p. 1

Question 1 In Exercises ?? - ??, plot the graph of the polar equation by hand. Carefully label your graphs.

Problem 1.1 Circle: r = 6sin(6)
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Problem 1.2 Circle: r = 2 cos(6)
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Problem 1.3 Rose: r = 2sin(20)
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EXERCISES FOR POLAR GRAPHS

Problem 1.4 Rose: r = 4 cos(20)

Problem 1.7 Rose: r = sin(40)

CC BY-NC-SA 4.0 MY XOURSE
MY ORG (2026/08/03.14) My DEPARTMENT


https://creativecommons.org/licenses/by-nc-sa/4.0/deed.en
https://creativecommons.org/licenses/by-nc-sa/4.0/deed.en

p. 3

EXERCISES FOR POLAR GRAPHS

Problem 1.10 Cardioid: r = 5 + 5sin(f)
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EXERCISES FOR POLAR GRAPHS
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Problem 1.11 Cardioid: r = 2 + 2 cos(f)

» <

P

Problem 1.12 Cardioid: r = 1 — sin(6)

» <

|
\

Problem 1.13 Limacon:r =1 — 2cos(f)
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EXERCISES FOR POLAR GRAPHS

p. 5

Problem 1.15 Limacgon:r = 2v3+ 4 cos(f)

Problem 1.16 Limacon: r =3 — 5cos(f)
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EXERCISES FOR POLAR GRAPHS

Problem 1.18 Limagon: r = 2 + 7 sin(6)

\/

——

- =2 o~ o

2 2
6 = 7 + arcsin (— 9=27r7arcsin<—>
7 7

Problem 1.19 Lemniscate: r* = sin(26)

CC BY-NC-SA 4.0 MY XOURSE
MY ORG (2026/08/03.14) My DEPARTMENT


https://creativecommons.org/licenses/by-nc-sa/4.0/deed.en
https://creativecommons.org/licenses/by-nc-sa/4.0/deed.en

p. 7

EXERCISES FOR POLAR GRAPHS

Problem 1.20 Lemniscate: r? = 4 cos(26)

Question 2 In Exercises ?? - ??, sketch the graph of the polar curves to help you find the exact polar

coordinates of the points of intersection of graphs of the polar equations. Remember to check for intersection
at the pole (origin).

Problem 2.1 r=3cos(f) andr =1+ cos(f)
Graph:
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EXERCISES FOR POLAR GRAPHS

. . 3 7 3 57
Intersection points: | -, = |, | =, — |, pole
2 3 2 3

Problem 2.2 r=1+sin(f) andr =1 — cos(f)

Graph:

_ _ 2++v2 3w 2—V2 7n
Intersection points: — 2\~ 7 , pole

Problem 2.3 r=1—2sin(@) andr =2
Graph:
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EXERCISES FOR POLAR GRAPHS

p. 9

7 11
Intersection points: (2, ;T) (2, 67T>

Problem 2.4 r=1—2cos(d)andr =1
Graph:

3
Intersection points: (1, g) (1, 27T> (—1,0)

Problem 2.5 r=2cos(f) andr = 2v/3sin(0)
Graph:
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EXERCISES FOR POLAR GRAPHS

Intersection points: (\/5 g) pole

Problem 2.6 r =3cos(f) and r = sin(f)
Graph:

(%

Intersection points: , arctan(3)> , pole

Problem 2.7 r?=4cos(20) andr =+/2
Graph:
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EXERCISES FOR POLAR GRAPHS

5 7 11
Intersection points: (\@ %) (\@ ;T) (\/5 ;T) (\/5 67T)

Problem 2.8 r?=2sin(20) andr = 1
Graph:

<

Intersection points: (1 7T) 1 o7 1 13m q Jrm
points: (1,7 ). (175 ). (155 ) (173

Problem 2.9 r=4cos(20)andr =2
Graph:
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EXERCISES FOR POLAR GRAPHS

5 7 11 2 4 5
Intersection points: (2, z), 2, > , | 2, ) , | 2, L) , (—2, E), -2, il , | —2, hdl , | —2, Sl
6 6 6 6 3 3 3 3

Problem 2.10 r =2sin(20) andr =1
Graph:

Intersection points: (1 W) 1 o7 1 13w 1 17m 1 [ 1 Hr 1 197 1 231
P N2\ 12 )\ 712 )P\ 12 )] 12 )’ 12 )’ 12 )’ © 12

Question 3 In Exercises ?? - ??, sketch the region in the xy-plane described by the given set.

Problem 3.1 {(r,0)|0<r<3,0<6<2n}
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EXERCISES FOR POLAR GRAPHS

P <

A

Problem 3.2 {(r,0)|0 < r<4sin(),0<6<n}

y
A

3
2
1
— - x
1 2

™ ™
8 <r< —— <0< =
Problem 3.3 {(r,9)|07r73cos(9), 5 <6< 2}
y
A

N

Problem 3.4 {(r, 6)]0 < r<2sin26), 0 < 8 < g}
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EXERCISES FOR POLAR GRAPHS

(MY
IN
>
IN

w
3
—

CC BY-NC-SA 4.0 MY XOURSE
MY ORG (2026/08/03.14) My DEPARTMENT


https://creativecommons.org/licenses/by-nc-sa/4.0/deed.en
https://creativecommons.org/licenses/by-nc-sa/4.0/deed.en

EXERCISES FOR POLAR GRAPHS
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Problem 3.8 {(r, 0)[1 < r<+\/2sin(20), 1—2” <f< 1;}

Problem 3.9 {(r, 6)]0 < r<2V3sin@), 0 <0< g

Problem 3.10 {(r, 0)]0<r<2sin@f),0<0 <
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EXERCISES FOR POLAR GRAPHS

Question 4 In Exercises ?? - ??, use set-builder notation to describe the polar region. Assume that the

region contains its bounding curves.

Problem 4.1 The region inside the circle r = 5.
{(r,0)|0<r<5,0<0<2r}

Problem 4.2 The region inside the circle r = 5 which lies in Quadrant Ill.

{(r,9)|0§r§5,7r§9§327T}

Problem 4.3 The region inside the left half of the circle r = 6 sin(6).
{(r,9)|0 < r<6sin(), g <0< 7r}

Problem 4.4 The region inside the circle r = 4 cos(8) which lies in Quadrant IV.

{n0)4c0s0) < r <o, S<b< )

Problem 4.5 The region inside the top half of the cardioid r = 3 — 3 cos(f)
{(r.0)|0 <r<3-3cos(f),0 <0 <}

Problem 4.6 The region inside the cardioid r = 2 — 2 sin(f) which lies in Quadrants | and IV.

™

{(r,0)|0§r§2—2sin(9),Ogﬁg2}U{(r,9)0§r§2—23in(0), ?’zﬂgagzw}

or{(r,9)|0<r<2—2sin(0), S?W <6< 5;}

Problem 4.7 The inside of the petal of the rose r = 3 cos(46) which lies on the positive x-axis.

1
{(r,9)|0 <r<3cos(4h),0<0< g}u {(r,9)|0 < r < 3cos(46), % <0< 277}

™ m
or{(r,9)|0 < r < 3cos(40), “3 <6< §}

Problem 4.8 The region inside the circle r = 5 but outside the circle r = 3.
{(r,0)|3<r<5,0<0<2r}
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EXERCISES FOR POLAR GRAPHS

Problem 4.9 The region which lies inside of the circle r = 3 cos(6) but outside of the circle r = sin(6)

(r,0)|0 < r < 3cos(b), T <O <0pU{(r,0)] sin(@) <r <3cos(d), 0 <0 < arctan(3)}
2

Problem 4.10 The region in Quadrant | which lies inside both the circle r = 3 as well as the rose r =
6 sin(20)

{mmM§r§6m@ﬂ0§0§W}U{mwogrga7T§9§&?U%an§r§6mQﬂ5W§0
12 12 12 12
While the authors truly believe that graphing polar curves by hand is fundamental to your understanding of the
polar coordinate system, we would be derelict in our duties if we totally ignored the graphing utility." Indeed,
there are some important polar curves which are simply too difficult to graph by hand and that makes the
calculator an important tool for your further studies in Mathematics, Science and Engineering. We now give a
brief demonstration of how to use the graphing utility to plot polar curves. The first thing you must do is switch
the MODE of your calculator to POL, which stands for “polar”.
iTTM 5CI  ENG Flokl Flokz Flokz Flokl Flokz Flokz
TATERE R i = w1 B3cos 420l
ilgill] DEGREE = =
FUnc FAk [418 ZEQ 3= 3=
INNECTED M)
EQUENTIHL TN ~rH= ~EH=
3 a+bic  FeRL wTE= wTES=
FU HORIZ G-T ~mE= ~ma=
ZET CLOCK (ERTF R F L
This changes the “Y="menu as seen above in the middle. Let’s plot the polar rose given by r = 3 cos(46) from
Exercise ?? above. We type the function into the “r=" menu as seen above on the right. We need to set the
viewing window so that the curve displays properly, but when we look at the WINDOW menu, we find three
extra lines.
WT OO WIHDOL
2min=g TR=ster=, 138899
Brmax=6.2851853.. Amin= -3
Bster=. 1382996 AREH=3
Bmin= necl=1
R Ymin=-3
necl=] Ymax=2
+Y'min=A Yecol=2
In order for the calculator to be able to plot r = 3cos(46) in the xy-plane, we need to tell it not only the
dimensions which x and y will assume, but we also what values of § to use. From our previous work, we
know that we need 0 < 6 < 27, so we enter the data you see above. (I'll say more about the 6-step in just
a moment.) Hitting GRAPH yields the curve below on the left which doesn’t look quite right. The issue here
is that the calculator screen is 96 pixels wide but only 64 pixels tall. To get a true geometric perspective, we
need to hit ZOOM SQUARE (seen below in the middle) to produce a more accurate graph which we present
below on the right.
'As of this writing, while free online websites and apps like desmos are gaining popularity, the TI-83/84 series calculators are still in
wide circulation.
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EXERCISES FOR POLAR GRAPHS
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In function mode, the calculator automatically divided the interval [Xmin, Xmax] into 96 equal subintervals. In
polar mode, however, we must specify how to split up the interval [fmin, fmax] using the fstep. For most
graphs, a fstep of 0.1 is fine. If you make it too small then the calculator takes a long time to graph. It you
make it too big, you get chunky garbage like this.

You will need to experiment with the settings in order to get a nice graph.

Question 5 Exercises ?? - ?? give you some curves to graph using your calculator. Note some of them
have explicit bounds on 6 and others do not.

Problem 5.1 r=0,0<6<12w

Problem

Problem

Problem

Problem

Problem

Problem

Problem

Problem

Problem

5.2 r=In(0),1 <0< 12r
53 r=e",0<0 <127
54 r=0—-0,-12<60<1.2
5.5 r =sin(50) — 3cos(f)
0 0
5.6 r=sin® <2> + cos? (3)
5.7 r=arctan(d), -7 <6<nmw
1
58 r=
r 1 — cos(f)
1
59 r=
! 2 — cos(6)
5.10 r= !
) " 2—3cos(f)
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EXERCISES FOR POLAR GRAPHS

Problem 6 Use a graphing utility to graph r = a— bsin(#) for various (positive) values of a and b. Describe
the shape of the curve when a= b, a < b, and when a > b.

Problem 7 How many petals does the polar rose r = sin(26) have? What about r = sin(36), r = sin(46)
and r = sin(50) ? With the help of your classmates, make a conjecture as to how many petals the polar rose
r = sin(nf) has for any natural number n. Replace sine with cosine and repeat the investigation. How many
petals does r = cos(nf) have for each natural number n?

Question 8 Looking back through the graphs in the section, it’s clear that many polar curves enjoy various
forms of symmetry. However, classifying symmetry for polar curves is not as straight-forward as it was for
equations back in Section ??. In Exercises ?? - ??, we have you and your classmates explore some of the
more basic forms of symmetry seen in common polar curves.

Problem 8.1 Show that if f is even? then the graph of r = f(6) is symmetric about the x-axis.

1. Show that f(0) = 2 + 4 cos(f) is even and verify that the graph of r = 2 + 4 cos(0) is indeed symmetric
about the x-axis. (See Example ?? number ??.)

0 0
2. Show that f(f) = 3sin > is not even, yet the graph of r = 3sin <2> is symmetric about the x-axis.

(See Example ?? number ??.)
Problem 8.2 Show that if f is odd® then the graph of r = f(#) is symmetric about the origin.

1. Show that f(8) = 5sin(20) is odd and verify that the graph of r = 5sin(20) is indeed symmetric about
the origin. (See Example ?? number ??.)

0 0
2. Show that f(f) = 3cos 2) is not odd, yet the graph of r = 3 cos <2) is symmetric about the origin.

(See Example ?? number ??.)

Problem 8.3 Show that if f(m — 0) = f(0) for all 6 in the domain of f then the graph of r = f(0) is symmetric
about the y-axis.

1. For f(f) = 4 — 2sin(0), show that f(m — 0) = f(8) and the graph of r = 4 — 2ssin(f) is symmetric about
the y-axis, as required. (See Example ?? number ??.)

2. For f(#) = 5sin(26), show that f (7r — %) Zf (%) yet the graph of r = 5sin(26) is symmetric about
the y-axis. (See Example ?? number ??.)

Question 9 /n Section ??, we discussed transformations of graphs. In Exercise ?? we have you and your
classmates explore transformations of polar graphs.

Problem 9.1 For Exercises ?? and ?? below, let f(6) = cos(f) and g(f) = 2 — sin(6).

1. Using a graphing utility, compare the graph of r = f(0) to each of the graphs of r = f (0 + %) r=

3 3
f (9 + :) r=f (0 — %) andr=f <9 — :) Repeat this process for g(0). In general, how do you
think the graph of r = f(6 + o)) compares with the graph of r = f(0) ?

2Recall that this means f(—6)
3Recall that this means f(—6)

f(0) for 6 in the domain of f.
—f(6) for 6 in the domain of f.

CC BY-NC-SA 4.0 MY XOURSE

MY ORG (2026/08/03.14)

My DEPARTMENT


https://creativecommons.org/licenses/by-nc-sa/4.0/deed.en
https://creativecommons.org/licenses/by-nc-sa/4.0/deed.en

p. 20

EXERCISES FOR POLAR GRAPHS

1
2. Using a graphing utility, compare the graph of r = f(0) to each of the graphs of r = 2f (#), r = Ef @),
r = —f(0) and r = —3f(0). Repeat this process for g(#). In general, how do you think the graph of
r = k - f(8) compares with the graph of r = f(0) ?
Follow up question: does it matterifk > 0 ork < 07?

Problem 10 /In light of Exercises ?? - ??, how would the graph of r = f(—6) compare with the graph of
r = f(0) for a generic function f? What about the graphs of r = —f(#) and r = f(6) ? What about r = f(0) and
r = f(m — 0)? Test out your conjectures using a variety of polar functions found in this section with the help of
a graphing utility.

Problem 11 With the help of your classmates, research cardioid microphones.
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