Here we have an op amp circuit based on three op amps.

It is being driven by a sinusoidal voltage source.

We are looking for the gain and the phase shift of the overall circuit.

This circuit is composed of three repeated copies of a single-stage op amp circuit based on the inverting configuration.

If you have multiple stages connected in cascade, the overall gain is the product of the individual gains.

This holds true as long as there are no problems with loading effects between the stages, which is the case for this problem.

In this circuit the gains are all the same in each stage, because they are identical.

We will call the gains G.

The overall gain is G cubed.

Let’s look at our single stage.

The complex gain would be the feedback impedance divided by the source impedance.

We make it negative because it's an inverting configuration.

We then cube this result to get the overall gain.

Let’s consolidate R, the resistor value, into the denominator.

Also let’s cube the individual pieces.

Let’s take a look at j cubed for a moment.

j cubed is equal to j squared multiplied by j.

j squared is equal to -1, so we end up with -j.

The two negative signs cancel each other.

The j in the denominator is the same as -j.

We are looking at 200 Hertz, so the value for ω is 2π times 200.

Then we have our specific values for resistance and capacitance.

[math equation]

This is our overall result.

That tells us that the gain has a magnitude of 0.504.

The phase shift is -j.

Since j is +90°, that says our overall phase shift is -90°.

And that is our final result.
