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10.4 Areas and Lengths in Polar Coordinates
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0 4] J0

2.r=e"? 7<O0<2r, A= / ("0 = / ze’dp =1
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e
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=
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r=sinf, &
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6 < 2.

27 /3 27 /3 s
= / 1sin®0do = 1 / (1—cos20)df = 5[0~ 5sin20] 7" = L[28 _ Lgindr _ x4 L, 20

2 2 3
n/3 T/ S

_ Al 1 V3 T | 3 e 1 = B\ _ =« V3 |
~—:[T"§(*T>*7+3(VT)J-T(T*VT)~W+T ;'
g 2 T ‘/2
4. r=+sinfh, 0<O<7m. A= / l( sin()) dt = / 3sinfdf = [~4cosf]” =141 =1 -,
Jo Jo a2 |

5.r=v0,0<0<2r. A= / r?do = / g(ﬁ)' do = / 3040 = [L67]7" = #°

JO JO J0

6. r=1+cosb, 0<06< .

A= / 5(1+cos0)*df = 1 / (L+2cos0+cos0)df = L / [1+2cos6+ (14 cos20)| do
Jo 0 ( &

tS]—

1

/ (:: + 2 cost) + %VOSQU)JU = % %f) + 2sinf + %sinZ()[: = %(jfn' +04+0)—1(0) =3z
0 3
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7.7 =4+3sinf, —5 <0< 7.
/2 . /2 L /2 o
A= 1((4+3sin0)*df = / (16 4 24 sin 0 + 9sin” 0) df = 3 / (16 + 9sin® @) df [by Theorem 5.5.7(b)]
J—7 /2 J—m/2 J—m/2

v /2
% -2 / {](i +9- 12(] — COos )())] do [by Theorem 5.5.7(a)]
0

94
g5 2

w/2
:/ (4 — 2 cos20) df = [46 — 2sin26]7/° = (4= —0) — (0—0) = 4=
0

8t =IsmRH NI (Phios

/2

/2 7 /2 &
A= / -blll *20df = / %(l—('os49)d9:%[()—%sinél()]g/":%(%):
0 0

=

9. The area above the polar axis is bounded by » = 3 cos 0 for 6 = 0

to# = 7/2 [not w]. By symmetry,

A=2["?1y

JO

240 = [7/*(3cos0)*df = 3 [7/% cos® 0.d6

ld~

)

=} [ —-.1';]+(20829)d9:%[9+%Si1120}:/2:%[(%+0) (0+0)] =2

9

Also, note that this is a circle with radius 2, so its area is w(3)” = 2.

10. A= [2"1r2do = [7 1[3(1 + cos)]*do

/“h( 1 + 2cosf + cos> 0) db

(M

=2 [2T[1+2cos0 + (1 + cos 20)] df

I

%HH + 2sinf + %33‘111‘24‘)]37T = %71’

11. The curve goes through the pole when 6 = 7/4, so we’ll find the area for
0 < 0 < /4 and multiply it by 4.
A=4[""1r2dp =2 [T (4c0s20) dO

=8 [T/" cos 20 d0 = 4[sin26]7"" = 4

12. To find the area that the curve encloses, we’ll double the area to the left of the
vertical axis.

A=2 %212 —sin6)*df = [*7/*(4 — 4sin 6 + sin® 0) dO

/2 w/2

= [27/%[4 — 4sin 0 + L (1 — cos20)] 0 = [])* ($ — 4sin0 — § cos 26) df

3

= [26 +4cosf — —511120} "/“ =(Er)— (&) = 2

l\}l

I
8

r=3

cos 6

,\
w
a5
G

OU(B‘U»
:\h 0)

=
S
i

r=2—sin 0

Or: We could have doubled the area to the right of the vertical axis and integrated from —7/2 to 7 /2.

Or: We could have integrated from 0 to 27 [simpler arithmetic].
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13. One-sixth of the area lies above the polar axis and is bounded by the curve
=2cos 36

r=2cos 30 for@ =0to § = /6. =

=6 [7/° 1(2cos30)% df = 12 [7/° cos® 30 d6

Jo

=12 [7/5(1 4 cos 66) dO

=60+ 1sin60]/° =6(Z) =7

14 A= ["1(2+cos20)*df = L [2"(4 + 4cos 20 + cos® 26) d6

A=
[S1E]
—

é[’7(4+4(os26‘+ +—CO>49) df

=

[-g—0+2si1129+ ﬁsin49]‘; — 2(()7r) = T"

15, A= ] 3(1+2sin66)*df = % _[':W('l + 4sin 66 + 4 sin® 60) d6

- [“ [1+4sin66 +4- (1 — cos 120)] do

=3 [77(3+4sin66 — 2cos 126) d6

W=

[39 - g(os()f) — = sm 129]

é[(67r~%—0)—(()—%—())]:37r

16. A= [ 1(2sin6 + 3sin90)* df = 2 [( % (2sin6 + 3sin 90)% do

- /;J"/Q(4 sin® 6 4 12 sin 0 sin 96 + 9sin® 96) do

= ./("/q [2(1 — cos26) + 12 - 2(cos(8 — 96) — cos(6 + 96)) + + 2(1 — cos 180)] d6

[integration by parts could be used for J sin @ sin 96 do |

- ‘[;)"/2(2 — 200826 + 6cos 8¢ — 6cos 100 + 5 — £ cos 180) df

[0 —sin20 + 3 sin80 — 2 sin100 — 1 3 sin 189] =13

17. The shaded loop is traced out from 6§ = 0 to 6 = 7 /2.
A= ‘];)"/2 srido=1 ./gr/z sin”® 26 df

/2

& 1(1 — cos40) do = G %Siulw}g/z

Bl= =

Fom)

'\
o

(MET
S
Il
GAE]

18. A = ./'U’r/"‘ 1(4sin360)%do = 8 [(ﬂ/‘sm 36 do

w3

! r=4sin30 fo=
=4 [T/*(1 ~ cos 60) df '

=4[0 — Lsin6];/* = 4z

B3]
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|2

19.r=0 = 3cosbl=0 = 5b0=5 = 0=

A= .]'W/ym +(3cos! 50)* df = [W/m‘)(os‘ 50dt = :,’ _],’r/m(l + cos 100) df = 3 V) + 55 sin 1()H}T““ =%

—m /10

2. r=0 = 2sin6f=0 = 60=0o0rm = ():Oor%.

A= [7/%1(25in60)2d0 = [7/°2sin® 666 =2 [7/° L(1 - cos 120) df = [0 — £ sin120]7/° = %

12

21. r This is a limagon, with inner loop traced
r=1+ 2sin f (rect.) =1+ 2sin @
3 out between § = = and ”” [found by
= solving r = 0].
)
0 Iz 27 0
= 6 3
: g=12 g=Lz
37 /2 37 /2 R 37 /2
.-1:2/ 1(1+2sin6)*do = / (1+4sm(9+4sin-e)(w:/ [1+4sin6+4- 5(1 - cos26)]| df
/6 n/6 Jir/6 &
= [f) — 4 cos 6 + 20 — sin:ZH}z;:ﬁ = (—)-_)1) = (7—2’1 +2v3— Yz—,—s) =T — %
22. To determine when the strophoid » = 2 cos 6 — sec 6 passes through the pole, we solve g
T
1 5 1
r=0 = 2cosf— =0 = 2cos’—1=0 = cos’f== =
cos 0 2 .
1 - S s . . £~ (1.0)
cos=+— = O=Zorf==Ffor0<0<mwithd # Z.

NG

A=2 [/4 L(2cosf — sech)? df = /44 cos® 0 — 4 + sec? 0) dO
2 J0O

J0

= [T [4- 11+ cos20) — 4 +sec? 0] df = [7/*(—2 + 2cos 20 + sec” 6) dO

—Jo

= [-20+sin20 +tanf]"* = (-2 +1+1)-0=2—
0 2

(<15

23. 2cosfl =1 = cosf = :

o=
S
Il
|
=}
=
«|
=
w|y
s

A=2[T31[(2c0s0)* — 12]d6 = [7/*(4cos® 6 — 1) db

JO

TS
= ]'ﬁ’m {4[3(1+cos20)] —1}df = .];r/:‘(l + 2 cos 260) db QW

JO

= [H%—sinﬂ)J:/:{=%+T/i r=2cos6f

24, 1 —sind=11"= sing =0 = =006c5rm == r=1

A= [>"1[(1 —sin0)? — 1] df = L [*>"(sin® @ — 2sin6) db (,0)= 1. 2m

{k ﬂ')ﬂ
L [27(1 — cos20 — 4sin6)df = 1[0 — L sin20 + 4cos6]”" @ﬁ

—sin f
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25. To find the area inside the leminiscate 72 = 8 cos 26 and outside the circle r = 2,
we first note that the two curves intersect when 7> = 8 cos 26 and 7 = 2,
that is, when cos 26 = 3. For —m < § < m,cos20 = 3 & 20 ==7/3
or+57/3 <& 6 = £m/6 or +57/6. The figure shows that the desired area is

4 times the area between the curves from 0 to 7 /6. Thus,

A= 4f"/6 [3(8Bcos26) — (2 )?] df fﬂ/s (2cos20 —1)dl

= 8 [sin20 - 9]0"/6 — 8(v3/2 = 7/6) = 43 — 4n/3

26. To find the shaded area A, we’ll find the area A; inside the curve r = 2 + sin 8
and subtract 7 (2)? since r = 3sin 6 is a circle with radius 2.
Ar= 2" 1(2+sin6)?dd = L [27(4 + 4sinf + sin 6) db

=4 o " [4+4sinf+ 3 - (1 — cos26)] df

=é, o ( +4sm9——c0520)d9

=1[26 — 4cosb — %sinZ@]O7r =1Or—4) - (-4) =%

SoA=A; - =9 fr=0

27. 3cosf=1+cosf & cosf=1 = 6=ZFor—3.

... D
N
wly

A=2 [ 1[(3cosh)? — (1 + cos)?] db I

= [7/*(8cos?§ — 2cos6 — 1)df = [;/°[4(1 + cos 26) — 2cosf — 1] df

= [7/*(3+4c0s20 — 2cos ) df = [36 + 2sin 26 — 251n0]"/3

=r+V3-V3=nm

28 3sinf=2-sinf = 4sinf=2 = sinf=; = 6=7Fori.
—-2_[:/62 1((3sin#)* — (2 — sin6)?] d6

f"ﬂ 9sin? @ — 4 4+ 4sinf — sin? 4] df

= ://62 (8sin? @ + 4sinf — 4)df -

=4[7/2 (2 $(1 - cos26) +sinf — 1] db

-_4f"/2 (sin6 — cos 26) df = 4[—cosf — —sm2€]"/2 r=2-sinf

=4[0-0)- (£ - §)] =4(2£) =33




848 O CHAPTER10 PARAMETRIC EQUATIONS AND POLAR COORDINATES

- )
29. /3cosf =sinf = ﬁ:zloze = tanf=+3 = 0=73.

A= [T L(sin6)? d8 + [T/ & (V3cos6) db

/2

=f"/3%-%(1—cos29)d6+f 1-3-3(1+cos26)df

— L1sin26]7/° + 3[6+ 4 sin26]7]

[0
1(5-4) -0 +2[G+0- (5+9)]

—x_ Y3, x_8/3_5n_ V3
2 16 8

-

30. A=4 ”/21( —cos6)?df =2 [/*(1 — 2 cos 6 + cos” 6) db

_ 2f7r/2 [1 — 2cosf + %(1 -+ COSQG)] de

=2 /7% (% —2cosf + % cos26) db = 7r/2(3—4cost9—¢—cos?6’)dt9

0

= [36 — 4sind + 251n2€]"/° =31 _4

31, sin 26 = cos 260 223‘;:1 = tan20=1 = 28=§ =5
0=z =
A=8-2[7/® 1sin?20d6 =8 [/® 1(1 — cos 46) df
=4[9-§sin49}g/8=4(g—§-1)=§—1
32. 3+2cosf =3+2sinf = cosf=sinf = 6=75or.
—2[5"/4%372c050)2d9—f5"/49+12c050+4c0526‘)d9
= [57/* [9+12cos6 + 4 - (1 + cos 26)] df
B /4

f‘r’ﬂr/4 11 +12cosd + 2cos 20) df = [110 + 12sin +sm29]

= (82 -6v2+1)— (U2 +6v2+1) =11r—12V2

33. sin20 =cos20 = tan20=1 = 20=7 = 6=
—4f"/slsm29d9 [since 7* = sin 26]
= fow/s 2sin20df = [— cos 20] b

=1_%\/§

3 =(=1)

0-1
-3
r=sinf
(i)
0\_/
r=+/3cosf
r=1—cos@ r=1+cosf
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Leta = tan~' (b/a). Then = asinf
A= [*L(asin)*d8 + [/ 3(beosf) df 0= an” b/
=%az[e—-;-sinZO]g+%‘b2[9+%sin20]2/2 ‘
= ta(a® - b?) + Lmb® — 1(a® +b*)(sina cosa)
= 1(a? - ¥?) tan"}(b/a) + g7b” — 3ab e

35 The darker shaded region (from 6 = 0to # = 27 /3) represents 3 L of the desired area plus 1 of the area of the inner loop.
From this area, we'll subtract 3 3 of the area of the inner loop (the lighter shaded region from @ = 27 /3 to § = =), and then

double that difference to obtain the desired area.

A=2[[7"" 3G +cos8)? db — [ 5 (4 +cos6)” db)

= [2m3 (% + cos + cos” 6)do — [5/5 (& + cos @ + cos® ) df

5+c050

— [27/3 [4 + cosf + §(1 +cos 29)1 df
1 4 cosf + 3(1 +cos26)] do
2r/3

8 6, sin201>® [0 |, . § sin20]”
[Z-{—sm(H- 7 L —[Z+5m9+§+ 1 L"/s

—(3+F+3-9) -G+ (FrF+5- )
=2+32V3= 1(r+3v3)

-
3

% r=0 = 1+2cos30=0 = cos30=—3 = 39 = &, 4 [for o

0<3p<2r] = 0=7%, 47 The darker shaded region (from @ =0to
= 27 /9) represents 3 1 of the desired area plus 3 of the area of the inner

loop. From this area, we’ll subtract % of the area of the inner loop (the lighter

shaded region from 6 = 27/9 to g = /3), and then double that difference to

obtain the desired area.

A=2[f37/ §(1 +2c0s36)"df - J7/3 3(1 +2c0830)* df|

Now

r? = (1+2cos36)* = 1+4cos30 +4cos?30 =1+4cos30+4- 3(1 4 cos66)

=1+4c0539+2+2cos60=3+400530+200560
and [ r2d = 30 + $sin36 + 3 sin66 + C, so
A= [39+§ in30 + % sm60]2"/ - [36 + 3sin30 + %sinﬁ()];{";g

: 23+§-‘—23-)—0]—[(w+0+0)—(2§+%-3§+§-%@:)]
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37. The pole is a point of intersection.

r=3sin6f
1+sinf=3sind = 1=2sinf = sinf=3; =
f=2Zor3r
The other two points of intersection are (2, Z) and (£, 22).

r=1+sinf

38. The pole is a point of intersection.
r=1+sinf

1—cosf =1+sinf = —cosf =sinfl = —-1=tanf =

— 3% o In
6 = = or .

)

The other two points of intersection are (1 — % ST") and (1 - ‘/75,

).

r=1—cosé

3. 2sin20=1 = sin20=% = 20=73, 5, 3% or 1%,

By symmetry, the eight points of intersection are given by
r=2sin26
5 17x

— m 57 13w
(1,6), where 6 = 5, 3%, 57-, and 57-, an

(=%

__ Tm 1llm 197 237
(—1,8), where 8 = 1%, 53-, 53, and 53~

[There are many ways to describe these points.]

40. Clearly the pole lies on both curves. sin30 = cos3 = tan3f=1 =

30 = Z +nm [nanyinteger] = 0=F5%+%n =

— X 5¢ Sz ining i i i 1, =
0= , or <, so the three remaining intersection points are (75, 13 ) > ~oos 30

41. The pole is a point of intersection. sinf = sin20 = 2sinf cos§ <

sinf(1—2cosf) =0 < sinf=0orcosf=3 =

6 =0,m F,0or—% = the other intersection points are (4 %)

and (a@ %’) [by symmetry].

42. Clearly the pole is a point of intersection. sin 260 = cos260 =

tan20 =1 = 20 = Z + 2n7 [since sin 26 and cos 26 must be

positive in the equations] = 6= % +nm = 6= For.

$ 1 T 1 9w
So the curves also intersect at (% —8) and (qﬁ, T)-
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3.4 3 y=2x
__j p— 1
Lr=20 \/ y=1+sinx
-3 3
L r=1+sinf
-14 14 L
—
-03 -3

From the first graph, we see that the pole is one point of intersection. By zooming in or using the cursor, we find the 6-values
of the intersection points to be a = 0.88786 ~ 0.89 and 7 — a = 2.25. (The first of these values may be more easily
estimated by plottingy = 1 +sinz and y = 2z in rectangular coordinates; see the second graph.) By symmetry, the total
area contained is twice the area contained in the first quadrant, that is,

o /2 o /2
A=2/ 1(26)° d9+2/ 1(1+sin6)’ d0=/ 492d0+/ [1+2sin0+%(1—cos29)]d0
0 (-3 0

(=3

= [46°]2 + [0 — 2cos 6 + (30 — 15in26)]7% = 4a® + [(5 + %) — (@ —2cosa+ Lo — 1sin2a)] ~ 3.4645

We need to find the shaded area A in the figure. The horizontal line

stage
representing the front of the stage has equationy =4 &

rsinf=4 = r=4/sin6. This line intersects the curve

r =8+ 8sinf when 8 + 8sinf = —4—
sin @

8sinf +8sin2§ =4 = 2sin’6+2sinf-1=0 =

microphone
audience
sinf = S 4‘ $58 . =f i42\/§ _t ; V3 [the other value is less than —1] = 6= sin~* (\/32— 1).

This angle is about 21.5° and is denoted by « in the figure.

A=2[T/* 1(8 +8sin6)?db — 2 [7/? L(4csch)?db = 64 [T(1 + 25in6 + sin? 0) d6 — 16 [7/* csc* §d6
— 64 ["/? (1+2sin6+ § — 3 c0s20) db + 16 [7/?(~ csc? 0) d6 = 64[36 — 2cosf — 15in26]7/* +16[cot 8]
=16 [66 — 8 cos§ — sin 20 + cot6]7/* = 16](37 — 0 — 0+ 0) — (6a — 8cos —sin2a + cot )]

— 487 — 96 + 128 cos a + 16sin2a — 16 cot

Fromtheﬁgure,av2+(\/§—1)2=22 = a:2=4—(3—2\/§+1) = /A
J3-1
22 =2/3=+12,50z =2 /3 = ¥/12. Using the trigonometric relationships @

. et . 2 =y :l =412
for a right triangle and the identity sin 20 = 2sin o cos o, We continue: KmyRNI=Sl
¥12 Vv3-1 V12 Viz V3+1
A=487r—96a+128-——+16~2-———~——16- :
2 2 2 V3-1 V3+1

~ 204.16 m?



852 O CHAPTER10 PARAMETRIC EQUATIONS AND POLAR COORDINATES
b /3 /3
45 L = / /12 + (dr/d8)? df = / V/(3sin6)2 + (3cos 0)2 df = / \/9(sin?@ + cos?6) df
a 0 0

/3 /3
=3/ dh=3[0]7° =3(%) =
0

As a check, note that the circumference of a circle with radius % is 2#(%) = 3m,andsince =0tom = % traces out % of the

circle (from § = 0to 6 = =), 3(37) = 7.

| b 27 27 27
! 4. L= / V2 + (dr/d6)? df = / V(€20)2 + (2€20)2 df = / Vet + 440 df = / Ve df
i a 0 0 0

27 r
: =\/5/0 e”dezlé[e”]? :?(e‘”—l)

0

b 2 27
4 a. L =/ 3 (dr/d)? db =/ J(67)? + (26)2 do =/ Vo' + 467 do
1 a 0 0
*1 27 2
=/ \/02(92+4)d9=/ 6/ 6% +4d6
0 0
Now let u = 8% + 4, so that du = 20df [#df =  du] and

it 27 ar?+4 4(r2+1)
» / 0\/9’+4d6=/ Wadu=14-3[u] 7T = e + )Y - 4% = § [ + 1) -
o 0 4

4

b 27
48.L=/ \/r2+(dr/d9)2d0=/ \/92+1d92[§ 0’-’+1+%1n(0+\/92+1)J
a 0
=7mVar? + 1+ 3 In(27 + V472 +1)

27
0

49. The curve r = 3sin 26 is completely traced with 50. The curve r = 4sin 30 is completely traced with
0<6< 2. 0<f8<
r? + (%) = (3sin26)® + (6cos260)? = r? + ()% = (4sin36)® + (12c0s 36)* =
L= [?" \/9sin® 26 + 36 cos? 20 df ~ 29.0653 L = [T /16sin? 30 + 144 cos? 30 df ~ 26.7298
r=3sin26 r=48n.30

(0,0)=(0,2m)




o
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51. The curve r = sin(%) is completely traced 52. The curve 7 = 1+ cos(%) is completely traced

with 0 < 6 < 47. with 0 < 8 < 6.
r+ (%) =sin?(§) + [3eos(§)]” = 4+ (%) = 1 +cos(§))* + [-3sin(§))* =
4 67
=/ \/sinz(%) + L cos?(£) df / \/ 1+ cos (£)] + 1sin® (£) d6
0
~ 9.6884

~ 19.6676

=1 +cos
(l.m/zj\(—mﬂ %\
(1.5, 7) = (1.5, 57)|/0, 3,,11 2,0) = (2, 6m)
&DL(O.S. 2m)=(0.5,4m)
(0,0)=(0,2m)

=(0,4m)

53. The curve r = cos?(#/4) is completely traced with 0 < 6 < 4.

r? 4 (dr/d8)? = [cos*(6/4)]® + [4cos®(6/4) - (—sin(8/4)) - 1]*
= cos®(6/4) + cos®(6/4) sin*(6/4) -0.75

1.25

(NP

= cos®(6/4)[cos?(8/4) + sin?(8/4)] = cos®(6/4)

= [37 \/cos5(6/4) d = J3T |cos®(6/4)| db
=2 [?"cos®(6/4)d6 [since cos®(/4) > 0for0< O <2m] = 8f"/2 cosfudu [u=36]

8[ (2+cos u)smu]O/ =§[(2 1)=(3- 0)].__?6

54, The curve r = cos?(6/2) is completely traced with 0 < 6 < 2. i
r? + (dr/d6)? = [cos?(6/2))* + [2cos(8/2) - (—sin(6/2)) - 1]’
= cos®(6/2) + cos® (8/2) sin*(8/2) 015 1.02
= cos?(8/2)[cos? (6/2) + sin®(6/2)]
= cos?(6/2) o7

J2 Jcos?(8/2)d6 = [, |cos(6/2)| d6 = 2 [ cos(6/2) df

=4f0’r cosudu [u=%9] = 4[sinu]

[since cos(6/2) > 0for0 < 6 < 7]
; =4(1-0)=4
55. (a) From (10.2.7),

S = [ 2ny\/(dz/d6)? + (dy/d)? df

— f: 2my+/1% + (dr/df)? df [from the derivation of Equation 10.4.5]

= [? 2rrsin6y/r2 + (dr/df)* do




g
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(b) The curve 7> = cos 26 goes through the pole when cos 26 =0 =
20=3 = =1z We'll rotate the curve from §=0tof=7%and double

this value to obtain the total surface area generated.
dr dr\* sin®20 sin” 20
2 o .
r? =cos20 = 2r ¥ 2sin26 = (—d6> = = eos20

, /4 /4 P 3

! S=2/ 27 v/cos 20sin 8 1/ cos 20 + (sin? 26) /cos 26 df =47 \/cos205'm0\/%ﬁd9

j 0 0

]3/4 = —47r(32é - 1) =27r(2— \/5)

w/4 1 /4
j =47 \/cos295in9———d9=47r/ sin@df = 4w [—cos@
{ 0 v/ cos 260 0 [

is the same as rotation around the y-axis, that is, S = f: 9z ds where

56. (a) Rotation around 0 = §
e of a polar equation, T = T COS @ and

) ds = /(dz/dt)? + (dy /dt)? dt fora parametric equation, and for the special cas
ds = /(dz/d0)* + (dy/d)?do = /T2 + (dr/df)? db [see the derivation of Equation 10.4.5]. Therefore, for a polar

equation rotated around 6 = %, 5 = f: ot cos 0+/r2 + (dr/d6)? db.

(b) As in the solution for Exercise 55(b), we can double the surface area generated by rotating the curve fromf=0tof=7%

to obtain the total surface area.

" /4 /4 2 )
: S=2f 27 v/cos 26 cos 6 cos 26 + (sin® 29)/c0529d0=47r/ \/COSZGCOSG\/E.E—gC_—i:;;nﬂdQ
j 0

0
/4 1 w/4 \/2‘
=4 V/cos 26 cos 6 d0=4/ do = g™ = dn( = —-0) =
7r/0 cos 26 cos NV T d cos 0 df 41r[sm9]0 4T 5 0 22w

10.5 Conic Sections

1 s0p = 3. The vertex 2.4y+2*=0 = z? = —4y. 4p=—4,s0p=-1
The vertex is (0, 0), the focus is (0, —1), and the directrix
isy=1

(59) 4 yui

1.2=2° = y2=%a:. 4p =
is (0,0), the focus is (%, 0), and the directrix isT=—%

ol

=
]
|
oo|—
=
S
|
=
/

ddgl=—-y > T =—3y P= —5s0p= - 4, y% =12z. 4p=12,s0p=3. The vertex is (0, 0), the

The vertex is (0, 0), the focus is (0, —4), and the focus is (3, 0), and the directrix is z = -3.

- directrix is y = 75- y
i y 1
! | Y=16 x=-3
(3,0

X




