TOPIC: POLAR COORDINATES
Intro to Polar Coordinates

# Like the rectangular system, you'll use the polar coordinate system to plot points in terms of r & 6.

» " is the distance from the pole (origin), and @ is the £ from the polar axis (+x—axis).

Recall Rectangular Coordinates New Polar Coordinates
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# To plot points in polar coordinates, locate first, then count units away from pole.
. . 21 T T
EXAMPLE Plot the points on the polar coordinate system. 3 5 3
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¢ [f 0 < 0, measure angle [CW | CCW]. This is a reflection over the [POLE | POLAR AXIS].
¢ If r < 0, count from pole in direction. This is a reflection over the [POLE | POLAR AXIS].



TOPIC: POLAR COORDINATES

Plot the points on the polar coordiante system.

(4)

(5,60°)

(B)
(3,90°)

©)

(D)

Plot the points on the polar coordinate system.

(4)

(5,210°)

(B)
(—3,-90°)
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TOPIC: POLAR COORDINATES

Determining Different Coordinates for the Same Point

# |n polar coordinates, one point can be represented by multiple ordered pairs.

Recall

-

Coterminal Angles

62 - 61 i 277:77.

New  Diff. Coordinates for Same Point
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For the point (4,%), find another set of coordinates, (1, 8), where:

(4)

r=>0,

—2r<60<0

(B)

r<o,

0<6<?2m



TOPIC: POLAR COORDINATES

Plot the point (3%) & find another set of coordinates, (, 8), for this point, where:

(4)
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TOPIC: POLAR COORDINATES

Plot the point (5, = g) then identify which of the following sets of coordinates is the same point.
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Plot the point (—3, = g) then identify which of the following sets of coordinates is the same point.
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TOPIC: POLAR COORDINATES

Polar Rect.

Convert the points to rectangular coordinates.

(4)

X =1rcosf

y =rsinf

©
(_310)

(D)



’ Polar Rect. ]

# To convert rectangular coordinates to polar, use the Pythagorean Theorem and tan.

Convert Points from Rectangular to Polar

TOPIC: POLAR COORDINATES

Rectangular — Polar Coordinates

New
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HOW TO: Convert Points Rect. to Polar

Plot the points, then convert them into polar coordinates.

EXAMPLE
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[ Polar Rect. }

HOW TO: Convert Points Rect. to Polar

TOPIC: POLAR COORDINATES

Convert the point to polar coordinates.

EXAMPLE
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Convert the points to polar coordinates

PRACTICE
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HOW TO: Convert Points Rect. to Polar
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TOPIC: POLAR COORDINATES

Convert Equations from Rectangular to Polar Form

+ To convert eq'ns from rect. to polar, replace x & y with r cos 8 & r sin 8, and solve for ___.

» Note: You can replace

with .

EXAMPLE Convert each equation to polar form.

(4)

y=5

(B)

y=x+1

Cc
© x% +y% =25

Convert each equation to its polar form. In (B), solve for 2.

(4)

y=x

(&) 4xy = 2

Polar

Rect.




TOPIC: POLAR COORDINATES

Polar Rect.

Convert each equation to its polar form.

(4)

y—x=6
(B)

3y—5x=2
©

x2 +y%2=2y
(D)

x>+ (y—2)72=4



TOPIC: POLAR COORDINATES
Convert Equations from Polar to Rectangular Form

Polar Rect.

# To convert from polar to rect., manipulate eqn to obtain 7 cos 8,7 sin 8, or r2, then replace with x, y, or x* + y2.

EXAMPLE Convert each eqn to rectangular form
and identify the shape of its graph.

HOW TO: Convert Equations from Polar to Rect.

1) Get r cos @, 7 sin @, or r?. Strategies:
° /multiply both sides by

e Rewrite trig fcns in terms of &

e Eliminate fractions by mult. both sides by
2) Replace r cos 8,7 sin 6, or 12

3) Rewrite equation in its “standard form”
o If x2 +y2=4#-x or#-vy, complete the square

e If /, eliminate by squaring both sides

(4)

r=4
(B) r =secH
© r =6sind

x=rcosfd y=rsinf

X2 +y? =72




TOPIC: POLAR COORDINATES

Polar Rect.

Convert the equation to rectangular form and identify the shape of its graph.

’ HOW TO: Convert Equations from Polar to Rect.

r=—""—
1+ cos@ 1) Get r cos 8,7 sin @, or 2. Strategies:

e Square/multiply both sides by r

e Rewrite trig fcns in terms of sin & cos

e Eliminate fractions by mult. both sides by denom.
2) Replace r cos 8,7 sin 9, or 12

3) Rewrite equation in its “standard form”
o If x2 +y2 =4#-x or# -y, complete the square

e If /, eliminate by squaring both sides

x=rcosf@ y=rsinb

X2 +y? =72

PRACTICE Convert each equation to its rectangular form.

@ r =—4cos0 (B) 2

r=——
1—sinf




TOPIC: POLAR COORDINATES

Introduction to Common Polar Equations

+ When working with polar equations, you need to classify and graph these four shapes:

Cardioids

Limagons

Roses

Lemniscates

r=a+tbcosb
r=a+bsind

a>0b>0,
a b

r=a+tbcosb
r=a+bsind

a>0b>0,
a b OR a b

(dimple) (inner loop)

r=acos__0
r=asin__ 0

a*0
n=2734..

Classify the given equation.

(4)

r=14cosb@

[ CARDIOID | LIMACON | ROSE | LEMNISCATE ]

(B)

r =4sin 20

[ CARDIOID | LIMACON | ROSE | LEMNISCATE ]

Identify whether the given equation is that of a cardioid, limagon, rose, or lemniscate.

[ CARDIOID | LIMACON | ROSE | LEMNISCATE ]

[ CARDIOID | LIMACON | ROSE | LEMNISCATE ]

[ CARDIOID | LIMACON | ROSE | LEMNISCATE ]

(4) ,

r = 45sin 20
(B)

r=3+4+2cos0@
©

r? = —25cos 260
(D)

r=1-—sinf

[ CARDIOID | LIMACON | ROSE | LEMNISCATE ]




TOPIC: POLAR COORDINATES OIO[k |0

Cardioids

# Recall: A cardioid is of the form:| r = a + bcos@ ORr = a + bsin 8 |where a = b.

» To graph a cardioid, first determine symmetry, then plot points at quadrantal angles.

EXAMPLE Graphr =1 + cos 6 HOW TO: Graph a Cardioid

T q
= 1) Symmetry — If eqn contains: cos sin
JUBEEL ST, polar axis 9:%
//” \\\\ 7-[
AUt B /\f* 2) Find & plot points at quadrantal angles
S | N . —
,I I// \\v/” \\\v// \\\ \\ 0 0 — T -
i I ’ \\/;- - \// \ \\ \
] ! ! 2N s\ \ \ \
1 |’ |I Il N 4 \| \ ! r
:: 1 1 x T 1 ‘ 0
N DOV
\ \ /): :/\\ / 1 ) )
AR SN 3) Connect with smooth, continuous curve
\\ \\ , X . ,,\/\\ ’// /I
\ \ S Lo--7 N ; . /
I v
\<, \\x‘ ’,’/ \,‘/,
Ty




TOPIC: POLAR COORDINATES OO %ﬂé’ &

EXAMPLE Graphr =2 + 2sinf
HOW TO: Graph a Cardioid

T
2 H . -
Y 1) Symmetry — If eqn contains: cos sin
Pt BN . T
- . T polar axis | 6 ==
e S 2
/&\ ,"—___—~~‘\ ,>\4
i M ,’/ N 2 % . .
B R M0N 2) Find & plot points at quadrantal angles
,I ’/ \\\/,, \\v// \\ \\
/ /I PN P \ \ A 3T
I ' K UL RIS | i) 0 0 _ T -
AN FA YR N T Z :
<+ ' , t— - » 0
oo Uy 2 3 4 i
\ ‘\ ‘\ ,): :«\ / II ”
\‘ \\ \ 7 s . ,/ ’ II
\ x e b ' n
NN L e N 3) Connect with smooth, continuous curve
\ M Fe|lpe= v, ’
\\ . \‘\ ,// b ¢ /, \_ J
(\ \\~~____—", >
~__i ___,—”

PRACTICE Graphr =2 —2cos 6
HOW TO: Graph a Cardioid

T
2 H . "
Y 1) Symmetry — If eqn contains: cos sin
Pt BN . T
- o B polar axis | 6 ==
Ve S 2
/&\ ,"—___—~~‘\ ,>\4
i N ,’/ N 2 % . .
U S MN 2) Find & plot points at quadrantal angles
,I ’/ \\\/,, \\v// \\ \\
/ /I PN S \ \ A 3T
g ' K UL RIS | i 0 0 _ T _
,’ 'll ’I I/ /\\\ ,,' \\ \\ \| ‘l 2 2
<+ ' ; T — . > 0
oo Uy 2 3 4 &
\ ‘\ ‘\ ,): :«\ / II ”
\‘ \\ \\ & S<F- . /I ) ,’
\ x X /I . .
AN Y 3) Connect with smooth, continuous curve
NooX T NS
\\ o \\\ ’// S / L
Sa ‘\s______,,’ ,/‘
S [




k(oo

OO

TOPIC: POLAR COORDINATES

Limacons

wherea > b OR a < b.

r=a+bcos@ ORr=a+bsinb

+ Recall: Alimagon is of the form:
» Graph limagons just like cardioids, but first determine if it has a dimple or inner loop.

EXAMPLE Graphr =3 —2sin6 HOW TO: Graph a Limagon

T 1) Ifa [> | <] b, limagon has | dimple | inner loop
ﬁ no zero zero
//”” \ \\\\ n
A e s 2) Symmetry —> If eqn contains: |  cos sin
S P SN \\
RSO T polar axis | 6 ==
Sy ke \\v/ \\ 2
! Il/\ . 1 - \\ \\
] N7 = 0 \ q .
A A A 0 3) Find & plot points at quadrantal angles
< - - — - >
Y B 0 = e
! \\ \ >/\ O . . ’l 0 — VA —_—
) LAY PN Y 2 2
\x/ 4 /
\\ 7 S N - ’ A /I Tr
Y I ~
R 4) Connect with smooth, continuous curve
s \




TOPIC: POLAR COORDINATES OI® ‘%ﬂé’ A

EXAMPLE Graphr =1+ 2cos 6
HOW TO: Graph a Limagon

T
2 : . .
-+ 1) Ifa [>| <] b, limagon has | dimple | inner loop
o T om no zero zero
/&/\ ,"—___—~~‘\ :>\4
/// \\x,’/ \\\y/l \\\
A "\\v/ NN 2) Symmetry — If egn contains: cos sin
/ 7\ RN ¢ \ q T
A N R polar axis | 6 =~
’I ll II B S | ‘\ \ 2
N 4 \
—_— |
o LN sl 28 'f* 3) Find & plot points at quadrantal angles
\ \ 8 2 pE e S ,’ ]
‘\\ X /\x: \,(: A ,’ 0 0 E s 3_7T
X AN L’ \\~~ —’,’ S, f // 2 2
< T S
\<: \\\~_ _’,f’/ \,\'l T
v 4) Connect with smooth, continuous curve
| J

PRACTICE Graphr =1+ 2sin6
HOW TO: Graph a Limagon

s
2 : . .
-+ 1) Ifa [> | <] b, limagon has | dimple | inner loop
o T om no zero zero
/&/\ ,"—___—~~‘\ :>\4
/// \\x,’/ \\\y/l \\\
i e 7 8 2) Symmetry — If egn contains: cos sin
’ 7A /\’\ \ \ .
A SO polar axis | 6 ==
; g ! >\\ /,"\ v 1 i 2
— s |
Lo LN S 'f* 3) Find & plot points at quadrantal angles
\ \ Wl pEE g SN ,’ I
‘\\ % ,\xl \/(: i ‘ 0 0 E T E
N AN e \\~~ —’,’ S // 2 2
o % T X
\<\ \\\\~_ _,—”/ \/"l Tr
2 4) Connect with smooth, continuous curve
\




TOPIC: POLAR COORDINATES OI® ‘*’ A

Roses

® Recall: Arose is of the form:| 7 = acosn@ OR r = asinn® | wherea # 0,n = 2.

» To graph a rose, plot first petal, then determine the spacing of other petals.

EXAMPLE Graph r = 4 cos 260 HOW TO: Graph a Rose

T
= 1) For n [even | odd], [2n | n] petals:
2
_“__ ]
g Teea 2) Plot first petal: ( : )
= T a
/«' S TN \>\4
N T SN cos sin
/ x Y AY
,’l /'/ N vz"— N\\\V ’ \\\ b 0=0 6= %
1 N 7N\ \ \
i / 4 \\ 1 // \ \ \
g / /! 24 A N v 0
1 1 AN IR \ \ 21 2n
—_— ) 3) Plot other petals spaced outby — =~ . =7
oo v 2 3 4 # petals
\ ‘\ ‘\ ): :/\ l I’ ,'
\ \ /’ S~ - \\ Vi
\\ \\\ \x/ \(/ /' ,I 0
\ \ < S ,’/ N / /
S N S L-o-- N ’
\ Ny BV /7
\\ ,/\ R PN ,/ r
\<\ \\\\5 —,’// \>/
“\-__‘.'___—/’ 4) Connect with smooth, continuous curve
|




TOPIC: POLAR COORDINATES OI® ‘*’ A

EXAMPLE Graphr = 2sin 360
HOW TO: Graph a Rose

s
> 1) For n [even | odd], [2n | n] petals:
A n - .
JUPPEE. SRR 2) Plot first petal: ( , )
O \,\3\ T a
// \ i // Sy = .
SO T o4 cos sin
i LW \\ 0% S~ . T -
’ x \ / N A J—
ASURAERN S S AN 23 = =—
I/' \\,L \V,\’\\ 3 L’ \\/, \\6 9 0 9 B
[ AT AN ) ,/\\ T \\

1 1 < NP C) 7’ P \

" 'I ! Sy 7‘/:‘\ ’ ‘,\'/ =27 “ ‘| 21 21
P R AL /Xt S S T 3) Plot other petals spaced outby —— . =
< ' ] —e— : > 0 # petals

! 1 \ Pl Roa ™, 1 2

0 \ N O RS ; [

' \ SR I NN H I

‘\ \\ /,\\ . /’ S I SO /S II 0
\ . -~ ,‘/\ /' \\ /(\ \/l ~ /
\\/, \\ e % —’)\’ S // ‘\rl
I A R 7
"\ RSN RRSPtIaeN /,\'
\‘\\___ _/,/" 4) Connect with smooth, continuous curve
Y | J
PRACTICE Graph r = 3 cos 460
- HOW TO: Graph a Rose
2
- 1) For n [even | odd], [2n | n] petals:
,/’/ \*\ 1/ .
- S 2) Plot first petal: ( , )
A PO AN ,>\4 a
//, \\x/’/ \\y/' \\\ .
/ b I Y \ cos sin
/I ,/ Ve \\v, \\ \
S 2N \ A
! K A i \ 0=0 0=—
1 ' / v ~ A \ Y 2n
! 1 1 ’ \\ /,\\ \ \ ‘l
1 1 1 1 N 4 \ \ 1
—T— 0 2 2m
I VA I s 3) Plot other petals spaced outby —=— . =
] \ AN PPN / f # petals
\‘\ \\ x \’\/\ // II
\ , SO ‘,’ S P II
N RS S <
\:\ e -
4) Connect with smooth, continuous curve
|\




TOPIC: POLAR COORDINATES O @ % @)

Lemniscates

7?2 = +a?cos 260 OR r? = +a? sin 26 | where a # 0.

¢ Recall: Alemniscate is of the form:
» To graph a lemniscate, plot the first petal, then reflect it over the pole.

EXAMPLE Graphr? = 4sin 26 HOW TO: Graph a Lemniscate

s .
> 1) Plot first petal: ( : )
a
A
SRt RN +aZcos —a?cos +a?sin — a?sin
> N
- SN — T s 3
4 -=F-- R = = - = = —_— —
/&\ r"— \‘\\ y\4 9 0 9 2 9 4 9 4
. AN ,/ Se & %
OV T 2) Reflect petal over pole
7\ 4 \
:’I /! /’ \\,*’ = \\\ \\\ \
] 7 > . .
A Y AN 1720 W U T 3) Connect with smooth, continuous curve
o M P2 \ |
‘; 1 1 H T T 1 I> 0
l \ 4 < ! 1 I 2 _
y \ \ o7 4 1 1
' \ \ , P . ' 1
\ \ \ ’ ~-F- N ’ i i
\ \ \ N K ;
\ \ /\/\ ,\’\ 7 j
* O 4 S =< N ’ ’
AY \ 7’ \~~ _- N s s
\ \/\/ -F- N p
e 7 N s N ’
\\ P S~ e Sy 0
¥ S ’a’ ,\’
5 S| L o= e
S|




TOPIC: POLAR COORDINATES OI® ‘%ﬂé’ S

EXAMPLE Graph r% = 25 cos 26
HOW TO: Graph a Lemniscate

1) Plot first petal: (___, )

V' N
f’—_—- ——~~"~\ a
-7 S T
it S B 2 +aZ%cos —a?cos +a?sin — a?sin
AN Z= S~ 20N
’ N o< \\\ , \ T T 3m
/I ,x: ‘/: \\ 9=O 9=_ 9=_ 9=_
)/ AN RN 2 4 4
’ N 4 ~
II ,' //v\\ /v\ b ‘\
n 1- \ \
AN I N T 2) Reflect petal over pole
! 1 I A P ‘\ \ |
4.' 1 1 1 \x/ \‘ \ 1 ‘l’ 0
<« - - . .
' ' \ L2 4 6 8 3) Connect with smooth, continuous curve
\ ‘ - 1
“ \‘ \\ ,>~\__’,'\\ I' ,' Il
& 1 \ J
\\ \\ ,\": \/‘(: ,I /I
\ \ . ~ PAEN ’ ’
\ SF Soo Lo 4 ’
\\ ,/\\ V. //
\\ ,/ ~ ,/z \\ '/
< |- s
s 2

3 \eq (¢ =8 Graph 2 = 9sin 20
HOW TO: Graph a Lemniscate

T
2 : .
Y 1) Plot first petal: ( , )
4’—_-— ____ ~ a
27 Yoy T
< B B N +aZcos —aZcos +a?sin | — a%sin
2N o S P
. N P S ’ N T T 3
// " Ny \\ 9=0 9=_ 9=_ 9=_
/ RN _--F-- AN \ 2 4 4
’ , S 2% Sy \ Y
’I Il /,\/\ N \\ U
N AN :
N N Y 2) Reflect petal over pole
! ] 1 N 28 \\ \ !
! 1 1 1 N P \ 1 1
+ — > () . .
< T
N R T 3) Connect with smooth, continuous curve
\ l\ 3 /): :&\ ’ I’ ,'
\ \ N e e S ’ [ \ y,
\ Y x” ‘/«\ K g
\ \ P ~ & \ ’ /
\ N SeoLo-- N /
\ N, =|r v /
b PR PN 4
N7 NS o7 A ,'
<\ \\N\____—”/ ,,\
\\ L
S




