A series RLC circuit is given in this problem.

This is a bandreject filter with a center frequency of 1 radian per second.

We want to scale the circuit to make the center frequency shift to 100,000 radians per second.

We assume that there is a one-nanofarad capacitor available for the new circuit.

Let’s try to analyze the circuit in s domain.

The resistance is R.

Capacitance is C.

Inductance is L.

In s domain, the impedance for a resistor is just the resistance.

The impedance for the inductor is sL.

For the capacitor, it is 1/sC.

Use an uppercase V to indicate this is the Laplace transform for the voltage variable.

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

We can use a voltage divider to find the transfer function.

V output is the voltage across the inductor and capacitor.

So the numerator should be the impedance for the inductor plus the impedance for the capacitor.

The denominator should be the total impedance in the circuit.

To express the transfer function in standard form, we need to get rid of the s in the denominator.

So the numerator and the denominator are multiplied by s.

Also, the highest-order coefficient for s should be 1.

So here, the numerator and denominator are divided by L.

[math equation]

Now we substitute the resistance, capacitance, and inductance into the transfer function.

[math equation]

The center frequency is the square root of the constant in the denominator.

From the transfer function, we know that this is a bandreject filter, 

and it has a center frequency of 1 radian per second.

Our target circuit has a center frequency of 100,000 radians per second.

Apparently, we need to use frequency scaling.

Frequency scaling is a technique to shift the frequency of a circuit up or down by a certain factor.

Kf is the frequency scaling factor.

So ω prime is Kf multiplied by ω.

Kf is the frequency in the new circuit divided by the frequency in the template circuit.

[math equation]

We want to use a one-nanofarad capacitor in the circuit.

We want to use a one-nanofarad capacitor in the new circuit.

So here we also want to use magnitude scaling in addition to frequency scaling.

The new capacitance is represented by this equation for C prime.

Km is the magnitude scaling factor.

Let’s write the equation for C prime here.

The magnitude scaling factor is unknown so far in this problem.

We still need to find it.

So the function is multiplied by Km on both sides.

[math equation]

Now divide by C prime on both sides.

Put in the value for the frequency scaling factor, the capacitance in the template circuit, and the capacitance for the new circuit.

We can then solve for the magnitude scaling factor, which is 10,000.

Now we have the frequency scaling factor and the magnitude scaling factor.

We can now scale the resistance and the inductance.

The resistance is only affected by the magnitude scaling factor.

[math equation]

Inductance is affected by the frequency scaling factor and the magnitude scaling factor.

[math equation]

Let’s fill in our new values for the circuit elements now that we have scaled the frequency and magnitude.

We can verify that the new circuit has a center frequency of 100,000 radians per second.

Let’s start from the transfer function.

[math equation]

The center frequency is the square root of 10 to the power of 10.

That is 10 to the power of 5, which is exactly 100,000 radians per second.
