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Basics
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Cartesian Coordinates

Our usual system is called Cartesian coordinates (or Rectangular
coordinates or Box coordinates). A point in space is described
using the ordered pair

(x,¥)
where x is the horizontal component and y is the vertical
component.
y
(x,¥)
y
X
X
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Polar Coordinates (When r > 0)

In Polar Coordinates, a point in space is described using the
ordered pair
(r,6)

where r (called the radial coordinate) is the distance from the

origin (called the pole) and 6 is angle the ray O? makes with the
positive x-axis (called the polar axis). Positive angles are
measured counterclockwise.

(r,0)

0] 0=0; r>
< j €20
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Polar Coordinates (When r < 0)

When r is negative,
(r,0) = (r],6 +7)

o(rl,0)
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Example

Problem 1

Plot the points whose polar coordinates are given:

(a) (1,5m/4) (b) (2,37) (c) (2,—2x/3) (d) (=3,37/4)
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Representations are not Unique

Unlike in Cartesian coordinates, there are multiple ways to describe
the same point in space. Why?

(c/®) Cr.' 9) =(r ﬁ+2ﬂ> n a
"(\"( &+ a'm") U‘H@ff’

)T
()= (-r 64m)

In practice, we restrict|r > 0 and 6 € (—m, 7] o make it unique
(although this is not required). This is useful in plotting points,

not necessarily when plotting curves.

Z. Pence
MA 16200: Plane Analytic Geometry and Calculus Il




Example b

Problem 2

Give two alternative representations for each point:

(a) (1,5m/4) (b) (2,37) (c) (2,—2x/3) (d) (=3,37/4)

00%)= 9‘”)

( a1) =
&) (%) =[5 316777? =
© (2, -F -ar)= :
D5 :
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Converting Between Coordinate Systems
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From Cartesian to Polar

How can we convert a point in Cartesian coordinates to Polar?

a XL
(PEXY

(x,y) %W@r: '%é(:

y

-
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X

O
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Converting Between Coordinate Systems
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From Polar to Cartesian

How can we convert a point in Polar coordinates to Cartesian?

_,_5_(__:: CO
b= 504(9'
.

= r‘cosfg

N
fg: rsm&z
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Converting Between Coordinate Systems
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Summary of Formulas

Theorem 3 (Converting Coordinates)

A point with polar coordinates (r,0) has Cartesian coordinates
(x,y), where:
x=rcosf y=rsinf

A point with Cartesian coordinates (x,y) has polar coordinates
(r,0), where:
rP=x*4+y? tanf =

X I<
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Converting Between Coordinate Systems
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Example

Problem 4

Express the point with polar coordinates P(2, 337”) in Cartesian
coordinates.

- ¢ CosO = A cos Y 7 - &(-%5)
- -2 :/@;

v - 2 s = 2[)
=i - 2 on 2%
5

1/

(x) = (-3, =)
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Converting Between Coordinate Systems
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Example

Problem 5

Express the point with Cartesian coordinates Q(1,—1) in Polar
Coordinates.
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Converting Between Coordinate Systems
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Example

Problem 6

Express the point with polar coordinates P(2, 3) in Cartesian
coordinates.

~ =reos = A cos Bﬂr:g( )
o b - ;w%-_—a(a =

%y)=(1,43)
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Converting Between Coordinate Systems

Example

Problem 7

Express the point with Cartesian coordinates (—4, —4+/3) in Polar
Coordinates.

s c -
é Yl 45 - 5

(R

[Ceep Ge (-m dl B
uj(fﬁ)?-(@r “@ﬂ (3G, -3
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Polar Curves
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Functions in Polar Coordinates

We can relate r and 6 like in Cartesian, these are called polar

curves.
Cartesian Polar
Explicit y = f(x) Cr=F£(0)
y = 3x r=1+sind
Implicit F(x,y)=0 F(r,0) =0
x>4+y>—1=0 rsinf=4
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Example

Problem 8

What curve is represented by the polar equation r = a (where a is
a constant)?

r=c
L

2
r = G
x 2
LARTRENA
Cicle.  cented ak Yhe
01 Wb mdivs [oy
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Polar Curves
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Example

Problem 9

Find the polar equation for a circle whose center is the (cartesian)
point (a, b) and intersects the origin.

1;(31--_:{ (,)( 0\\9\_} (,,a__ b}g — CL’L_L IOL

b Erd ’%*’KL %mfe
‘ r2-Qox - al'wa ‘g-rsma'
Q\Q_f__cof)g (QWSM&I o _/réo

r[_r Lo cos —2b 51 P)= OF

- Sos 6 0 O | - Anaal 255 E]
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Polar Curves
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Example 9".% descrbes G verhad e P&wﬁ Heg

the ofiy (wluﬁ e S‘lapc i undelined)
Problem 10

What curve is represented by the polar equation 6 = 6y (where 0
is a constant)?

T Calksian  Coordiates
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Polar Curves
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Example

Problem 11

What curve is represented by the polar equation r = 67

(am2w)
g-o
[ H'\-ohim:l:«] SPmJ
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Polar Curves
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Example

Problem 12

What curve is represented by the polar equation rsinf = 107

Horizonkd Line sy G = [0
Yelo A =lo
Jio 4=10
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Polar Curves
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Example

Problem 13

What curve is represented by the polar equation rcosf =57
7
~

x=$

e vehad Lime wos | ls
s
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Polar Curves
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ran Yre Slope 5
Example for el — defined

Problem 14

Convert the equation for a line y = mx + b into Polar coordinates.

Y= mix +

rsinO = mr‘casﬁ-‘-lo

r(‘su—l B -mewsd) = b
b

= Sopmeost
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Polar Regions
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Annuli

Problem 15

Describe the region in space: ll <r<2 (

= | =2

AY\M\% Witk 1ones

radus ok L o
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Polar Regions
Sectors

Problem 16

Describe the region in space: § <60 < %, r <3
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Polar Regions
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Polar Boxes

Problem 17

Describe the region in space: 1 <r <2,0<6<

jus
4

POIa( @036
Rl Reclange 0 lenghh -
and LIN;LH»“ a'{: %
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