Chapter 2 Ass. Lec. Abdalqadir Hamid
Polar Coordinates

Introduction
We first fix an origin O (called the pole) and an initial ray from O. Then each point P can be
located by assigning to it a polar coordinate pair in which (r, 8) gives the directed distance from

O to P and gives the directed angle from the initial ray to ray OP.
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Equations Relating Polar and Cartesian Coordinates

X = rcos0, y = rsiné, x% + y* =1r?

(Converting Cartesian to Polar)

Example : Find a polar equation for the circle x* + (y —3)2 =9

Solution:
x2+(y—3)2=9

x2+y?—6y+9=9
r? — 6rsind = 0
r(r — 6sinf) =0

r=0 or r ==6sind



Chapter 2 Ass. Lec. Abdalqadir Hamid
( Converting Polar to Cartesian )

Example: Replace the following polar equations by equivalent Cartesian equations, and
identify their graphs

(a) rcosf = —4

(b) r? = 4rcos0O

4
2cos0 — sin0O

(c) r=
Solution: we use the substitutions rcos@ = x, rsind =y, r?=x?+ y?
(a) rcosf = —4
The Cartesian equation: rcosf = —4
x =—4
The graph: Vertical line through x = —4 on the x — axis
(b) 1?>=4rcos@
The Cartesian equation: 72 = 4r cos @
x% +y? =4x
x*—4x+y*=0
x*—4x+4+y*t=4
(x—2)+y2=4

The graph: Equation of a circle whose center is (2,0) and radius is 2.

4
(©) 7= 2c0s0 — sind

The Cartesian equation: r(2cosf —sinf = 4
2rcos@ —rsinf = 4
2x—y =4
y=2x—4

The graph: Equation of a straight line
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2.3 Convert from Cartesian Coordinates to Polar Coordinates via Points

If P is a point with Cartesian Coordinates (x, y) the polar coordinates (r, 8) of P is a given by:
1 (Y
r=x?+y? 6 = tan 1(?)

Example: Find the polar coordinates of the points with the following Cartesian
Coordinates:

a)(2,2) b)(—-1,1) c) (1,-1)

Solution:

a) xy=(22)
r=JxZty? 6 = tan~ (%)
r=V22+22=22 gztan—l(% =§

~x>0,y>0 = the first quadrant

L (r,0) = (2V2,7)

b) (xy)=(-11)
r= {x?+y?
r=+-12+12=1+/2
tan6=X

b
g =t _1(1)_ s
=tan™ (=) =—7
~x<0,y>0 = the second quadrant
p m 3
- = —_——= —
TTAT g

“(r,0) = (\/E,‘%”)

c) (xy)=Q1,-1) HW



