10.4
p. 811: 7-17 odd, 22, 23-27 odd, 29-30, 31-41 odd, 43-46, 49, 64, 70-73

T';. r—msﬁ t}{ﬁfifrﬁ{i
—| zrzdﬁfj' 1cos’ S'dﬁ—'j 1(1+cos26)do=1[6+1 szﬁf]

l( +1t 3)=E+W 3

=3
r=1f§'+cosﬂ, ml2<6=2m.
w2 2 i
A:j‘f’r%rﬁn%v: l(l] d8=J lﬂrzd8=l[—l}
&2 e . 218 a2 2 2 g &2

12
—l(Fd)=H(FH) =2

1. »=2+cos8, #/2=68=m.
T g T, . T, 3
—| Tr"df?:j =(2+cos8)” dH=J _ 7(4+4cos€+cos Sf]dé?
i &2

Jri2 - 2
—f [4+4cos€+2{l+00329]]d9=Ej(%+2(:-:}59+§(:0528)d8 =[56+2sin+ 5'“281.

9.

=(ZE+0+0)—(Z+2+0)=2£-

13. r=l\“_'['19, 1<8<2nr.
2 2 2 2
A=["1(Wn6yde=1["1inede=[1ome]" - [~ 1do L’u=(1fﬁ}a’& v=16

| (2. 72y

u=Ing dv=-d6

=[x In(27) 0]~ [16]" =z In(2z) 7 +1

_ 2)!]_ 7 _ Zfl o y
15. A=| 4r’do=["L(1-sin6)’do
=ij‘3(1—2sin€+sin23)2dﬂ=%_|.M(l—251n€+l(1—c0526))d6

_Elj ——251[1 H—TCOSEQ)JQ— 2[3 H+2cos-ﬁ'—;sm2€j

(1, ) _,a“_“'ﬁ-\xf.l.oll

2, 3ar/2)

=1[Br+2)-2|=2
(2, wi2)

17. 4=["1rde=["1(2—cos6)'do = "L(4—4cos6+cos’6)dE /_\\ |
1 3, 1 i1, 0)

—j 1[4-4cos8+1(1+cos28)]|dO = I (§—2cos@+4cos28)de B _

—[26—-2sin6+1sin26]" =(%—0+0)—(0-0+0) =%
(2, 3mw2)

22. The area of this petal is jﬂm%r‘z df = jﬂxf3351n39d9= [—CDSSH]ZB =—cos7—(—cos0)=1+1=2

choice (C).



23. The curve passes through the pole when
r=0=4cos38=0=cos30=0=>30=F+an=60+F+5n The

part of the shaded loop above the polar axis is traced out for @ =0to
8=m/6,s0 we'lluse—x/6andr /6 as our limits of integration.

r=4cos 3

4= st do-2 406 300

Al B 16 T
=16[ " 4(1+cos66)d6=8[6+1sin66 ] =8(%)
25. r=0=smd40=0=40=an = 0=4n.

4
7 T

A=[""L(sindoy do=1["sin’ 4646 = [ L(1-cos86)d6

={6-1sin86]  =1(£)=4n

27. "

ir

, This is a limacon, with inner loop traced
out between# =2 and 1= [found by

solving r = 0].

r=1++2sin #(rect.) r=1+ 2sin

= .

Ik
f
0 ?_w’\/zn i
=171 " v
ﬁ—[‘eﬁ— ==
plx/

1;.-'2] . 3 1 p 32 . .3 1 2 . 1 :
A=jﬂfll6?{1+25mﬂ} d€=?‘|wﬂ[l+4sm3+4sm 6)dé=1| ~[1+4sin6+4-1(1-cos26)]de

T Txl6

= 4[6-4c0s0+20-sin26] " =(%)-(E+B-L)=5-2F

] 4
29. The curve is completely traced for 0 <& < . The area is
N g T . : i . . . .
A= J:—E_,r‘ dé =%f ({i’sm 6’) dd — %Jt:rsur'3 @d86 , which is choice (A).
2 2J, 2
30. The curve is a 3-petal rose and one complete petal is traced out for £ <@ <3%. So the total area

bounded by the graph is
3( 7" 1(2c0s36) do=[ " 6cos’ 30d6=[36 +cos36sin36]y =(Z-0)-(%-0)=7, (O)

31. 4sinf=2=sinf=1=>6=Zor=

A=[""1(asin6) ~2*)do = [ " (8sin’ 0-2)d6

r=4dsin #

=2_[H-}: (8'%(1—C0523)—2)ﬂ'3=jf(‘l—ﬁcusza) de 2,32 (2.2)

A

=[46-4sin26]7 = (27 -0)-(Z-23)=%+23 !J




33. To find the area inside the lemniscate »* =8cos26 and outside the
circle r = 2, we first note that the two curves intersect when

#* =8cos2@and r = 2,that is, when cos 20=1%. For -7 <0 <nm,

cos20=1< 20=+x/30r tx/3 < @=xx/60r £57/6. The

figure shows that the desired area is 4 times the area between the
curves from 0 to 7z /6. Thus,

A=4["[4(8cos26)~1(2)* ]do =8 " (2cos 20 -1)de

=8[sin29—9]j’6=8(J§fz—:rfﬁ)=4ﬁ—4xf3
35. 3cosf@=1+cosf < cosf=1=>0=% or —I.

A= 2].::3{(3 cos 8)" —(1+cos8)’ ]a’ﬂ

= L’ﬂ(ﬁcnsz 8—2cos8-1)do = L’T’G[zl(] +CO0s 28)—20053—]]&’6

r=1+cos @&

wla

= ,":3(3 +4cos26—2cosf)dE = [39+ 2sin 26 — 2sin 5,];.-'3

=E+J§—J_=—§
37. 351n6’=30056':>33m9=1:>t,an9=]:>8=§:>
3cos@
A=2[""1(3sin6y do=[" 9sin* 646 = [ 9-1(1-cos26)d6
o 1Y 0 2
=54

r=3sind

r=3cosf

B

=|D (%—%cosflﬁ]a’ﬂ=[%9—%Sin26‘r4=('”—%)—('D—U}
X

39. sin2@=cos2f = tan2d=1=220=2=0=1=

4=8-2[""Lsin* 2046 =8 +(1-cos46)d6

=4[6—1Lsindg] " =4(2 -1 1)=%-1

41. From the figure, we see that the shaded region is 4 times the
shaded region from =0 to #=7/4. ¥* =2sin’Aandr=1=
2sin20=1" = sin20=1=20=2 = 9=1Z,

&2 Fal ) .
A=4]""1(2sin26)do+4[  L(1)’de
&2 x4 xil2 xid
=L 451n26d6‘+jﬂ112d6 =[-2cos@], ~+[26]_,,
—(3+2)+(5-2)=—B+2+%

43. 2cos6 =42 < cos@ =3§ <> the curves intersect when 8=1%,
By symmetry, the area bounded by the curves is

4=2 UM L(+2) do+ [ 1(2c0s 6)de +}

o
= ["2d6+ (" 4cos’ 046 = 1~ 2.142, choice (C).




44,

45.

46.

40,

64.

70.

71.

The area in the cardioid and outside the circle of radius 1 is .
A=["1(1+sin6)do—["*1Pde=2+%~2.785, choice (C).

A =2[%?r-43 +[;%(4 +4cos8) d-ﬂ] =8;r+[;(4+4ms 8)’ d6 =207 —32 ~30.832, choice (A).

l
2

The curves intersect at 6 =2%. The areais 4= ZU (—6cos ) d9+f %2 ZCGSH]EdEJ

xi2

—[™ 3136-:@5 Hd€+j {4 8cos@+4cos’ 8)d6 =5, option (D).

xi2

The area of the region inside the graph of » =1+siné& and outside the graph of » =1 is

*

L[ (+sing)do—L [P do=1[ (1 +sin6)’ —1do =4 [ (1+2sino+sin* 6-1)de

= %E{Esin 6+sin° 8)d8 = %J‘;sin 6(2+sin8)de, (A).
The inner loop of the limacon is traced with 2= <@ <X, so the area of this loop is
A=[""1(1+2c0s6)’ d6 =z —>£ ~ 0544, option (C),

(a) The area of the region R is the area of the circle of radius 3, below the x-axis (‘T;rr . 32] plus the

area under twice the area under this circle from & =0 to # = /6, plus the area under the curve
r=4-2siné fmm f=x/6to @=51/6. So,

A_gi zj 32d9+2j “1.(4=2sin’ 9)d9=9—”+j”"ﬁ3ﬂdg+[F’F"ﬁm—zsmlgma
2 2 ko Jxi6
_lgﬁ_ﬂ
2
CAS
(b) r=4-2sin@, @=t". 1=df dr a6 & 1=—2cos@-2t=—4tcost’ <t ~ 1.327.
it de dr

(c) x(f)=rcost=(4-2sint*)cost. x(f)=~1 & —1=(4-2sinr*)cost &  ~1.808.
y(t)=r-sint=(4-2sint’)sint = y'(t) =(4—2sint’)cost +sint [—4rcos t° ]
x'(t) =—(4—2sin¢* )sint+cost(—4rcost”). v(1.808) =(x'(1.808), '(1.808)) ~ (~5.821,5.973)

(a) The distance between any point and the origin is |r|. We can maximize this distance by finding
the critical points of 7, that is Er% =2r(cos8—8sin ) =2(BcosB)(cosf—Fsin §).

£=ﬂ < cosf—-0sinfd=0 < cosf=0sinf & cscf =0 < 6=a~0.8603335800,0r

déo
8 =b~3.425618459. Now we evaluate |;| at each of these critical points and the endpoints to

determine the maximum distance from the origin:
7(0)=0, r(3£)=0, |[r(a)|~0.561,and |r(b)| ~|-3.288| =3.288. Therefore, the maximum distance is

approximately 3.288 and it occurs when &~ 3.426.
(b) The curve is completely traced for 0 <8 < J—"r_. and the inner loop is traced when0=8< 7.

Therefore, the area between the loopsis 4 =1 | {Hcosﬂ] de =17 -1z ~8.005.



72. (a)

73.

-2 _dy_dv/de a&( —2] d 1 d 1 7-2 2-x
x

[C} = = - = — == — = — - =
aT—2 dx/de dé\x-2) do 2 dé 2 - 4
(d)£=£-E=(c038—931n5)-2=2-£
dy do dy de

dy _dy/df8 _r'(6)sinf+r(f)cosf _ (3+sinb)sinf+(36—cos&)cosd
dx dx/d@ r'(8)cos@—r(f)cos@ (3+sind)cosf—(38—cosd)coss
3+sin{%})sin 9+(§—¢:ﬂs(%})cos% v@(v@ﬂﬁl]

When 8=2, @ _| —_ ~0.975
6 dx (3+sin(Z))cos6—(§—cos(£))cosE  37-21-343

(b) A=[" 1r?de=]" 1(36+cos) do=-3+% ' —Lrx~33376

CAS
(c) y=1=(36+cosf)sind = & ~ 3.017. Atthis point, x =(36+cos&)cos8 ~—7.997.
(d) x=rcos8=(36+cos6&)cos8b.

%:%-%=[(39+cos§)(—sin9}+cosE-(3—sin9}]-2

When @ = 3=, %= 2[ (3(32)+cos£)(—sin£) + cos £ - (3—sin ) | =—3£ - 23 ~~11.381.
When @ =3Z, the x-coordinate of the particle is decreasing at a rate of 11.381.
(a) The area of the region in the first quadrant bounded by the curve y =2-4sin# and the polar axis

% 2
is A:H(z—atsineyds.
0

(b) x=r(6)cos@=(2—4sinF)-cosf and y=r(8)sin(8)=(2—4sinf)-sin 8.
E=(4—Zsin9}(—sir1 9)@+ cos B(-2cos E)E=(—4sin6+ 2sin® @—2cos’ 9)ﬁ
dt dt dt dt

=(2—4sin6—4coszﬂ)d€fdr

dv : dg . de . . dé
— =(4-2sinf)(cos@)—+sinf(—2cosd)— =(4cos 8 —2cos Fsin —2cos Fsin F ) —
dt ( X mdr A g)dr ( )a’r
=(4n:curs-f-}‘—:lv.::-:nst.‘i'sim?}E
dt
(c) The slope of the tangent line is
ﬁ-sinéﬂ -cos @
dy _dy/dé _Je " _ (—4cos 8)sin6+(2—4sin)cos o
(—4cosB)cos@—(2—4sinf)sin g

dx dx/de ﬁ-ccs-ﬁ'—r-sinﬂ
de

~ —Bcosdsind+2cosd

" _4cos’@—2sin@+4sin’> 6’
23 -1
J3-2

(2265

When 8 =%, the slope is ~—9.196. Whenf =2, x =(2—45in%)cofs§=1—-\f§::s —0.732,

and y =(2—4sin%)sin% = ~1.268. Thus the equation of the tangent line is

approximately y—1.268 =—9.196(x+0.732).



