
Basic Michelson interferometer set-up to measure blade spring crackling:

Figure 1:

First we construct a sample �crackling� signal.
We know for the ideal spring constant k0 we have

F (t) = k0x(t)

where x(t) = A0sin(2πfdrivet), A0 is the maximum distance of the spring from
the equilibrium position, fdrive is the frequency at which we are driving the
spring, and t is time. We expect that low frequency oscillations (~0.1Hz) in the
spring result in high frequency (10Hz - 100Hz) crackling, so we set fdrive = 0.1Hz
for now.

Due to imperfections in the spring material, crackling occurs, making the
spring constant no longer constant. We predict that the change in the spring
constant due to crackling depends on either the amplitude of the spring or the
velocity of the spring:

k(t) = k0 + δk(t) = k0 + n(t) ∗ x(t) ∗ α

or

k(t) = k0 + n(t) ∗ ẋ(t) ∗ α

where α is some coupling constant and n(t) is a noise function, which in this
simulation we have as a set of random numbers.

Now, with crackling

F = k0x(t) = (k0 + δk(t))(x(t) + δx(t))

we assume δk(t)δx(t) is much smaller than the other terms, and neglect it.

1



Solving, we get

crackle = δx(t) = −δk(t)x(t)/k0

= αn(t)k0x
2(t) = αn(t)k0A

2
0sin

2(2πfdrivet)

To extract information from the crackling signal, which may be buried un-
der other types of noise signals, we use the chopping method as shown in the
circuit diagram. We take the crackling signal, use a bandpass �lter to get the
frequencies in the range we are interested in (10Hz - 100Hz), square the signal
(take it to the 2nd power), use another bandpass �lter, and then mix the signal
with a sinusoidal function at either 2fdrive (for k(t) depends on x(t)) or 4fdrive
(for k(t)depends on ẋ(t)), and �nally send the signal through a lowpass �lter
(essentially taking the time average?).

Figure 2:
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