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6.3 PROBLEM SET

o 1. WHAT DOES THIS SAY? Discuss a procedure for finding the

intersection of polar-form curves.

2. WHAT DOES THIS SAY?  Discuss a procedure for finding the
area enclosed by a polar curve.

3. Identify each of the curves as a cardioid, rose curve (state
number of petals), lemniscate, limagon, circle, line, or none
of the above.

a. r> =9cos26 b. r=2sinZ

c. 1 = 3sin36 d. r =360

e. r=2—2cosf f. 0=7¢

g. r* =sin20 h. r —2 =4cosf

(4. Identify each of the curves as a cardioid, rose curve (state
™~ number of petals), lemniscate, limagon, circle, line, or none
of the above.

a. r =2sin20 b. r? = 2cos26

¢. r = 5co0s60° d. r =5sin80

e. ro=3 £ ¥ =9c08(20 — %)
g r =sin3(0 -+ ¢) h.cosf=1-r

5. Identify each of the curves as a cardioid, rose curve (state
number of petals), lemniscate, limagon, circle, line, or none
of the above.

a. r =2cos26

c. r+2=3sin6

b. r = 4sin30°
d. r +3 =3sinf

e. 6 =4 f. 0=tan%

g. r = 3cosdb h. rcosf =2
Graph the polar-form curves given in Problems 6-21.
@r=3,0595§ Ta0i==20 <1’ <3
8. r=0+1,0<60=<nm 9. r=260,6=0
10) r = 2cos 20 11. r = 5sin36
3 r? = 16cos26 13. r =3cos3(6 — %)
14. r =5ces 30 — %) 15. r =5in(20 + §)
16, r* = 16cos2(0 — £) 17. r =2+ cosf
18 r =1 +sinf 19. rcosd =2
20. r =1+ 3cosf 21. r= —2sin6

Find the points of intersection of the curves given in Problems 22—
29.

’2—2) r= 4C.089 2, r =4sinf
r =4sin6 r=2
2_ . .
2. 7= —19/c0s20 2. r_2(1+s?n6)
= r =2(1 —sinf)
s\l =39 r? =sin24
26 27.
\*) —% r = /2sind
2(1 — cos ) —4
7= == =
28. el 29. " 1 —cosf
r=4sinf r=2cosé

0 Find the area of each polar region enclosed by f () fora <6 <b

in Problems 30-37.
‘:10!) f(8) =5in0,0 <6 < = 310 F(0)="cos @, 0i=ir=i~
32. f(0) =secd,—% <0 <7 33. f(6)= V/sinf, £ <0 < =

34, fO)=€*,0<6<2n

35. f(0) =sinf +cosf,0 <6 < %

e 0 0 e
3) f(6)=—,0<6<2 37 [ (O)E=t=2 ’
(36, 1) il S f®) 058
38. Spirals are interesting mathematical curves,

special types of spirals:

a. A spiral of Archimedes has the form r =
=120 %

b. A hyperbolic spiral has the form 6 = q,
c. A logarithmic spiral has the form r = gk

39. The strophoid is a curve of the form r =
Graph this curve fora = 2.

40. The bifolium has the form r = a sin 6 cos? 4.
fora = 1.

3as

sin

41. The folium of Descartes has the form r =

Graph this curve fora = 2.
(;4%) Find the area of one loop of the four-leaved rose r
43. Find the area enclosed by the three-leaved rose r =

(44) Find the area of the region that is inside the circle:
and outside the circle r = 2. :

45. Find the area of the region that is inside the circle
outside the cardioid r = a(1 — cos ).

,_46,." Find the area of the region that is inside the cirel
" and outside the cardioid r = 1 — cos 6. '

47. Find the area of the region that is inside the circle.

and outside the cardioid r = 2(1 + cos6). '

(48) Find the area of the portion of the lemniscate r/&
that lies in the region r > 2.

49. Find the area between the inner and outer loops of

r=2—4sinf. ‘

( 50) Find the area to the right of the line r cos6 = 1
" lemniscate r* = 2 cos 26.

51. Find the area to the right of the line r cos§ = 1
lemniscate r* = 2 sin 26.

52. Find the maximum value of the y-coordinate of P
limagon r = 2 + 3 cos 6. '
53. Find the maximum value of the x-coordinate of p
cardioid r = 3 + 3sinf.

o 54. a. Show that if the polar curve r = f(6) is 10
pole through an angle «, the equation for the
r= [0 =)

b. Use a rotation to sketch r = 2sec(6 — 5)-

55. The ovals of Cassini have the polar form
r* + b* — 2b*r? cos 26 = k*. Graph the curvé
k=13

56. Sketch the graph of

0
cos 6

for 0<06=

r =

In particular, show that the graph has a vertical 8
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6.4 Arc Length and Surface Area 393

If a polar curve r = f () between § = o and @ = B is revolved about the x-axis,
it generates a surface of area

B
A =/ 2nyds
o

4 dr\?
:271‘/; (r sin0) r2+<ﬁ) do

We conclude this section with an example showing the use of this formula.

EXAMPLE 7 Computing surface area in polar coordinates

i Find the area of the surface generated by revolving about the x-axis the top half of the
,,_.Jj cardioid r = 1 + cos @ (thatis, for 0 < 6 < m).
‘ Solution
‘ o : The cardioid is shown in Figure 6.55. Since r = 1+cosf and r’ = — sin 6, the surface

\; | area is given by

. d dr

\ A=2 / in@),/r2+|— ) db

‘ no(rsm) r: + 70

5 £ o ‘1 m

T % =2n/ (1 + cos 0) sin6+/(1 + cos §)? + (—sin )2 df

- | 5

; { n

| | =27t/ (1+cost9)sin0\/1+200s0+cos29+sin29d6

17‘2.— | ‘} 07‘! .

| | — / V2(1 4 cos6)**sin @ d6 Since sin” 6 + cos” ¢ = |

Bid %) T

paiol — < 5/2 . : 4

8or0 <0 < 2v2n [ 5(1 + cosf) ] , Substitute using it = | + cos 0/

32r
— B
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IBLEM SET
! of the arc of the curve y = f(x) on the intervals
ems 1-10.
+2o0n[-1,2]
I~ 4x on [-2, 0]
=2xon[l,3]
"~ on [0, 4]
*2 + 1on [0, 4]
i +x2)32 on [0, 3]
50 + $x3on[l,2]
::"‘a +ixTon[l,4]
+3x2on[1,2]
® —1—sec!(e*)on[0,1n2]

“0gth of the curve defined by 9x* = 4y3 between
9,0) and 243, 3).

*Ngth of the curve defined by (y + 1)? = 4x> be-
points (0, —1) and (1, 1).

Find the surface area generated when the graph of each function
given in Problems 13—16 on the prescribed interval is revolved
about the x-axis. Give your answer to the nearest hundredth.

13. fi(x) = 2x + Lion|[0;:2]

1) () = Jxon (2, 6]

15. f(x) =3x*+ ix"on[1,2]

16. f(x) = jx*+ix"%on([1,2]

Find the length of the polar curves given in Problems 17-22.
(\1_8) r = sinf + cos @

20. r=¢""%0<6<1

17 r ='cost
19.r=¢%0<6<%
2. r=6%0<6<1 (22.)r =sin®

In Problems 23-26, find the surface area generated when the given
polar curve is revolved about the x-axis.

23.r=50<6<1

25.r=csc€,§§05%

(24 r=1—cosh,0<0<m

26. r=COSZ%,0§9§H
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