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Topics in Analytic Geometry

10.8 Graphs of Polar Equations

1729



11111

Read Sec 10.8

Complete Reading Notes
Dop79179 11,13 21, 25 3% 37 39 43 47

2 /29



180°

120° Z= A7 1557
2¢ 12 2 12, 600
3 2 e
150° 4 v Mo
5z 4
= 53
165° 113 T g0
12 12
b4 0,21 360°
, 13z 231 ot
195° o 5
7
210°7g %noo
Sr 7z
e Al
22 4 315°
an 5
2400 27 =
3 17t '3, 197z 3
2550 12 5 12 2g5°
270°

» Use point plotting to graph polar equations.
» Use symwmetry to graph polar equations.
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Using Polar Grids to Graph

#:Use point plotting and symmetry

“to graph polar equations.

i7+ As1have told you many times, the

equation.

i+ Wegraph polar equations

on 2 polar grid.

one certain way to graph any
equation is by using a table of values.
Polar equations are no exception.
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i#:Use point plotting and symmetry

Graphing an Equation by Plotting Points = cimhorios ecstions

i+ Graph the equation v = 4 sin @ with @ in radians.

i1+ Use multiples of 3 from Q to w to
generate coordinates for points.

++> We construct a partial table of values

for v = & sin O using multiples of % :
Then we plot the points and join them
in a smooth curve.

a o|f w|P N wiaela © |
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Graphing an Equation by Plotting Points o5 o cuatons "

with @ in radians.

0 4sin0-4(0)  (0.0)

Y 7n/12 n/2  §n/12
= 4sin® - 4|1 2 %
9 6 ZJ 4
r s
= asin® - 4[ 13 (Z\E,f)
3 3 L2 Iy
= asinZ - 4(1) [4, EJ
2 2 2

A e ‘ :
T anZ 4B (2R
3 ISR EE 3

)
= 4(1 (z, 5’5]
6 6 2 6
.

4sinn = 4 (O) (O, 1:)
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Graphing an Equation by Plotting Points o5 o cuatons "

i+ Graph the equationr= 4 3in © | ,
with @ inratdians. o We. can verify ﬂTaf the graph is
a circle by changing frowm polar
form to rectangular form.

7n/12 =w/2 9%n/12

2n/% — ~ /3
In/4 ' . !

r=42ind
v2=4rsin®
x’%v‘:‘v
xtryl-dyrq=q
xt+ly-22=4
GO 2;r=2
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“ The graph of r=a sin Q is

Using Polar Grids to Graph tichacddistiic st

a cil")'e 7212 w2 5u/12 :rhe g.raph Of r=acos 0
' 2003 /s is a cirele.

/4 ‘ .‘ -
51/6 ‘2* ,"‘ /6
117:: 2 .-£§§\¥Z'ﬁt:‘== /1 2

© Thediameterof Tl ™ Thediameter of

r=asin@isa r=acos0isa
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i+ Graph the equationy=Q -

0 2cos0 = 2(1) (2.0)
® 2cos > = 2 V3 (JQ E}
6 6 \ 2 J \ .6,
3 2cos£=2[-1-} I.EJ
3 3 2 3
: enf-20) | [0f)
2 2 2
ﬂ Zcosg=2(—1]

4 3 2

Sx

6

V2

2cos x = 2(-1)

- r=Qcanbewritten

HEtlighm

£ T
S SR

\“' ] ]237t/12

“#:Use point plotting and symmetry

Graphing an Equation by Plotting Points °

~to graph polar equations.

r=2cos0

n/12

‘ ’ /6
/4
9n/3

197/12
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Tests for Symwmetry in Polar Coordinates i cion oo rortomr et

"
uvE o
wuse. 3 < I 1o
3 3
150° 4 % —t
» T
6 it
168 i o
12 T el
e 7 8, 2r 360
— 23
188 3 T
123
nrg %:—-
£ Te
=2 ¥ = 4 ns
4 -—
MET 1 o3 m 3"
ass° 12 1 32 2080

Equations. The tests VERIFY the symmetry, or guarantee the symwmetry,
but failure of the tests does NOT guarantee lack of symwetry.
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Tests for Symwetry in Polar Coordinates ;3 hmnmior cacatione "

i+ Symwetry with respect to the Polar Axis.

=+ It wereplace @ with =9, and we get the same graph, the graph is
symmetric with respect to the polar axis.

i+ By replacing @ with =@ we get an equivalent equation.

oot Q) =00t ®
r=00%0
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Tests for Symwetry in Polar Coordinates ;3 hmnmior cacatione "

1 Ifwereplace ® with -0, and v with =r, and we get the same graph, the graph
is symmetric with respect to the y-axis. By replacing (r, 8) with (-r, =0,) we
get an equivalent equation.

r=sin®
=r = sin (=0)

l
‘ A \ I 3 N
: 12 ‘ g n ‘ ‘s n

~r=-sin®
r=sin®
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Tests for Symwmetry in Polar Coordinates i cion oo rortomr et

v Symmetry with respect to the Origin (Pole).

i |f we replace ¥ with =, and we get the same graph, the graph is
symwetric with respect to the origin. By replacing (r, 8) with (~r, 8) we
get an equivalent equation.

r2=sin® T
(-2 =¢in6
=12 =r? eea: Bisecnans:

r2=sin®

13/29



i Use point plotting and symwmetry
SYWIWIQ‘I' YY to graph polar equations.

i+ Symwmetry with respeet to the Polar Axis

i+ Replace (r, @) with (r, -8) or (-, w=0) results in an equivalent equation.

i+ Symmetry with respect to the Y-Axis (@ = w/2).
i+ replacing (r, @) with (~r, -8) or (. w-8) we get an equivalent equation

i+ Symwetry with respeet to the Origin (Pole).

2+ |t is important to understand that there will always be symwmetry of some
sort, EVEN IF ALL THREE TESTS FAIL. Graphing the equation will verify
symmetry.
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- = Use point plotting and symwetry
0 a “d Max l WIU Wl Va l Ue {0 grpaph pglar equations.

+« There is another aid in graphing polar equations that is the result of what we
know about trigonometric functionsy = cos 8 and y = sin 8. We know the
range of cos 0 and sin 8 are both [-1, 1].

%« For the polar equation, v = 2sin ©, we find

i+ Maximuwm value of r: f= Zsln% =2 (2%)

i or=0 r=28n0=0
0=0,r (0,0):(0,7)
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Example: Graphing a Polar Equation Using = use point plotting and symmetry
Symme‘l'ry to graph polar equations.

Check for symmetry and then graph the polar equation r = | * ¢os ©:

First replace @ with =@,

r={%+*cos-0) cost~0)=c0s® r=1+*cosO
Symwmetric with respect o the x (polar) axis.

R

Replace @ with =0, and r with =r
-r=1{+cos(-0) cos(-8)=cos® vr=-1-cos@
Not symmetric with respect to the y-axis. (e ,

N

\
ik
2,

Replace ¥ with =p
-r={+c0s® r=-{-c0s0

Not symmetric with respect to the origin (pole).
16/29



#:Use point plotting and symmetry
to graph polar equations.

Example: Graphing a Polar Equation Using
Symmeftry

i+ -Graph the equation v = | *+g0s @with @ in radians.

712 /2 51/12
/3
n/4 0 1+cosO0=1+1 (2,0)
""‘ 4 % 1+cos™ = l+§ (1-87.£]
y 4";\“ /12 = 6 2 : 6
',/Aﬁ\‘ | 3 1+cos§=l+% (lz.g)
SESaREY AR =
‘\“\}’/’... 231/12 2 | 1+ cosg =1+0 (1. g)
. 111/6 2r °E ( g (1 zﬂ}
3 1+cos—=1+|--— -, —
“ /4 F ZJ e 3
3 Sz B )| (.. 5%
g 197712 s 6 1 o 1 [-?) \\.13.?}
T 1+cosn=l+(—1) (O Jt)

i+ Fill in the rest with symwmetry about the polar axis.
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Example: Graphing a Polar Equation Using

1#:Use point plotting and symmetry
Symwetry

“to graph polar equations.

O 1+cosO=1+1 (2.0) O 1+cosO=1+1 (Z.O)

T s ) /3

6 1+cosz6t-=l+iz_3- 1-37.% e m+cos(—§]=1+§ 137.—%]

(1 T ]

™~ (9 1 l x T 1 1 =
il {5 - = o ol o S | o] By [ o

3 1+c033 1+z (2 3] 3 +¢°$( Y fata - (12. 3]

n /4 ) ( i

Z 1+cos§=1+0 (I,g] _E l+cos(—§}=l+0 O—g)

5 7 \.

2n Y

s 1+cosg=l+ ot —l, & _E l+cos(-£)=l+(-l] 1,—2

3 3 2)| | 2" 3, 3 3 2 23

3\

% 1+cos£=l+[—£ (.13 ﬁ] _5_7t 1+m(--5——€)=1+[=£} ,13.—22]

4 6 LR IS tadaal 6 E 2L 6

T 1+cosx=l+(—1) (O,n') -t l+cosx=l+(-1) (0,—7:)
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. i#:Use point plotting and symmetry
Ll Wla()O NS to graph polar equations.
.+ Thegraph of r= 1 +cos 0 is an example of a limagon.

Thegraphsof r=a-bsin® vr=a+bsin®
r=a-bcos® r=a+bcosO

5= are limagons (a> 0, b > 0).

r=15+cos6 r=1+cos 6 r=0.5+cos 6
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- % Use point plotting and symmetry
lo' WlaQO ns to graph polar equations.

r=a+*becos 0 r=a*+bhsin®

In/12 n/2 9n/12 In/12 n/2 9n/12

11212 .’\“v 4’,’“& w12

2

AT A
137/12 ""‘ll \\\A"./. 231/12

4r/3 /3

177/12 3:/2 197/12
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o i+:Use point plotting and symwetry
Ll WlﬂQO NS to graph polar equations.

r=a+beos®
: : : . a
The shape of the limagon is determined by the ratio i
lf%<l you have lf£=1 you have |fl<%<2 YOU lf%zz you
an inner loop. a%ear’r shape. have a dimple. have no dimple.

. ’
' I

L
XA

s e
ST

‘ o X
R 0%

Also called a
cardioid. (get it?)
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Example: Graphinq a Polar Equation st s

First check for symmefry.

Replace @with =@,

r=3c0s20) cos-20)=cos20 r=3cos20
Symwetric wufh respec’r to the x (polar) axis.

Replace @ with =@, and v wn‘h .

-r=3%c0s(20) cost20)=cos20 v=-3cos20

Not symwmetric with respect to the y-axis. (9 . gl

Replace ¥ with =p

-r=3%c0s0® v=-3c0:20

Not symwetric with respect to the origin (pole). Siane:



Example: Graphing a Polar Equation ©

“to graph polar equations.

1 Graph the polar equation: r = 3 cos 20

Ahhh, a beautiful

“#:Use point plotting and symmetry

rose curve.

we have symwetry about the polar axis.

0 | 3cos20)=3(1) (3,0)
x 3cos2—"=3[1 (2,1)
6 6 2 2 6
2 3cos§7t-=3[—1 _E.E]
5 3 2 2'3
o] 2

4 3cos—; = 3(0) (0. %]
. 3cos =% = 3(-1) (-3. g]
E 3cosﬁ=3(—1) _§.ﬂ]
B 3 2 2' 3
%’-‘- 3cos6T“ = 3(0) (0.37”]
5x 3mm4=3(1) (E.ﬁ]
4 4 2 2° 6
7 3cos2r = 3(1 (3,,,)




% Use point plotting and symmetry
KOS e c U l’Ve 3 to graph polar equations.

“ The graph of r=a sinn@, and r = a cos nO are called rose curves. The
number of petals is determined by n. If nis odd, the rose has n petals. If
nis even therose has 2n petals..

r =asin2fb r = acos 36

n=3

)~
|-a~
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% Use point plotting and symmetry
KOS e c U l’Ve S to graph polar equations.

4+ Graph the polar equation: r2 = 4 cos 20
First check for symmetry:
Replace @ with =@,

r2=deos(20) cost20)=00s20 v2=4cos20
Sywmmetric with respect to the x (polar) axis.

Replace ® with =@, and ; with =p
Cr2=4c0s(20) cozt20)=coz20 Cn2=v? v2=4c0s9

Symmetric with respect to the y-axis. (e - g}

N

Replace ¥ with =p
Cn?=400220 v2=4c0s29

Sywmwetric with respect to the origin (pole).
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Example: Graphing a Polar Equation “wimniiarcasmon

=+ Graph the polar equation: r2 = 4 cos 20

You cannot escape |9 2 =dces 20 (e, 9)
the lovely 0 4cos2(0)=4(1) (:2,0)
/6 lemniscate, = EEBis liEiEE
- 4cos—=4[— [:I: z,z]
/12 ; z: A f{
s 3y
, T 2r .
. 231/12 4 d s s 4(0 (o. 4J
n 2n
< v 3 et B
T/t -Z;” 4m%=4(-%] %
3 ér [ B :
_f. 4cosT=4(0) [O.f-]
5 10 (1 5
el BEbuest ot 018 L s
x| 4cos2n=4(t) (:27)
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- 1 Use point plotting and symmetry
LQWI " IS O a‘l'e S to graph polar equations.

— é"=
N —
.

i Symmetrie with i+ Symmetric with respect to

- the polar axis, the y axis,
respect to the pole. and the pole.

27/29



Graphing Polar Equations o ton

r=asin® i
r =asinno
r=acoso }. r = acos no % Rose

r=at+bhcosO, -

fishoitt g b r2=a?sin 20 <>Q
et a0 Lamiscae
(a>0,b>0) limagon

1. Check symmetry 2. Table of Values
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4 Use point plotting and symwetry
to graph polar equations.

11-84

v+ Asis most often the case, your very capable caleulator can graph polar
equations. This will require a little more instruction from you.

mv > FUNCTION PARAMETRIC [golWiX§i SEQ | (=)=}

While in (U3 verify the angle measure radians or degrees.

\Ri= Enter polar function (2 - |5 I8 1 ). 5 (G
=

= Graphing circles and lemniscates requires graphing two equations vr.
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