An RLC circuit is given in this problem.

We want to derive the transfer function in the s domain.

We also want to determine what type of filter it is and find the parameters of the filter.

Let’s first convert the circuit into s domain.

Each element should be converted into s domain.

The impedance for the resistor is just the resistance.

Let’s find the resistance for the capacitor.

[math equation]

For the inductor, we will use this expression to find the impedance.

[math equation]

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

The transfer function is the output voltage over the input voltage.

Therefore, we need relate the voltage variables to each other.

We can think about Kirchoff’s Current Law equations.

This here is a single node.

The bottom node we can use as a reference node, so it is grounded, making it zero volts.

So we have two nodes plus a reference node.

We can write a Kirchoff’s Current Law equation at node 1.

The current that leaves the node through the ten-kilohm resistor should be the output voltage minus the input voltage all over 10,000.

The current for the capacitor is the voltage across the capacitor over the impedance.

The current through the inductor should be the voltage across the inductor over the impedance.

All of that is equivalent to zero.

Let’s collect the coefficients for the output voltage.

[math equation]

We put the input voltage on the right-hand side, so the negative value becomes positive.

The transfer function is the output voltage over the input voltage, so the equation is divided by the input voltage on both sides.

[math equation]

Let’s try to simplify the transfer function and put it into standard form.

The highest-order coefficient in the denominator is not 1.

We want to make it 1.

We will multiply the expression by 1000s.

[math equation]

By looking at this standard form transfer function, we can tell that this circuit is a typical second-order bandpass filter.

For a second-order bandpass filter, the constant in the denominator is the central frequency squared.

In other words, it is the resonant frequency squared.

[math equation]

The bandwidth should be the first-order coefficient in the denominator.

The quality factor defined as resonant frequency divided by bandwidth.

[math equation]
