—x+c

y(l)=%+0-l+C=0

2
1 -=+C=0

=[—d
Idy It+4 ‘ 3 2
y=Injt+4]+C c=3
y=3)=In+C=2 e )
C=2 y=? lnx—x+§
y=In(t+4)+2
Graphical Support: Graphical support:

3
Letf(x)=-x§-+lnx—x+§.
Wefirstshow thegraphof y= f'(x)= x>+ x~' -1, x>0,
along withtheslopefieldfory’ = f”(x)=2x - Lz
X

[-4.5, 5] by [-2, 5]

28. & =c¢sc28cot26

de
dy=csc20cot20d6 WW=zzZZzzZz222

J dy= fcsc 20co0t26d6 {-0.5, 4.21] by [-9, 21]

\
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29, Continued dy
We now show the graph of y = f (x) along with the slope field 3L Pt Al 2
fory = f'(x)=x*+x7"'-1. dy
= —dx
: y+2
N dy
~ D —(dx
N In|y+2|=x+C
~ y+2=Ce*
[-0.5, 4.21] by [-9, 21] y=Ce* -2
ey , »0)=C-2=2
30. =—cost Ced
d(r”"y=-costdt y=4e*-2
.[ d(r)= ,[ —costdt Graphical support:
r’=—sint+C
r’(0)=C=-1
r”=-sint~1
[dey= [ =sine-1ydr
r'=cost-t+C
r'y=1+C=-1 [-5, 5] by [-5, 20]
C=-2 &
r'=cost—t-2 32. Z=(2x+1xy+1)
[dr=[cost—1-2ar dy
2 =@+ Ddx
r=sint=—-~2t+C y‘;)',
r0)=C=-1 Iy—+i=J(2x+l)dx
2
r=sint—t—2--2t—1 In|y+l|=x*+x+C
2+
Graphical support: y+1=Ce* **
” . =Cex2+x_l
We first show the graph of y=r"=-sins-1 ly-C =1
along with the slope field for y’ = r"” = —cost. ¥ c? ; ) =
AN YA 2
NS A AN N y=2e" -1
NN |
m/ EE" Z i Graphical support:
Nt Ny

[-6, 4] by [-3, 3]
Next, we show the graph of y=r"=cost—1-2
along with the slope field fory’ = r” =—sint—-1.

w | A rrr
LIV IS

dy
] y(1-y)
A B
2 —t——_=
Finally we show the gmphofy:r:sint—?—h—l y l-y
along with the slope field fory’=r"=cost-1-2. :(=ll—y)+B;:}
y=0, A=1

///Z/// /s

’/.'—‘:;'rr.p- brr
RUSR——— P

[-6, 4] by [-8, 2]
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33. Continued

1 1
—t—=1
y 1-y

11
—+——dy=|dt
y 1-y I
Iny-hli-)=¢+C
=Y

=—t-C

& -
proi 0.001y (100-y)

dy
—
0.001y (100-y)
A B
+ =1
0001y 100-y
A(100-y)+ B(0.001y)=1

y=100, B(1)=1
B=10

_y=0, 100A =1
A=001

001 . 10
+ dy=x+C
J'(o.oou lOO—y) yEE

0001 . 1
+ dy=0.1x+
I(O.OO]y lOO—y) y=0lx+C

Iny-In[100-y=0.1x+C
100~y
y

=-0.1x-C

.

@__1 =0l
y
100

y= 0ix

1+ Ae

100

Y
A=19
y=100

1+19¢7%1*

35, y=_[:sin3tdt+5

36.

={* 4
y—-L 1+£% dt+2
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39. Graph (b).
40. Graph (d).
41. Graph (c).
42, Graph (a).
43,
(x.) :x—y=x+y—1 Ax Ay=%Ax (x+Ax, y+Ay)
(Ln 1.0 0.1 0.1 (1.1, 1.1
(1.1, 1.1) 1.2 0.1 0.12 (1.2, 1.22)
(1.2, 1.22) 1.42 0.1 0.142 (1.3, 1.362)
y=1.362
44,
(x,y) %=x-y Ax Ay:%m (x+Ax, y+Ay)
(1,2) -1.0 -0.1 0.1 09,2.1)
0.9, 2.1) -1.2 -0.1 0.12 (0.8,2.22)
(0.8,2.22) -1.42 0.1 0.142 (0.7, 2.362)
y=2362

45. We seek the graph of a function whose derivative is snx

X

.. . sinx , -
Graph (b) is increasing on [-&,#], where —— is positive,
p

and oscillates slightly outside of this interval. This is the
correct choice, and this can be verified by graphing NINT

sinx
_’x$
x

0, x).

46. We seek the graph of a function whose derivative is e-2.

Since e-x2> 0 for all x, the desired graph is increasing for
all x. Thus, the only possibility is graph (d), and we may
verify that this is correct by graphing NINT (e-2, x, 0, x).
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47. (iv) The given graph looks the graph of y = x?, which

satisfies £iX: 2x and y(1)=1.
dx
48. Yes, y = x is a solution.
49. (a) ﬂ =246t
dt

[dv=[@+6r)dr

v=2t+32+C

Initial condition: v=4 when¢t=0
4=0+C

4=C

v=21+32+4

(b) j(: We) dt = j;(2:+3z2 +4)dt

1
= [12 +2+ 4t]0
=6-0
=6

The particle moves 6 m.

In2

51. (a) Half-life=

2.645=—

In2
k= =(0.262059
2.645

(b) Mean life = % =3.81593 years

5. T-T,=(T,-T)e™
T -40=(220—-40)e™*
Use the fact that T=180and ¢t =15 to find k.
180-40 = (220 - 40)e™*X19

T - 40 =(220-40) o~ (15) In O/ T
70-40=(220- 40)e-((1/I5) In (9/))

LD IO _ 180 =6
30

—1—ln2 t=1n6
15 7

(= 15In6 _
In(9/7)

107 min

It took a total of about 107 minutes to cool from 220°F to
70°F. Therefore, the time to cool from 180°F to 70°F was

about 92 minutes.

53. T-T,=(T,~T,)e’™"
We have the system:
39-T,=(46-T,)e"™*
33-T,=(46-T,)e "
39-T, 33-T,
Thus, s _ —10k d S - ~20k
us, _46-7; 107 an _46—T, e

Since (e7'%)% = ¢ this means:

39-7,) _33-T,
46-T, ) 46-T,
(39-T,)* =(33-T,)(46-T,)
1521-78T,+ T2 =1518 79T, + T?
I,=-3
The refrigerator temperature was —3°C.
54. Use the method of Example 3 in Section 6.4.
e =0995
~kt =1n 0.995
5700

1
=——=In0.995=-~——1n0.995=41.
P 99 2 0.995=41.2

The painting is about 41.2 years old.

55. Use the method of Example 3 in Section 6.4.
Since 90% of the carbon-14 has decayed, 10% remains.

e =01
—kt=n0.1
1 5700 .
t=—=In0.1=-""1n0.1=18,
p mmm 935

The charcoal sample is about 18.935 years old.
56. Use t =1988-1924 = 64 years.

250" =7500
e" =30
rn=In30
= In30 - In 30 ~0.053
t 64

The rate of appreciation is about 0.053, or 5.3%.

57. Using the Law of Exponential Change in Section 6.4 with

appropriate changes of variables, the solution to the
differential equation is L(x) = Lye-k, where L, = L(0) is
the surface intensity. We know 0.5 = e-18k, so

k= % and our equation becomes

x/18
L(x)= l.oe°“ 05)x/18) . L, (%) . We now find the depth

where the intensity is one-tenth of the surface value.

™
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57. Continued

x/18
o.1=(l)
2
n0.1=<m| L
18 (2

181n0.1
= ~59.8 f
"= "hos

You can work without artificial light to a depth of about
59.8 feet.

dy kA
7 V(c y)

ﬂ.q."ém

c-y 1%

58. (a)

—ln|c—y|=%t+c

Injc-y|= —%:—c
lo— y| = ami-c

~(kAV)-C

~(AV)I-C

—(kAIV )t

c—-y=%e
y=cte
y=c+De
Initial condition y = y, when t =0
Yo=c+D
Yo—c=D

Solution: y=c+(y,—c) o~ (KA

(b) ‘ll’m y(o) = llim [c+(yy—c)e ™) =¢

150 150
59. (a) p(t) = =
P 1+e*  1+e*3e

This is p=Lk' where M=150, A=¢*?,and k=1.
1+ Ae”

Therefore, it is a solution of the logistic differential

equation.

dp k dp 1
——=—P(M-P — =—P(150- P). Th
dr =g T M P or g = 15 PUS0=F). The
carrying capacity is 150.

150
b) P0)=———==2
®) PO=—=3

Initially there were 2 infected students.

150
(C) :em =125

O 4t
5
I_ e

w

~-In5=4.3-¢
t=4.3+In5=5.9 days.
It took about 6 days.
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60. Use the Fundamental Theorem of Calculus,

, dfx. 2 d{ 3
y —Z(J.o sint dt)+z(x +x+2)
=(sinx?)+(3x2 +1)

w_d . 2 2
=—(sinx" +3x"+1
y dx( x°43x7+1)

= (cosxz)(Zx) +6x
=2x cos(x?)+6x

Thus, the differential equation is satisfied. Verify the initial
conditions:

¥ (0)=(sin0%)+3(0)* +1=1
)’(0)=L;)Sin(t2)dt+03+0+2=2
dP P
61. —=0.002P| 1- —
dt 00 ( 800)
dp (SOO—P]

— =0.002P
dt 800

800
P(800—-P)
(800~-P)+P
P(800-P)

j(%+ 800‘_ PJdP = [0.0024r

dP =0.002dt

dP =0.002d:

In|P| - In|800 - P|=0.002: + C
P
=0.002t+C
800-P
n2%0=Pl_ _5002-c
P
800-P| _ £-0002i-C
P
800-P _ ¢ 000
P
800 _ | _ o000
P
800
T 14+ Ag0002
Initial condition: P(0)=50
50= 800 .
1+ Ae
1+A=16
A=15
800
Solution: P=——————
141570002

62. Method 1-Compare graph of y, = x? In x with
3 3
a ;"" —%]. The graphs should be the same.

Method 2-Compare graph of y, = NINT(x2 In x)

3
- % The graphs should be the same or

Y = NDER(

lnx
3
differ only by a vertical translation.

with y, =
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63. (a) 20,000=10,000(1.063)"

2=1.063'
In2=¢In1.063

=11.345

_ In2
In1.063
It will take about 11.3 years.
(b) 20,000 = 10,000¢%%*
9 = (0063

In2 =0.063¢

t= In2_ =11.002

0.063
It will take about 11.0 years.

N L
64.@) f'(x)=—- [ (o) dr=utx)
§0=2 [ u) dr=uo)

(b) C= f(x)—g(x)
= j;‘ u?) dr— L’u(x) dt

= jx u(t) dt+ jau(t) dr
()3 x
= J’O u(f) dt
272286.4
65. (a) The regression equation is y= —————————,
@ & o ¥ = 4 302.69¢ 7%
The graph is shown below.

(b) y(eo)= 2722864 =272,286 people.

1+302.69¢™0-2095()
© % =7.694x 107" P(272286.4— P)

(@) The carrying capacity drops to 267,312.6, which is
below the actual 2003 population. The logistic
regression is strongly affected by points at the extremes
of the data, especially when there are so few data points
being used. While the fit may be more dramatic for a
small data set, the equation is not as reliable.

66. (a) T=79961(09273)'

\

[-1, 33] by [-5, 90]

(b) Solving T'(t) = 40 graphically, we obtain ¢ =9.2sec.
The temperature will reach 40° after about 9.2 seconds.

(c) When the probe was removed, the temperature was
about T'(0) = 79.76°C.

67. (a) % of the town has heard the rumor when it is spreading

the fastest.

Y -
®) J 1.2y(1-y)
AL B
12y 1-y
A(l-y)+1.2yB=1
y=1, B=0.83
y=0,A=1

[

1 1-

=Y =12
1.2y

1- 12 ~
y 1 2e=C

1.2y
y:

1

1+ A7\
1
0= 1+ Ae~12©@
A=9
1

T 140e

1 1
¢) -~ =—————
© 2 T
Solve for ¢ to obtain

L;B—J .83 days.

68. (a) Zp k(600 — P). Separate the variables to obtam

In|P— 5oo| —kt+C,
P-600=Ce™®
200~ 600 = Ce® = C = —400
P-600=-400e™"
P(r)=600-400e™*

(b) 500 = 600—400¢~% 2

1/4=¢%*
k=1In2=0.693

(¢) lim(600—400e7%%%") =600
t—yo0



69. (a) Separate the variables to obtain

Ly
v+17
In|v+17|= -2 +C,
v+17=Ce™
—47+17=Ce® = C=-30
v+17=-307%
v=-30e"2 -17

(b) lim(-30e™% ~17) =~17 feet per second
—yo0

(€) —20=-30¢"% -17

t=l—nzl—0zl.151 seconds

Chapter 7
Applications of Definite Integrals

Section 7.1 Integral as Net Change
(pp. 378-389)

Exploration 1 Revisiting Example 2

8 £ 8
L s(t)=|| 2~ dt=—+—
(1) j( (;+1)2] THotC

s(O)—0—3+i+C-9=>C-l
3 0+1

# 8
Thus, s(t)=—+—+1.
3 1+l

3
2. s()= 1—+i+ 1= E This is the same as the answer we
3 1+1 3

found in Example 2a.

3
3. 505= % + % +1=44. This is the same answer we found

in Example 2b.
Quick Review 7.1

1. On the interval, sin 2x =0 when x =—§, 0,or % Test one
. . 3r .
point on each subinterval: for x = -5 sin2x =1; for
Xx= —E, sin2x =-1; forx = E, sin2x = 1; and for
4 4
3z . . .
x= e sin2x = —1. The function changes sign at

b 4 T
——,0,and —. The graph is

2 2 grap
_f®

2

X

b
|
[SIE T o
(=]
Iy 4=
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2. x2-3x+2=(x— 1)(x-2)=0whenx=1 or 2. Test one

point on each subinterval: for x=0, x? =3x+2=2;for

x=%,x2—3x+2=—%; andforx=3, x2-3x+2=2,

The function changes sign at 1 and 2. The graph is
fx)

+ - +
} +— x

2 1 2 4

3. x?=2x+3=0 has no real solutions, since b’ — 4ac =
(—2)2 —4(1)(3) =-8 < 0. The function is always positive.

The graph is
fx)
t +—x
—4 2

4. 2x% -3x2+ 1= (x=1)>(2x + 1) =0 when x=—-;— or 1.

Test one point on each subinterval: forx=-1,
23 -3x + 1=—4;forx=0, 2x>-3x*+1=1; and

x= —%, 2x> —=3x2 +1=1. The function changes sign at

—%. The graph is
] - L + , + |f(X)
T L T T X
-2 _1 1 2
2
5. On the interval, x cos 2x=0 when x = 0,%, %’i, or §4£

. . 4
Test one point on each subinterval: for x = 3

XCos2x = ”162 Jforx= %, xcos2x = —%forx: 7;,\/5

xcos2x =x; andforx =4,xcos2x=-0.58. The function

changes sign at —75, 2’5 and-'?i. The graph is
4" 4 4
1 + ] — 1 + |-|f(X)
1 T T T X
0 by 3 w4
4 4 4

6. xe~* =0 when x = 0. On the rest of the interval, xe™* is
always positive.

7. T =0whenx =0. Test one point on each subinterval:
x“+
for x=-1 ——l'forx—l = .1 The function
x4l 2] T4l 2
changes sign at 0. The graph is
Sf(x)
L + 1
— y X
-5 0 30
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2 —
xz 2 =0whenx= i\/i and is undefined when x = 2.

x“ -4
Test one point on each subinterval: for
£2
=3 222 W 10572 4y,
2 x2-4 9 x*-4
x2-2 1 -2

=—;forx= 19
x*-4 2

2 —
andforx = ; x =2 = —191 The function changes sign

forx=0,—— =—4.13;

at-2, —\/-2-, \/5 and 2. The graph is
S

P el + il SN
-3 22 V2 2 3

9. (1 Ji-sin )
b cos l+|oosx|

x=0.9633+kn or 2.1783+ kx for any integer k.

Test for x=0: sec(1+,/1—sin20)= ~2.4030.
Test for x =*1: sec(w,h-sin2 1) ~32.7984. The sign

alternates over successive subintervals. The function
changes sign at 0.9633 + k7 or 2.1783 + k zr, where k is an

integer. The graph is

X

is undefined when

f&x) -

— + 3 — i + [ x

—2.1783 —0.9633 09633 2.1783

10. On the interval, sin l =0whenx= —l- or L Test one
X I 2«

point on each subinterval: for x=0.1, sm( ]=—0 54,
X
forx=0.15, sm( ) 0.37; and forx=0.2,

sm(—l-) = —0.,96. The graph changes sign at -!—, and !
x

3n 2
The graph is
fx)
L S —x
01 L 1 0.2
3 2T
Section 7.1 Exercises

1. (a) Right when v(t) > 0, which is when cos ¢ > 0, i.e.,

when 05r<%0r37”<t52m Left whencos t < 0,

i.e., when % <t< gg— Stopped when cos ¢t =0,

i.e., when t—Eor3—”
2

(b) Displacement =

IMSoostdt:S[sint]z“ =5[sn27-sin0]=0
0 0

(c) Distance = j:” ISoostldt

nl2 3x/2 2z
=_[ 5costdt+j —Scostdt+j Scostdt
0 nl2 3n/2

=5+10+5=20
2, (a) Right when v(t) > 0, which is when sin 3¢> 0,

ie., when0 <7< 13‘- Left whensin3 <0, i.e., when
n n . .

3 <t S-z-. Stopped when sin 3t=0, i.e., whent=0
or 2

3
12
. m2 1
(b) Displacement = Io 6sin3tdt = 6[—3005 3:]:

= -2[00337’r —cosO] =2

ni2
(©) Distance = [ [6sin3d|ds

= [P6sin3rdr+ [ —6sin3rdr=4+2=6
0 nl3

3. (a) Right when v(2)=49-9.8t>0, i.e., when0<2<5.
Left when 49 — 9.8 < 0, i.e., when 5 <t < 10.
Stopped when 49 - 9.8:=0, i.e., when ¢ =35.

(b) Displacement = [ (49-9.81)dr
=[49t-4.9¢* ]Lo =49[(10-10)-0]=0
() Distance = [ |49-9.84|dr

5 10
=] @9-98nds+ [, (-49+98ndr
=122.5+122.5=245
4. (a) Right when
v(t)= 62 — 181+ 12 =6(r - 1)(t-2) >0,
i.e., when 0S¢ < 1. Left when 6(r - 1)(r-2) <0,

i.e., when 1 <t < 2. Stopped when
6(t-1)(t-2)=0,i.e., whenx=1,0r2.

(b) Displacement = jz(ﬁﬂ ~18t+12)dt

=[2r*-9¢? +12x] =[(16-36+24)-0]=4

(¢) Distance = _"02|6t2 —18¢+12|dt

= j;(6r2 —18t+12)dt+L2(—6t2 +18¢=12)dt
=5+1=6



