Lecture 10.3

Polar Coordinates

Polar Coordinates

(In Multivariable Calculus: polar coordinates — cylindrical and spherical coordinates in 3D)

Instead of using horizontal distance and vertical distance from the axes, we use the distance
from the origin (radius) as well as the corresponding angle to express a given point.
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The origin is called the pole.
The positive x-axis is called the polar axis.

The polar coordinates for a point P have the form (r,0), where ...

o r is the distance from the origin to P, and
o @ is an angle starting from the positive x-axis and ending on the ray that passes

through the pole and the point P~
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Positive angles are measured counterclockwise from the positive x-axis.

Caution (Webwork Problem 1)

The representation for a given point is not unique in the polar coordinate system.

and (_ Y, D+ @'H+D Tf} refer to the same point.
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The origin is specified as (O, 9) in polar coordinates, where @ is any angle.

(oS ('T"—H?) =
¢in (T+6) =

— cos (D)
~sin(6)
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Find other representations for the same point (Webwork Problem 1):

Graph the point (1, S—EJ in polar coordinates. Give w0 alternative representations for the point.
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Converting Between Cartesian and Polar Coordinates
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Procedure Converting Coordinates

A point with polar coordinates (r 9) has Cartesian coordlnates Where

X = 0\6(72,@/\“{'!7\[ = ¥ coS B , 5 é/r""& r &Tn B

A point with Cartesian coordmates x y) has polar coordinates ( r .9) where
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Polar to Cartesian (Webwork Problem 2): r B

Express the point with polar coordinates ( 2, 377[) in Cartesian coordinates.

X=T cos B = 2 cos 2T - /& L=
4 L Y= —
j;%’gin{?:p_ Sin 3T = Jz o
2 N\ ¥tz
Aw\swe_r: (_ﬁ7 \/’,:3
Cartesian to polar (Webwork Problem 4): X=26{§>rﬁ

Express the point with Cartesian coordinates (1, —1) in polar coordinates.
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Lecture 10.3 Polar Coordinates

Converting Between Cartesian and Polar Equations

A curve in polar coordinates is the set of points that satisfy an equation in » and §. Some sets of
points are easier to describe in polar coordinates than in Cartesian coordinates.
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( Graph with Desmos: https://www.desmos.com/calculator/j6ha36k9zi )

Polar to Cartesian (Webwork Problem 10):
Convert the polar equation , =8sin @ to a Cartesian equation.
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Polar to Cartesian (Webwork Problem 13): C'Z:;ﬁ cod ;; (o 46
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Convert the polar equation rcos@ = —4 to a Cartesian equation.
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Cartesian to polar equation (Webwork Problem 9):
Convert the Cartesian equation x?(x? + y?) = 4y? to a polar equation.
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Graphing in Polar Coordinates

Sketch the polar equation » =1+sin 8.
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FIGURE 10 : ‘
r = 1 + sin6 in Cartesian coordinates,
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FIGURE 11 Stages in sketching the cardioid r = 1 + sin6
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The graph of a polar equation = f (0) consists of all points P that have at least one polar

representation ( r, 9) whose coordinates satisfy the equation.

Exercise Sketch the following polar equations.

(a) r=4 (b) 0=

N

@) r=4cos6@ (d) r=4sinéf

(e) r=2+2sin@ ® r=4cos260
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The graph of a polar equation = f (9) consists of all points P that have at least one polar

representation (-, @) whose coordinates satisfy the equation.
P , y q

Exercise (Answer Key) Sketch the following polar equations.

-
.

r= b :Z
(a) 4 (b) 0 0
() r=4coséf (d) r=4siné
(e) r=2+2sind 63) r=4cos20

Cardioid Four-leaved Rose



Recall tangents {rom Sec 0.2
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For the cardioid » = 1 + sin 6 of Example 7, find the slope of the tangent line

when § = /3.

s

6 = (1 + sin6) cos 6 + 1sin 26
go{“_h-an x=rcos® =|( sinf) cos @ = cos 5 sin
y =rsinf = (1 + sin®) sin@ = sinf + sin’h
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Then we have  Cec (0,2

d_yi dy/dd  cos@ + 2sinf cos®  cosf + sin 26
dx  dx/d6 —sin 6 + cos 20 —sinf + cos 20

The slope of the tangent at the point where 6 = 77/3 is
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