
2.3. Circuitry 17

further because the filter works as required.

2.3.2 Implementation of Eq. (1.2)

Figure 2.5: This figure shows the circuit diagram for the experiment. Each op-amp is
labeled with its function. The signal flows out of the delay circuit and filter through
the railing op-amp. Then, the signal is scaled and the external drive is added. In the
last step, the signal is integrated, and then plugged into the delay circuit.

The four steps of the pipeline to implement Eq. (1.2) are: the delay circuit, the
nonlinearity, the addition of the driving wave and the integrator. Fig. 2.5 displays
the entire external circuitry, with the filter and delay circuit described in Section 2.2.
Each op-amp is labeled by its e↵ect on the signal, but for clarity the signal will be
described in the following equations. Despite including listed resistances in Fig. 2.5,
the calculations will use variables.

We denote the voltage coming from the delay and filter as V⌧ , and denote by
VR the magnitude of the railed voltage, assuming the positive and negative rails are
equal. Directly after the Rail op-amp we find:

Vrail = VR sgn(V⌧ ). (2.2)

Following this, the scaling op-amp gives the following result:

Vscale = �R2

R1
Vrail, (2.3)

because it is an inverting amplifier [12]. It might be less characterized as an ampli-
fier, and more of a de-amplifier, since we need the op-amp to take a saturated voltage
and turn it down to a reasonable level. The goal of this is to reduce the signal by
about 1

10 of its original value. Note that the potentiometer, “Pot”, has little value in
the theoretical explanation of the circuit, given it is assumed that the positive and
negative rails have equal magnitude. All that “Pot” is used for is to account for dif-
ferences in actual voltage of the rail. To elaborate, ideally the negative and positive
rails of the op-amps would be equal, say ±15V , but in reality they are not. The
potentiometer is able to account for this di↵erence by adjusting the voltage applied
to the non-inverting lead of the op-amp. This results in the output of the op-amp


