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RLC circuit = Damped, Driven Harmonic Oscillator 



RLC circuit = Damped, Driven Harmonic Oscillator 

F   (force)         V   (potential) 
v   (velocity)    I    (current) 
x   (position)    q   (charge) 
m   (mass)    L   (inductance) 
b   (damping)    R   (resistance) 
k   (spring)    1/C   (capacitance)   
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Mechanical Electrical 



RLC circuit = Damped, Driven Harmonic Oscillator 

Mechanical 
Impedance 

Electrical 
Impedance 

  Admittance (Y) = (Impedance)-1 

  Conductance (G) = (Resistance)-1 



Ohm’s Law 

‘Simple’ Version 

‘Complete’ Version 

 Note that DC (direct current) can be considered a special case of AC (alternating 
current). The ‘complete’ version of Ohm’s Law thus allows for more dynamical 
behavior to be accounted for in an efficient fashion when using Fourier or Laplace 
transforms (and reduces to the ‘simple’ case for uni-directional currents).  





Example  Auditory hair cells as RLC Systems 

Crawford & Fettiplace (1985) 



Ex. Auditory hair cells 

 electrical measurements indicate both mechanical and electrical resonances  

Frishkopf & DeRosier (1983) 

bundle 
mechanically 
tuned 

Crawford & Fettiplace (1981) 

membrane 
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Fettiplace & Fuchs (1999) 

Sensory cells of the inner ear can behave like RLC circuits 

  Voltage-gated channels (e.g., 
calcium-activated “BK” 
potassium channels) have 
intrinsic dynamics that can give 
rise to electric tuning 



Fettiplace & Fuchs (1999) 

1. Mechanical motion deflects bundle, causing a 
transduction current to depolarize the cell 

2. “Depolarization opens voltage-gated Ca2+ 
channels, promoting a rise in internal Ca2+ that 
activates BK channels” 

Sensory cells of the inner ear can behave like RLC circuits 

3. “The large outward K+ current 
hyperpolarizes the membrane, closing the 
Ca2+ channels, which leads to the first 
cycle of the oscillation” 

4. “As the cell hyperpolarizes and intracellular 
Ca2+ transients dissipate, the BK channels 
partially close, but due to the continued extrinsic 
current, the membrane swings positive to initiate 
another cycle of Ca2+ influx.” 

“Since the BK channels are already partly activated, a smaller fraction of K+ current is recruited on the second cycle, which will have a 
smaller amplitude than the first. Because the K+ equilibrium potential (−80 mV) is negative to the resting potential (−50 mV), the BK 
channels behave as part of a negative feedback loop, but the time course of their activation delays the feedback and hence generates 
damped oscillatory responses. Such negative feedback also produces sharp tuning for sinusoidal stimuli, and the frequency at which 
the cell is maximally sensitive, the resonant frequency, should be influenced by the size and speed of the feedback.” 





Ramanathan & Fuchs (2002) 



Looking ahead from this point..... 



Consider Different Charged Solutes in Parallel 

Equivalent 



Lipid Bilayer Acts as a Capacitor 



Circuit Model for Membrane 





Nernst-Plank Equation 

Continuity 

Poisson’s Equation 

Eqns. of Electrodiffusion 



Nernst-Plank Equation  Electrodiffusion 

diffusion electric drift 

current 
density 


