Section 6.3
Polar Coordinates

Getting a New Perspective

We have worked extensively in the Cartesian coordinate system, plotting points, graphing
equations, and using the properties of the Cartesian plane to investigate functions and solve

problems. In this section, we introduce a different coordinate system that will give you a
new perspective of the plane. In this system, points do not have unique ordered pairs
associated with them and some complicated-looking graphs have very simple equations.

Objective #1: Plot points in the polar coordinate system.

la.

¢/ Solved Problem #1
Plot the point with polar coordinates (3, 315°).

Draw an angle measuring 315° in standard position.
Then plot a point 3 units from the origin (pole)
along the terminal side of the angle.
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. Pencil Problem #14”
la. Plot the point with polar coordinates (2, 45°).

1b.

Plot the point with polar coordinates (-2, 7).

Draw an angle measuring zradians in standard
position. Then plot a point 2 units from the origin
(pole) along a line in the opposite direction from the
terminal side of the angle. Since the terminal side of
the angle points to the left, this means that we move
2 units to the right.

i3

1b. Plot the point with polar coordinates (-1, 7).
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1c.

Plot the point with polar coordinates ge-l, - g%

. T . .
Draw an angle measuring - 5 radians in standard

position. Then plot a point 1 unit from the origin
(pole) along a line in the opposite direction from the
terminal side of the angle. Since the terminal side of
the angle points down, this means that we move

2 units up.

w3

1c. Plot the point with polar coordinates 23-2, - g%

Obijective #2: Find multiple sets of polar coordinates for a given point.

2a.

t/ Solved Problem #2

& 79 inwhich ris

&' 40

Find a representation of

positive and 27< < 4r.

Add 2 to the angle and do not change r.

5

o &€ 4 49

€ 40 & 4

\ Pencil Problem #2/

2a. Find a representation of gio, %ﬂg in which r is

positive and 27< < 4r.
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2b. Find a representation of g% %% in whichr is
negative and 0 < < 2.

Add rto the angle and replace r with —r.

2b. Find a representation of glo, %ﬁg in which r is

negative and 0 < < 2.

4o _= . 576
a;sizgae 7I+0 :ae 7[+_;:_ 270
€' 40 & o 8 49 &7 459
2c¢. Find a representation of ?5 %% in which ris 2c¢. Find a representation of ""10 5 9 in which r is
positive and -2z< < 0. positive and -2z < < 0.
Subtract 2 7 from the angle and do not change r.
B ZO_% I o, 0% x Brd_ g Trd
&€ 46 & 4 68 4 46 € 4%

Objective #3: Convert a point from polar to rectangular coordinates.

v Solved Problem #3

3a. Find the rectangular coordinates of the point with
polar coordinates (3, 7).

x=rcos@d=3cosz=3(-1)=-3
y =rsind=3sinz=3(0)=0

The rectangular coordinates are (-3, 0).
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\ Pencil Problem #3/

3a. Find the rectangular coordinates of the point with

polar coordinates g:Z =
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3b. Find the rectangular coordinates of the point with

polar coordinates fE-lO, ﬁi
& 69
5
x:rcosH:—locoszz-lo&\ﬁ%:_&ﬁ
6 €25
&lo_ 5

. . T
=rsin@=-10sin— =-10°= 9 =-
y =rsin 5|n6 829

The rectangular coordinates are (- 53, - 5).

3b. Find the rectangular coordinates of the point with

polar coordinates ?4, 23
& 20

Obijective #4: Convert a point from rectangular to polar coordinates.

¢/ Solved Problem #4
4a. Find polar coordinates of the point with rectangular
coordinates (1, - /3).

The point (1, - \/5) is in quadrant IV. Find r.

r:\/x2+y2 :\/12+(-\ﬁ)2 :\/ﬁ:ﬁzz

Find 6. Since tan™ 13 :g and @ lies in

quadrant 1V,
g0y F_57_ 7 _57
3 3 3 3°

Q|- O

The polar coordinates are 32 5?”

\ Pencil Problem #4/

4a. Find polar coordinates of the point with rectangular
coordinates (-2, 2).
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4b. Find polar coordinates of the point with rectangular | 4b. Find polar coordinates of the point with rectangular
coordinates (0, —4). coordinates (5, 0).

The point (0, —4) lies on the negative y-axis 4 units

below the origin. Thus, r=4and 6= 37”

The polar coordinates are 8E:4, 3—9
€ 206

Obijective #5: Convert an equation from rectangular to polar coordinates.

v Solved Problem #5 \ Pencil Problem #5/

5a. Covert 3x- y =6 to a polar equation. 5a. Covert 3x+y =7 to a polar equation.

Replace x with rcosé and y with rsiné and solve
forr.

3X-y=6
3rcosf- rsin@=6
r(3cosé- sinf) =6
I N
3cosé- sing
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5b.

Covert x* +(y+1)? =1 to a polar equation.

Replace x with rcosé and y with rsing and solve
forr.

x2+(y+1)% =1

(rcosd)? +(rsind+1)% =1

r?cos® @+r?sin? +2rsing+1=1

r?(cos? @+sin? @) +2rsin@=0

r2+2rsind=0

r(r+2sin@) =0
r+2sind=0

r=-2sinf

r=0 or

The graph of r =0 is the pole. The graph of
=-2sin @ also includes the pole, so it is not
necessary to include the equation r =0.

The polar equation is r =-2siné.

5b. Covert (x- 2)? +y? =4 to a polar equation.

Objective #6: Convert an equation

from polar to rectangular coordinates.

6a.
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v Solved Problem #6

Convert r = 4 to a rectangular equation.

Square each side in anticipation of using

r2 =x*+y2
r=4
r? = 4?

X% +y? =16

The rectangular equation is x? +y? =16, which we

recognize as the equation of a circle centered at the
origin with radius 4.

\ Pencil Problem #6/

6a. Convert r = 8 to a rectangular equation.
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3 .
6b. Convert = Tﬂ to a rectangular equation.

Take the tangent of each side and use tané = 1.

X
Then solve for y.

tan@ = tan3—7r
4

-1

< x|<

- X

The rectangular equation is y = - x, which we

recognize as the equation of a line passing through
the origin with slope —1.

6b. Convert 6= % to a rectangular equation.

6c. Convert r =-2sec@ to a rectangular equation.

Use a reciprocal identity to rewrite the secant in
terms of cosine. Multiply each side by cosé and
replace rcos@ with x.

r=-2secéd
-2
r=—
cosd
rcosf=-2
X=-2

The rectangular equation is x = - 2, which we
recognize as the equation of a vertical line with
X-intercept —2.

6¢. Convert r =4cscé to a rectangular equation.

6d. Convert r =10sin @ to a rectangular equation.

Multiply both sides by r and then replace r? with
x? +y? and rsin@ withy.

r =10sin @
r’> =10rsin@
x2 +y? =10y

x?+y?-10y=0
x? +(y? - 10y +25) = 25
X2 +(y-5)?=25

The rectangular equation is x> +(y - 5)* = 25,

which we recognize as the equation of a circle
centered at (0, 5) with radius 5.

6d. Convert r =12cosé to a rectangular equation.
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