We have an op-amp circuit consisting of a couple resistors and a capacitor.

We’re looking for the frequency in Hz at which the magnitude of the gain of the circuit will be 0.707.

I’ll begin by writing the phasor equivalent circuit.
Also, what I’m observing here is that the resistor R2 and the capacitor are effectively a single impedance, which would be the parallel combination of those two.

In general, this is an inverting configuration, so the gain would be –Z2/Z1.

Since we’re looking for the magnitude of the gain, the sign drops out, and then we have the ratio of two magnitudes.

Z1 is simply R1.

Z2 is the parallel combination of R2 and the capacitor C, so it has an impedance of 1/jωC.

The impedance Z2 therefore is 1/R2 + jωC.

This is the familiar sum of the reciprocals, then you take the reciprocal of the result.

Next, I’m putting the expression over a common denominator of R2.

I’ll go ahead and do the reciprocal operation.

Going back to our expression for gain, we see that the magnitude of the gain will be the magnitude of Z2 divided by the magnitude of Z1.

The magnitude of Z1 is simply R1.

I’ll write that as part of the numerator shortly.

The magnitude of a ratio is the same thing as the magnitude of the numerator divided by the magnitude of the denominator.

Now I will include R1 as part of the numerator.

We have R2/R1.

Now recall that the magnitude of a complex value can be expressed as the square root of the sum of the square of the real part and the square of the imaginary part.

In general, notice that your value, once it’s a magnitude, you should not see any occurrences of the complex value j anyplace.

We then set that to the value in the problem statement, which is 0.707.

We have an equation now that we’re trying to find the value of ω.

That’s our frequency.

I’ll begin by squaring both sides of the equation to clear the radical sign.

Next, I’ll interchange the right-hand side with the denominator on the other side, bring the one to the left hand side of the equation, we’ll do the square root of both sides to clear the square, divide by R2C, and then lastly ω is angular frequency, so we can also express that as 2 π f, where f is cyclic frequency in Hz.

Bring the 2 π to the other side.

Let’s go ahead and take this value of .5 and rearrange that just a bit, and we’re done.
