
 9.2 Polar Coordinates

We're used to describing the location of a point in

space using its xy coordinates a.k.a Cartesian coordinates

ya

PY
X how far left right from 10,01

y how far up down from 10,01

g

In MATH 115 you learned that the location of

P can be described in other coordinate systems too

i.e relative to a different basis

yau how far to move in the

direction of bi P 14VI

how far to move in the
x

direction of 52



Alternatively we can specify the location of P by

reporting

O the angle P makes with the positive x axis

measured counterclockwise

r the distance from P to the origin

yn

We call r O the P riot

r
polar coordinates of P

é
x

Let's plot some points given their polar coordinates
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let tr ol 2 351

of clockwise

Notice that rio 12,551 and fr 01 12 I

actually describe the same point P In fact

12 II 2kt KED

all describe this same point too

A point P has infinitely many

representations in polar coordinates
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To convert between Cartesian and polar coordinates we

can use the following formulas

ynGiven Ir Ol We have
P

coso X rcoso r

y

sin y rsino or
xx

Ex Find the Cartesian coordinates of r 0 12

Solution x rose 2 cos É

2 f E E

y rsino 25in



24 E E

Thus x y f E E

ynGiven ix yl we have
P

r x y r x'ty
if we take r ol y

é t s

y coso I Sino

Solve for 0

Ex Find polar coordinates for x y 1 1 B

Solution r x y 1 1 f F 2

and since cos I I
4 0 25 2kt Ket

since I I

One solution is r 01 12,25



Polar Curves

Let's sketch some curves defined in terms of r f O

Ex 5 2

Solution All points that are 2 units from the origin

ny

We can also see this

x by converting to Cartesian

r 2 x y 2 x y 4
Kircle of radius 21

Ex 0 74

ti A P that

make an angle of 74

with the positive x axis



Ex r O O 0

i

riot 172 2 Ir O IT Tl etc

Ex r It Sino

Solution For more complicated curves like this

start by sketching the graph in the ro plane
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Now use this to sketch the graph in the Xy plane

Oe fo z r increases from L to 5 2

I

Oef's T r decreases from r 2 to r 1

I I x

Offa I r decreases from r 1 to r o

1 I X



Oe E a r increases from r o to r 1

I
Th s

f called a cardioid
v

I I x

Ex Sketch the graph of r 1 2 050

Solution Va
3M p r 1 2 0 O

F so

I
1 21050 0 lost I

0 25,47
Of 0,25 r decreases from r 3 to r o
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Of it r decreases from O to 1

or r increases from O to 1 but in the

opposite direction
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on X 3

Of IT r in ireases from 1 to 0

625 YA

on IT
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Of I 2T r in ireases from O to 3
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Ex Sketch the graph of r cos 120 for Of 0,2T

Solution ra

1

in I É so

1

Of o Ty r decreases from 1 to 0

0 374 I o ly

x

0 574 6 774

Of ly s r decreases from O to 1

0 374 I o y

2
X

v

0 574 I 0 774



Of EPI r increases from I to O

0 374 I o y

2

u n

0 574 I 0 774

Of I T r increases from O to 1

0 374 I o ly

z
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0 574 I 0 774

similar behaviour
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on the remaining intervals
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Ex Sketch the graph of r 2coso

Solution In Cartesian coordinates we have

r 2 oso x'y 2 I 2 fay
x y 2x

x 2x y O

x ly t ya 1 complete the

square

so we're expecting a circle centred at 1,0 of radius 1

Ya

E x

without converting to Cartesian coordinates Instead


