In this problem we want to design a second-order bandpass filter with cutoff frequencies of 100 Hertz and 100 kiloHertz and a passband gain of 10.

We have to use active filters, because for passive filters the passband gain cannot exceed 1.

One of our choices here is to use the cascaded second-order bandpass filter.

Assume that we have a first-order lowpass filter.

The cutoff frequency is at 100 kiloHertz, and the passband gain is 1.

Let’s plot the Bode straight-line approximation for the Bode magnitude plot.

At the cutoff frequency in the accurate curve, the magnitude should be 3 decibels below the passband gain.

Assume that we have a highpass filter.

The cutoff frequency is 100 Hertz, and the passband gain is 10.

We know 20 log base 10 of K is 20 decibels, so for high frequency it’s 20 decibels.

The cutoff frequency is 100 Hertz.

If the two first-order filters are cascaded, the transfer function for the complete circuit should be the product of the transfer functions of the cascaded components.

So that is the multiplication of the first-order filters.

In the Bode plot, we need to add the two components graphically.

The blue curve is the straight-line approximation of the Bode magnitude plot for the transfer function.

That is a second-order bandpass filter.

The cutoff frequencies are 100 Hertz and 100 kiloHertz.

Let’s look at this template circuit.

We can divide the circuit into two stages.

The first stage is a typical first-order lowpass filter.

We can derive the transfer function easily.

The denominator, s plus ωL, is the cutoff frequency for the first-order lowpass filter.

This is the value for ωL.

The second stage for the circuit is a first-order highpass filter.

Let’s derive the transfer function for this stage.

[math equation]

ωH is the cutoff frequency for the first-order highpass filter.

For the first-order lowpass filter, we must make the cutoff frequency at 100 kiloHertz.

So ωL should be equal to 2π times 100,000.

Assume that we can make the capacitance equal to 1 nanofarad.

Now solve for RL prime.

[math equation]

The passband gain is K, so RL prime over RL should be 1.

That makes RL equivalent to RL prime.

For the second part of the circuit, we need to make the cutoff frequency at 100 Hertz.

That is 2π times 100 radians per second.

Again we want to set the capacitance at 1 nanofarad.

Let’s solve for RH.

The passband gain should be 10; that is RH prime over RH.

Solve for RH.

Let’s fill in the template circuit with the values that we solved for.
