We want to use this circuit to design a bandreject filter.

The center frequency is 100 krad/s.

That is 10^5 rad/s.

The bandwidth is 10 Mrad/s, or 10^7 rad/s.

The pass band gain is 10.

We need to use 1 nF capacitors.

That is the design specification.

Let’s analyze the circuit in the s domain.

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

For a capacitor, the impedance is 1 / sC.

We have two capacitors in the circuit.

We use upper case V to indicate the voltage variable in the s domain.

Let’s label the output voltage for each of the op-amps.

That is V1 and V2.

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

To get the transfer function, let’s divide the circuit into a couple of portions.

Let’s look at this part of the circuit.

This is a typical first-order low-pass filter.

For the transfer function V1 / Vi, the gain is R1/R1, which is 1.

[equation]

We can set ω1 equal to 1/R1C1.
That is equation 1.

Here, ω1 is 1/R1C1.

Let’s try to analyze the second portion of the circuit.

This part is a typical first-order high-pass filter.

[equation]

That is equation 2.

ω2 is equivalent to 1/R2C2.

Let’s look at this portion of the circuit.

For the ideal op-amp, the non-inverting node is grounded.

We know for an ideal op-amp, the two input nodes have the same voltage.

Let’s try to write a Kirchhoff’s Current Law equation at the inverting node.

Add all the currents which enter the node.

The current through R3 should be V1/R3.

The current here should be V2/R3.

The current through the resistor R4 should be Vo/R4.

Set this equal to 0.

[equation]

From equations 1 and 2, we know V1 and V2 are functions of Vi, so we can substitute equations 1 and 2 in here.

[equation]

The transfer function should be the output voltage over the input voltage.
[equations]

We copy the transfer function here.

ω1 is 1/R1C1, ω2 is 1/R2C2.

For the transfer function, we know the maximum magnitude should be R4/R3 as the frequency goes to 0 or infinity rad/s.

The magnitude is minimized at the center frequency, so the minimum magnitude should be 2ω1/(ω1+ω2).

That is the first-order ratio of the coefficients of s.

Here, to make it a bandreject filter, we need to make ω1 far less than ω2 so the minimum magnitude is really a small number.
From the specification, the center frequency is 10^5 rad/s, so ω0^2 should be 10^10 rad/s.

[equations]

We get 10^10.

The bandwidth from the transfer function is the first-order coefficient in the denominator.

β should be ω1+ω2.

In the design specification, that is 10^7 rad/s.

Let’s set ω1 equal to 1 krad/s.

From that, we can find ω2 should be 10^10 / 1000, which is 10^7 rad/s.

Let’s try to verify the bandwidth.

ω1 is 1000, ω2 is 10^7, so it is close to 10^7.

So here, the bandwidth is approximately 10^7 rad/s.

When we analyzed the circuit, we set ω1 equal to 1/R1C1.

Here, R1 should be 1/1000C1.

C1 is 1 nF, or 10^-9.

R1 should be 1 MΩ.

Similarly, 1/R2C2 should be ω2, which is 10^7.

We can calculate that R2 should be 100 Ω.

The gain of the circuit is 10.

That means R4 / R3 should be 10.

We can set R4 equal to 1 kΩ.

R3 should be 1 kΩ / 10, which is 100 Ω.

We have got each of the component’s values.

R1 is 1 MΩ, R2 is 100 Ω, R3 is 100 Ω, and R4 is 1 kΩ.

The capacitors should be 1 nF capacitors.
