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Water
analogy

OHM’S “LAW” |

Unit of electrical resistance:

the ohm (101 = 1V/A)

m Ohm's Law: Resistance and Resistors

To produce an electric current in a circuit, a difference in potential is required.
One way of producing a potential difference along a wire is to connect its ends to
the opposite terminals of a battery. It was Georg Simon Ohm (1787-1854) who
established experimentally that the current in a metal wire is proportional to
the potential difference V applied to its two ends:
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If, for example, we connect a wire to a 6-V battery, the current in the wire will be
twice what it would be if the wire were connected to a 3-V battery. It is also found
that reversing the sign of the voltage does not affect the magnitude of the current.

A useful analogy compares the flow of electric charge in a wire to the flow
of water in a river, or in a pipe, acted on by gravity. If the river or pipe is nearly
level, the flow rate is small. But if one end is somewhat higher than the other,
the flow rate—or current—is greater, The greater the difference in height, the
swifter the current. We saw in Chapter 17 that electric potential is analogous, in
the gravitational case, to the height of a cliff. This applies in the present case to
the height through which the fluid flows. Just as an increase in height can cause
a greater flow ol water, so a greater electric potential difference, or voltage,
causes a greater electric current,

Exactly how large the current is in a wire depends not only on the voltage,
but also on the resistance the wire offers to the flow of electrons. The walls of a
pipe, or the banks of a river and rocks in the middle, offer resistance to the
current, Similarly, electron flow is impeded because of interactions with the
atoms of the wire. The higher this resistance, the less the current for a given
voltage V. We then define electrical resistance so that the current is inversely
proportional to the resistance: that is,

V .
R=— (18-2a)
1
where R is the resistance of a wire or other device, V' is the potential difference
applied across the wire or device, and / is the current through it. Equation 18-2a
is often written as

V =1IR. (18-2b)

As mentioned above, Ohm found experimentally that in metal conductors R is a
constant independent of V, a result known as Ohm’s law. Equation 18-2b,
V' = IR, is itself sometimes called Ohm’s law, but only when referring to mate-
rials or devices for which R is a constant independent of V. But R is not a
constant for many substances other than metals, nor for devices such as diodes,
vacuum tubes, transistors, and so on. Thus Ohm’s “law™ is not a fundamental
law, but rather a description of a certain class of materials: metal conductors.
Materials or devices that do not follow Ohm’s law (R = constant) are said to
be nonohmic. See Fig. 18-9.

The unit for resistance is called the ohm and is abbreviated 1 (Greek
capital letter omega). Because R = V/I, we see that 1.0} is equivalent
to 1LOV/A,

FIGURE 18-9 Graphs of current vs. voltage for (a) a metal
conductor which obevs Ohm’s law, and (b) for a nonohmic
device. in this case a semiconductor diode.
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