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The basis of the polar coordinate system is a horizontal ray that
extends to the right. The ray is called the polar axis. The endpoint
(initial point) of the ray is called the pele. A point P in the polar
coordinate system is represented by an ordered pair P = (r, 9),
where r is the directed distance of the point from the pole and © is
the angle in standard position with terminal side through point P.

P = (r, 6) .
We refer to the ordered pair (r, ©)

as the polar coordinates of P.

P /;.:"/ \ ;,j
pole polar axis
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B2 The point P = (r, ©) is |r| units from the pole.

B2 Tf r >0, the point lies on
the terminal side of .

P (r, ©)

B2 If r <0, the point lies on the
ray opposite the terminal side.

r>0 _-®
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B2 If r =0, the point
lies on the pole.




Look familiar? Just a few
extra circles.

Now lets add the Rectangular
Coordinate Plane.

Voila, the Polar Coordinate Plane.

Every point has rectangular coordinates
(x, y) and polar coordinates (r, ©)
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We refer to the ordered pair P = (r, ©) as the polar coordinates of P.
ris a directed distance from the pole to P. ®is an angle from the polar

axis to the line segment from the pole to P.

P= (r. -9)

pole polar axis

The angle ® can be measured in degrees or radians. Pesitive angles are

measured counterclockwise from the polar axis. Negative angles are
measured clockwise from the polar axis.
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Plot the point with the following polar coordinates: (3, 315°)

Because 315° is a positive angle, draw © = 315°
counterclockwise from the polar axis.

Because r = 3 is positive, plot the
point going out three units on the

712 T2 512

terminal side of ©.




Plot the point with the following polar coordinates: (-2, =)

Because = is a positive angle, draw @ = w 213
counterclockwise from the polar axis. 34

575/6
Because r = -2 is negative, plot the 12

712 T2 5rq2

point going out two units along the
ray opposite the terminal side of ©. 13012 ‘




Plot the point with the following polar coordinates: (=1,=£)

n o . T /12 “/? o
Because — 7 is a negative angle, draw ® = —-— 2w w3
. 2 . 2 /4
clockwise from the polar axis. 34 ‘ .<
St/ T

1Mw/12

Because r = -1 is negative, plot the point
going out one unit along the ray opposite -
the terminal side of ©. 13m/12 ‘
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B2 Multiple Representations of Points.
E= If nis any integer, the point (r, ®) can be represented as

(r, ©) = (-r, 6 + (2n-1) n)
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Find another representation of (5, %) in which r is positive and 27 <6 < 4x

g Y P ) p P e
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w12 ™2 52
21/3

Simply add 2= to % and do not changer. ™ "“‘
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Find another representation of (5, %) in which r is negative and 0 <0 < 2n

w12 ™2 52

2
/3 /3 5 T
- /4 r
T

Simply add = to %and change r to -r.

1Mr/12
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Ervample: Finde

eordinaled
Find another representation of (5, %) in which r is positive and -27 <6 <0

Simply subtract 2w from % and do not

=)

change r.
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We can convert polar coordinates (r, 8) to rectangular (%, y)

coordinates and rectangular coordinates to polar coordinates.

P=(r,0) P=1(x1v)
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Find the rectangular coordinates of the point with the following
polar coordinates: (3, =) A2 W2

/\:rc/ 3
3n/4 /4

\
51/6 T 7 Tt/6

11m/12 /12
T 0
13n/12 231/12
mf
1/6

y=3sint y=0

41/3

5n/3
171/12

3n/2 191/12
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Find the rectangular coordinates of the point with the following
olar coordinates:
P (=10, £ ) /12 2

™

5nt/12

31t/4 Tt/4

/6

/12

231/12

1171/6

/4




Find the rectangular coordinates of the point with the following
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polar coordinates: (

3rt/4
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11t/12
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31t/12

231/12
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1771/12 37t/2 1?75/12

5r/3
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Convert the rectangular equation 3x —y = 6 to a polar equation

that expresses r in terms of 6).

3x-y=6 : - o
3rcosf—rsingd =6 1
r(3cosf—-sinf)=6 | { |
3cos6—sind N
6 . L
r= — 1S a polar equation inr and 6
3c0s6—sind

A




Convert the following rectangular equation to a polar equation that

expresses r in terms of 6.  x* + (y + 1)z = 1

X2+ (y+1)2 =1 o
(rcosB)’ +(rsinf+1)° =1 | ~ |
r2cos’0+r’sinf0+2rsind+1=1 1NN

L,
!

F2(cos?0 +sin’0)+2rsind+1=1 L7 —

r‘+2rsinf+1=1

Obviously r cannot be O. =

i

r‘°+2rsing=0

r(r+2sing)=0 | o
r=-2sin6 is a polar equation inr and ©

r=0or r=-2sin6




To convert an equation from polar to rectangular coordinates, the goal is to
obtain an equation in which the variables are x and y rather than r and 6.
We use one or more of the following equations:

xX=prcos® y=rsin® r=|yx*+y* tang =L

S

To use these equations, it is sometimes necessary to...

square both sides

use an identity

take the tangent of both sides
multiply both sides by r
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Convert the polar equation to a rectangular equationin x andy: r = 4

A

The rectangular equation for r = 4

is x¢ +y* =16




The rectangular equation for 6 = 37 S -

ISy = -X :
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Convert the polar equation to a rectangular equation in x and y: r = —-2sec @

p

A

r=-2sect —
r-—%  seco=—t |
cos @ COS 0 / / . \ \
rcosf =-2 - NS I .
EENEEN

o i /L

The rectangular equation for r = -2secB

|
\

IS X = -2 -
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Convert the polar equation to a rectangular equation in x andy: r = 10sin®@

r=10sin@
r° = r(10sino)

r?2=10rsind  r = x*+ y? —

x’+y*=10y y =r sin® /// | \\\
x°+y°-10y =0 < >
e ) HNNEEN
x2+y 102y+25—25 \ \ / /
x“+(y—-9)" =

The rectangular equation for r = 10sin©
is x°+(y-5)=25 e




