We have what looks to be a simple circuit between terminals C and D.
We are looking for the equivalent impedance between these terminals when the circuit operates at various frequencies.

We’ll begin with the fundamental equations of impedance for a resistor, conductor, and capacitor.

Notice that because the frequencies are specified in Hertz, we need to first convert this cyclic frequency into angular frequency.

We do that by multiplying by 2π.

Let’s begin with the first frequency, zero Hertz, or DC.

The resistor does not vary with frequency, so its value is the same.
When we put zero frequency into our expression for the impedance of an inductor, we see that it’s zero.

That would be equivalent to a short circuit or a piece of wire.

Zero frequency in the dominator of the capacitor impedance, however, makes it look like infinite, or an open circuit.

When you add these together overall, the open circuit dominates, and we are left with infinite value for the impedance.

Let’s increase the frequency to 503 Hertz.

The frequency does not have any bearing on the resistive values.

We use our expressions to find the impedance of the inductor and capacitor.

[math equation]

This is our value for the inductor.

The capacitor will always have a negative impedance since 1/j is equivalent to –j.

The capacitor value clearly dominates the inductor value.

The series combination is simply the sum of these three numbers.

This is what we get for that sum.

Write than answer in polar form.

Let’s increase the frequency by a factor of ten.

Save some effort here by noting that we’re using the same calculation, but with ten times the frequency.
[math equation]

For the capacitor, the value drops by a factor of ten.

We see an interesting result here: the imaginary parts cancel to zero.

 It seems like an odd number, but at this particular frequency, the circuit appears to be purely resistive.

We will increase the frequency by another factor of ten.

The inductive impedance is taking over, and the capacitive impedance is getting smaller.

This answer is similar to the value we calculated earlier, except now we have a positive value on the phase instead of a negative.

Last of all, let’s consider really cranking the frequency up there.

Theoretically we would call this infinite Hertz.

For this extreme value, the impedance of the inductor effectively becomes infinite, and it looks like an open circuit.

However, if we put an infinite value in the denominator for our capacitor impedance, it looks like zero, which also looks like a short circuit.

We see that the two values have swapped roles, but the series combination of all three elements is still an open circuit, or infinite impedance.

And we’re done.

