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Math 252   Calculus 2   Chapter 10, Section 4
3
CCBC Essex

Up to this point in your mathematical career, you may have only studied graphs as collections of points (x , y) on the rectangular coordinate system, using either rectangular equations or parametric equations.  In this section, we will look at the polar coordinate system.
Polar Coordinate System
Each point P in the plane can be assigned polar coordinates (r , θ) as follows.

r = the directed distance from the origin/pole, O, to P 

θ = the directed angle, counterclockwise from the polar axis (positive branch of the x-axis) to the line segment 
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Exercise 1:  Plot the following points, which are given in polar coordinates (r , θ).

	A = 
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B = (5 , π)

C = 
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D = 
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Note 1:  In rectangular coordinates, each point P has a unique (x , y) representation.  This is not true with polar coordinates.  The point P that is represented in polar coordinates as

(r , θ) can also be represented as
Note 2:  The pole, O, is represented in polar coordinates as
Coordinate Conversion
	

	sin(θ)  =

cos(θ)  =

tan(θ)  =




The polar coordinates (r , θ) of a point P are related to the rectangular coordinates (x , y) of P as follows.
x =


y =


tan(θ)  =

     r 2  =
Exercise 2:  Convert 
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 to rectangular coordinates.

x =
     cos (      )  =


=

y =


    =


=

Thus, the rectangular coordinates corresponding to 
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Exercise 3:  Convert (5 , -5) to polar coordinates.
Exercise 4:  Describe the graph of the polar equation r = 3.  Confirm your description by converting the polar equation to a rectangular equation.


Exercise 5:  Describe the graph of the polar equation 
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.  Confirm your description by converting the polar equation to a rectangular equation.


Exercise 6:  Sketch the graph of the polar equation r = csc(θ) by converting the polar equation to a rectangular equation.
Graphing Polar Function with the T.I.-89
Exercise 7:  Sketch the graph of r = 2cos(3θ).

(i)  Press MODE; find Graph; use the Right Arrow to open up the drop-down box; press 3 for POLAR; press ENTER to save.

(ii)  Press Green-F1 (for Y=); type in 2*cos(3*θ); θ is found by pressing Green-^; press ENTER.
(iii)  Press Green-F2 (for WINDOW); experiment with the settings:  you may often want θ-min to be 0 and θ-max to be π or 2π.
(iv)  Press Green-F3 (for GRAPH.)

Note 1:  “Green” means the green diamond button, and “Green-F1”, for example, means to press the green diamond button followed by the F1 button.

Note 2:  Make sure that you are (well, your calculator is) in radian mode.  Also, watch how the graph is traced out; you can slow the tracing of the graph by making θstep (WINDOW menu) a small number.
Exercise 8:  Sketch the graph of each of the following polar functions.

	r = 6cos(3θ)
	r = 3cos(4θ)
	r = acos(nθ), varying a and n

	

	
	


Slope of a Tangent Line
To determine the slope of a tangent line to a polar graph, consider a differentiable function r = f(θ).  Convert to polar form using the parametric equations…

x =






y =

By the Product Rule,
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Using the parametric form of the derivative, found at the bottom of page 2 of Handout 10.3, we thus establish that the slope of the line tangent to the graph of r = f(θ) at the point (r , θ) is
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Exercise 9a:  By hand, sketch a graph of r = cos(θ), 0 ≤  θ ≤  π.
Exercise 9b:  Use the parametric form of the derivative, found on page 5, to determine the horizontal and vertical tangent lines of the graph of r = cos(θ), 0 ≤  θ ≤  π.

* The solutions to


yield horizontal tangent lines.

y = r sin(θ) =

  sin(θ)    =
So, 
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Thus, we must solve cos(2θ) = 0.


The horizontal tangent lines are at A =

         and at B =

* The solutions to


yield vertical tangent lines.

x = r cos(θ) =


cos(θ) =

So, 
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Thus, we must solve -sin(2θ) = 0.



The vertical tangent lines are at C =

         and at D =
[image: image14.png]



Tangent Lines at the Pole
If


and



, then the line


  is

tangent at the pole to the graph of r = f(θ).
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