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The most important aspect of a neuron is not that it has a resting potential
(most cells do), but rather that it can respond to a stimulus and conduct an elec-
trical signal along its length. A nerve can be stimulated in various ways. The
stimulus could be thermal (when you touch a hot stove) or chemical (as in taste
buds); it could be pressure (as on the skin or at the eardrum), or light (as in the
eye): or it could be the electric stimulus ol a signal coming from the brain or
another neuron. In the laboratory, the stimulus is usually electrical and is
applied by a tinv probe at some point on the neuron. If the stimulus exceeds
some threshold, a voltage pulse will travel down the axon. This voltage pulse
can be detected at a point on the axon using a voltmeter or an oscilloscope
connected as in Fig. 18-29. This voltage pulse has the shape shown in
Fig. 18-30, and is called an action potential. As can be seen, the potential
increases from a resting potential of about =70 mV and becomes a positive
30mV or 40 mV. The action potential lasts for about 1 ms and travels down an
axon with a speed of 30 m/s to 150 m/s. When an action potential is stimulated,
the nerve is said to have “fired.”
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What causes the action potential? Apparently, the cell membrane has the
ability to alter its permeability properties. Al the point where the stimulus
occurs, the membrane suddenly becomes much more permeable to Na™ than to
K™ and CI” ions, Thus, Na™ ions rush into the cell and the inner surface of the
wall becomes positively charged, and the potential difference quickly swings
positive (= +30mV in Fig. 18-30). Just as suddenly, the membrane returns to its
original characteristics: it becomes impermeable to Na® and in fact pumps out
Na™ ions. The diffusion of CI” and K” ions again predominates and the original
resting potential is restored (=70 mV in Fig. 18-30).

What causes the action potential to travel along the axon? The action
potential occurs at the point of stimulation, as shown in Fig. 18-31a. The
membrane momentarily is positive on the inside and negative on the outside at
this point. Nearby charges are attracted toward this region, as shown in
Fig. 18-31b. The potential in these adjacent regions then drops, causing an
action potential there. Thus, as the membrane returns to normal at the original
point, nearby it experiences an action potential, so the action potential moves
down the axon (Figs. 18-31c and d).

You may wonder if the number of ions that pass through the membrane
would significantly alter the concentrations. The answer is no; and we can show
why by treating the axon as a capacitor in the following Example.
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