For the passive filter given in this problem, we want to derive the transfer function, which is the s domain ratio of the output voltage to the input voltage.

Firstly, let’s try to convert the circuit into s domain.

For the resistors, the impedances in the s domain is just the resistances, so we leave the resistors the way they are.

For the capacitor, the impedance is 1/sC, where C is capacitance.

[math equation]

We get this number for our capacitor impedance.

For the inductor, the impedance is just sL.

We use an uppercase V to indicate the variable in s domain.

Let’s take a look at the circuit.

The output voltage is across the 80-kilohm resistor.

The input voltage is across all four of the elements, which are connected in series.

We can use a voltage divider to solve the transfer function.

We use the value from the 80-kilohm resistor for the numerator.

We add up the four circuit elements in series for the denominator.

[math equation]

Let’s try to simplify the transfer function.

[math equation]

The transfer function is still not in the standard form.

We must get rid of the s in the denominator, so we multiply the numerator and denominator by s.

Here the highest-order coefficient is not 1, so we multiply it with 10 also.

[math equation]

Let’s put all this into a standard form.

Just make the first order coefficient in the numerator and denominator equivalent.

When we look at the transfer function, we can tell that this is a typical transfer function for a bandpass filter circuit.

So this passive filter is a bandpass filter.

We need to find the coefficients, the parameters, of the filter.

The first one is central frequency, ω at zero, and we can find that using this equation which utilizes transfer coefficient B.

[math equation]

That gives us 10,000 radians per second.

We also need the two cutoff frequencies from the denominator coefficients A and B.

Let’s find the lower cutoff frequency using the appropriate equation.

[math equation]

It is 100 radians per second.

Let’s solve the second cutoff frequency equation.

[math equation]

Now we want beta, which is the bandwidth.

It is exactly the first-order coefficient in the denominator.

The quality factor is ω at zero over beta.

We are all finished.
