This is a circuit design problem.

We want to design a second-order lowpass filter with a cutoff frequency of 500 Hertz.

The passband gain should be 10.

We also need to use 0.1-megafarad capacitors.

In the design specification, it says that the passband gain should be 10.

For a passive filter the maximum magnitude for the transfer function does not exceed 1.

So we have to use an active filter.

One possibility for a second-order active lowpass filter is a cascaded identical filter.

Let’s look at this template circuit.

The circuit can be divided into two identical stages.

Each stage is a first-order lowpass filter.

Let’s look at the first stage.

Let’s make it general.

We will call the input resistance Rin.

We will call the feedback resistance Rf.

The capacitor impedance is 1/sC.

The output voltage in s domain is V1, and the input voltage is Vi.

Let’s try to derive the transfer function in s domain.

The non-inverting node is grounded, making it zero volts.

The inverting node should have the same voltage of zero in an ideal op amp circuit.

For the transfer function, we need to relate the two voltage variables to each other.

So we can write a Kirchoff’s Current Law equation at the inverting node.

The current through Rin should be be Vi minus zero over Rin.

The current through Rf should be V1 divided by Rf.

The current through the capacitor should be V1 divided by 1/sC.

Set all of that equal to zero.

Let’s collect the coefficients for V1.

We need to put the rest of the equation to the right-hand side, so it becomes negative.

The function is divided by Vi on both sides.

We also divide both sides of the equation by the coefficients of V1.

That is the transfer function for the first stage.

Let’s try to simplify the transfer function.

The numerator and denominator are multiplied by Rf.

[math equation]

Let’s make the coefficient of s equivalent to 1.

[math equation]

This transfer function for the first stage is a typical first-order lowpass filter.

The transfer function for the complete circuit should be the product of the transfer function of each of the components.

[math equation]

That is the transfer function for the complete circuit.

Let’s copy the transfer function up here.

Let’s look at this specific template circuit.

All the components’ values are 1, so Rf over Ri is 1 ohm over 1 ohm, which is 1.

1/RfC should also be 1.

So we get this value here for the transfer function for the template circuit.

In frequency domain, s is equal to jω.

The magnitude of the transfer function is represented by this equation here.

[math equation]

That is the magnitude of the transfer function.

The cutoff frequency is represented by this expression.

Hmax is the maximum magnitude.

For this transfer function, it is 1.

[math equation]

The transfer function magnitude is equal to 1 over the square root of 2.

[math equation]

We end up with 0.6436 radians per second for the cutoff frequency.

Let’s try to scale the template circuit to meet the design specifications.

In the design specification, the cutoff frequency should be 500 Hertz.

So ωc prime should be 2π times 500 radians per second.

In the template circuit that was 0.6436, so the scaling factor can be found with this equation.

[math equation]

We get 4,881.

We also need to use magnitude scaling because the capacitor is supposed to be 0.1 megafarads.

So let’s try to find the magnitude scaling factor.

[math equation]

Let’s try to scale each of the resistances.

In the new circuit, the resistance should be the scaling factor multiplied by the resistance in the template circuit.

[math equation]

We can approximately make it 2 kilohms.

If we make all the resistances to 2 kilohms and capacitance is 0.1 megafarads, 

the circuit will have a cutoff frequency at 500 Hertz.

But notice here we want to make the passband gain equal to 10.

So we can change the input resistance Ri.

This expression represents the passband gain, and we need to make it 10.

[math equation]

So input resistance should be 630 ohms.

The feedback resistance should be 2 kilohms.

For the capacitance, we need to use a 0.1 megafarad-capacitor.

And we are finished.
