We will discuss polar coordinates in this tutorial.
Polar coordinates is a second way to represent a complex number on the complex plane.

First, let’s draw out the plane with a vector a + j*b.

We can use rectangular coordinates to show the vector in terms of distances along the x and y axes.

Polar coordinates also tell us where points reside. They first give an object’s distance from the origin. This is called the vector’s magnitude.

We then are given an angle that the vector makes with the positive real axis. This angle is in the counterclockwise.

We can identify any point using these coordinates.

The form of polar numbers is r [angle bracket] theta.

So a complex number can be 3 [bracket] 45 degrees.

We could also call -3 [bracket] 45 a complex number.

The vector is shown as drawn. Sometimes you may have to specify a purely real or imaginary vector.

Just note the angle that the real and imaginary axes make with the real axis (0 and 90 degrees, respectively), and use those for the angles of purely real or imaginary numbers.

Now we need to convert from polar to rectangular coordinates.

First we’ll draw the complex plane. I’ve just drawn the first quadrant with an example vector.

I’ll draw our angle, our magnitude, a, and b.

Notice that, since we dropped a perpendicular, we have a right triangle.

The first conversion we will do is from rectangular to polar.

We’ll find the magnitude first.

Remember that the Pythagorean theorem states that a^2 + b^2 = r^2.

That means that r is sqrt(a^2 + b^2).

Now that we have the vector’s magnitude, we’ll find its angle.

First consider the tangent of theta. 

Tan (theta) should be b/a, so that arctan(b/a) is theta.
The problem with this is that the tangent falls between –Pi/2 and Pi/2. So if the actual angle is not in this range, we’ll have to be careful.

Suppose we have a complex number -3 -5*j.

Draw the vector on the complex plane.

We see that theta is arctan(-5/-3), which is 59 degrees. 

It’s obvious that theta is not 59 degrees. So we have to add 180 degrees to theta.

Now we need to convert from polar to rectangular coordinates.

Realize that sin(theta) is b/r. So b is r*sin(theta).

Similarly, cos(theta) is a/r. So a is r*cos(theta).

We need to define one other thing before we finish this tutorial.

Remember that we represent polar coordinates using r [bracket] theta. This is fine for shorthand, but we want to mathematically represent this quantity so that we can multiply and divide complex numbers.

Before we derive this mathematical representation, we need to review Euler’s formula.

Without proving it, I state that e^(j*theta) is cos(theta) + j*sin(theta). We’ll use this in our derivation.

So now we’ll do the derivation.

We’ll start with rectangular number a + j*b.

Using our conversion formulas, we substitute for a and b.

Now we’ll factor the r out of the expression.

Next we’ll use Euler’s formula to substitute into the expression.

So we have a mathematical formula for a number in polar coordinates.

