An active filter circuit is given in this problem.

We want to find the transfer function, and based on the transfer function determine what type of filter it is, and find the cutoff frequency for the filter.

The circuit can be divided into three stages.

Each stage is a first-order high-pass filter.

This is a cascade of identical high-pass filters.

Let’s take a look at the first stage.

Let’s convert the circuit into s domain.

The impedance for a capacitor is 1/sC.

For a resistor, the impedance is just the resistance in s domain.

The output voltage is V1 for the first op-amp.

The transfer function for the first stage is H1(s).

It is the s domain ratio of V1 to Vi.

For the op-amp circuit, it is a typical inverting amplifier.

For an inverting amplifier, the transfer function should be negative feedback impedance over input impedance.

For this circuit, the feedback impedance is R2.

The input impedance is R1 in series with the capacitance.

Let’s try to simplify the transfer function.

To get rid of the s in the denominator, the numerator and denominator should be multiplied by s.

[equation]

To make the first-order coefficient in the denominator equivalent to 1, the numerator and denominator should be divided by R1.

[equation]

That is the transfer function for each stage.

We can set K equivalent to R2/R1 and ω1 equal to 1/R1C.

K should be the maximum gain of the circuit for the first-order filter.

ω1 is the cutoff frequency for the first-order circuit.

The circuit is a cascade of three stages.

The transfer function should be H1(s)³.

[equation]

Here, K is R2/R1.

ω1 is 1/R1C.

That is the transfer function for the complete circuit.

We need to convert the transfer function from s domain to frequency domain.

s is equal to jω.

The magnitude of the transfer function is the absolute value of –k³.

The numerator is ω.

The magnitude of the denominator should be the square root of the real part squared plus the imaginary part squared.

We divide the numerator and denominator by ω.

[equations]

From the magnitude function, let’s look at the low frequency range.

When the frequency is 0 rad/s, the denominator should be infinity, so that is 1/infinity, or 0.

The magnitude is minimized when frequency is 0 rad/s.

When frequency goes to infinity rad/s, the denominator here should be 0.

1/1 is 1, so the maximum magnitude should be K³.

When we look at the magnitude plot, at 0 rad/s the magnitude is minimized.

When frequency goes to infinity, the magnitude is maximized.

This is a high-pass filter circuit.

Let’s try to determine the cutoff frequency for the high-pass filter circuit.
At the cutoff frequency, the magnitude is 1 over the square root of 2 multiplied by the maximum magnitude.

When frequency is ωC rad/s, the magnitude drops by 1 over the square root of two.

The maximum magnitude is K³.

[equations]

ω1 is 1/R1C.

That is the cutoff frequency for the third-order high-pass filter circuit.
