We want to find the transfer function, which is the s domain ratio of the output voltage to the input voltage.

Let’s convert the circuit into s domain.

For the resistors, the impedance in the s domain is just the resistances.

For the capacitors, the impedances are 1/sC.

The voltage variables should also be converted to s domain.

So we use an uppercase V to indicate the voltage variables in s domain.

To find the transfer function, we need to relate the output voltage with the input voltage.

Let’s try to label all the node voltage variables in the circuit.

This node is a reference node, so it is zero volts.

For the non-inverting node, the voltage is V positive.

For the inverting node, it is V negative.

It is directly connected here.

The voltage here is V output.

For the ideal op amp circuit, the input current should be zero.

So the current through R1 should flow through the capacitor.

The voltage at the non-inverting node is V positive, which should be the current multiplied by the impedance.

So this expression should represent the current.

[math equation]

Let’s look at the output side.

The same current that flows through the capacitor also flows through the resistor.

So the voltage across the resistor should be the current multiplied by the resistance.

[math equation]

For an ideal op amp circuit, the voltages at the input nodes are equal.

So V positive is equal to V negative.

From equation 2, V output is a function of V negative.

We know V negative is equal to V positive.

Therefore, we can substitute equation 1 for equation 2.

[math equation]

Let’s try to simplify the equation.

[math equation]

We got a constant in the numerator and a first-order denominator.

We still need to make the highest-order coefficient of s equal to 1.

[math equation]

Remember: the transfer function is the ration of the output voltage to the input voltage.

[math equation]

We can put the transfer function into standard form.

[math equation]

That is the transfer function for the ideal op amp circuit.
