A first-order filter circuit is given in this problem.

We need to determine the cutoff frequency for the filter.

Given the input voltage, we want to find the output voltage in sinusoidal steady-state.

Let’s try to convert the circuit into s domain.

The impedance for a resistor is just the resistance.

The impedance for the capacitor is 1/sC.

We use uppercase V to indicate the variable in s domain.

The transfer function is the s-domain ratio of the output voltage to the input voltage.

We need to relate the two voltage variables to each other.

For an ideal op amp circuit, the non-inverting node is grounded, so it should be zero volts.

We also know that in an ideal op amp circuit the two input nodes have the same voltage.

So that should also be zero volts.

We can use a Kirchoff’s Current Law equation to relate the two voltage variables.

The current through this branch should be the voltage divided by the impedance.

[math equation]

The current through the one-kilohm resistor should be V output minus zero over 1,000.

There is no current that flows into the ideal op amp.

We set all of this equal to zero.

Let’s put the first term into the right-hand side.

Multiply the function by 1,000 on both sides.

[math equation]

Now multiply the numerator and denominator by s.

[math equation]

Now we can find the transfer function.

[math equation]

From the transfer function, we can tell that this is a typical first-order highpass filter.

So the cutoff frequency should be the constant in the denominator.

That is the transfer function cutoff frequency.

For the given input voltage, the amplitude is 1 volt with cosine 100t.

We want to find the output voltage in sinusoidal steady-state.

We know the transfer function for the circuit.

Also, the input is a sinusoidal input at 100 radians per second.

Firstly, we can try to evaluate the transfer function at jω1.

Just substitute j100 into the transfer function.

This is a complex number.

The magnitude is 0.01.

The phase angle is -90°.

So we can write the output voltage in sinusoidal steady-state directly.

The amplitude should be the amplitude for the input voltage multiplied by the magnitude of the transfer function.

Then the cosine of the same frequency as the input voltage plus the phase angle of the input voltage plus the phase angle for the transfer function.

The unit is volts in sinusoidal steady-state.

Let’s replace the input voltage with a higher frequency voltage source.

We are still interested in the input voltage in the sinusoidal stead-state.

So the transfer function is evaluated at j10,000.

This complex number has a magnitude of 0.707.

The phase angle is -135°.

Let’s fill in the values for our output voltage.

[math equation]

That is the sinusoidal steady-state output voltage.

The blue line in the diagram on the left represents the input voltage running at 100 radians per second.

The output voltage amplitude is only 0.01 volt and is running in the same frequency.

The blue line in the diagram on the right represents the frequency at 10,000 radians per second, a much higher frequency.

The output voltage amplitude becomes 0.707.

It’s running in the same frequency as the input voltage.

So when the frequency goes up, the output voltage amplitude also goes up.

This is a typical highpass filter.

