The flow of current through a circuit can be compared to the flow of water through a system of pipes.


Potential is like water pressure; it is caused by the separation between positive and negative charges.


Current is the speed of water (charge) flow.


Capacitance is the ability to store charge; can be seen as a spring-loaded container.


Resistance is the relationship between voltage and current, and can be compared to the diameter of a pipe.


Conductance = g = 1/R

Simple rules you need to know to understand the circuit model:


Voltages across parallel branches of a circuit are equal.


Currents across parts of a circuit in a series are equal.


V = IR = I/g


Q = CV


C is proportional to area/distance.

Questions:


What does increasing the diameter of an axon do to the membrane resistance? The longitudinal resistance? The membrance capacitance?


What does adding myelin to the outside of an axon do to the membrane resistance? The membrane capacitance?

Simplifying assumptions of modern electrotonic theory:


1) Segments are cylinders.


2) The electrotonic potential is due to a change in the membrane potential, with respect to a “resting” membrane potential that does not, in fact, exist in real cells.


3) Electrotonic current is ohmic, i.e. it follows the simple linear equation V = IR.


4) Is a steady state exists, membrane capacitance is ignored.


5) The resting membrane potential can be ignored.


6) At any point along an axon, current has the choice between two resistance paths: along the axon through an internal resistance or across the membrane through a membrane resistance.


7) Axial current is inversely proportional to diameter.


8) Membrane resistance is inversely proportional to diameter.


9) The medium external to the axon is assumed to offer zero resistance.


10) The forces driving membrane conductance/resistance are assumed to be constant.


11) Long axons can be treated as having infinite length.

Characteristic length


Characteristic length = sqrt((Rm/Ri) * (d/4))


Characteristic length is the length to which electrotonic potential spreads before it reaches 37% of its initial value.

Time constant of the membrane


Time constant = membrane resistance * membrance capacitance


This time constant is the time it takes for the membrane to reach .63% of its final value.

Two-compartment model: basic sequence of events

1) Positive current is injected into one of the compartments.


2) The current attempts to flow outward across the membrane, depolarizing the membrane capacitance and flowing across the membrane through the resistance of the ionic membrane channels.


3) Some charge also flows through the internal resistance into compartment B, where event 2 takes place again.

