FIGURE 18-1 Alessandro Volta.
In this portrait, Volta exhibits his
battery to Napoleon in 1801,

FIGURE 18-2 A voltaic battery,
from Volta’s original publication.

Electrodes

We first look at electric current from a macroscopic point of view: that is,
current as measured in a laboratory. Later in the Chapter we look at currents
from a microscopic (theoretical) point of view as a flow of electrons in a wire.

Until the year 800, the technical development of electricity consisted
mainly of producing a static charge by friction. Tt all changed in 1800 when
Alessandro Volta (1745-1827; Fig. 18—1) invented the electric battery, and with
it produced the first steady flow of electric charge—that is, a steady electric
current.

m The Electric Battery

The events that led to the discovery of the battery are interesting. For not only
was this an important discovery, but it also gave rise to a famous scientific debate.

In the 1780s, Luigi Galvani (1737-1798), professor at the University of
Bologna, carried out a series of experiments on the contraction of a frog’s leg
muscle through electricity produced by static electricity. Galvani found that the
muscle also contracted when dissimilar metals were inserted into the frog.
Galvani believed that the source of the electric charge was in the frog muscle or
nerve itself, and that the metal merely transmitted the charge to the proper
points. When he published his work in 1791, he termed this charge “animal
electricity.” Many wondered, including Galvani himself, if he had discovered the
long-sought “life-force.”

Volta, at the University of Pavia 200 km away, was skeptical of Galvani’s
results, and came to believe that the source of the electricity was not in the
animal itself, but rather in the contact between the dissimilar metals. Volta real-
ized that a moist conductor, such as a frog muscle or moisture at the contact
point of two dissimilar metals, was necessary in the circuit if it was to be effec-
tive. He also saw that the contracting frog muscle was a sensitive instrument for
detecting electric “tension”™ or “electromotive force™ (his words for what we
now call potential), in fact more sensitive than the best available electroscopes
that he and others had developed.

Volta’s research found that certain combinations of metals produced a
greater effect than others, and, using his measurements, he listed them in order
of effectiveness. (This “electrochemical series™ is still used by chemists today.)
He also found that carbon could be used in place of one of the metals.

Volta then conceived his greatest contribution to science. Between a disc of
zinc and one of silver, he placed a piece of cloth or paper soaked in salt solution
or dilute acid and piled a “battery” of such couplings, one on top of another, as
shown in Fig. 18-2. This “pile” or “battery” produced a much increased poten-
tial difference. Indeed, when strips of metal connected to the two ends of the
pile were brought close, a spark was produced. Volta had designed and built the
first electric battery: he published his discovery in 1800.

Electric Cells and Batteries

A battery produces electricity by transforming chemical energy into electrical
energy. Today a great variety of electric cells and batteries are available, from
flashlight batteries to the storage battery of a car. The simplest batteries contain
two plates or rods made of dissimilar metals (one can be carbon) called
electrodes. The electrodes are immersed in a solution, such as a dilute acid,
called the eleetrolyte. Such a device is properly called an eleetric eell, and
several cells connected together is a battery, although today even a single cell is

"Volta’s most sensitive electroscope (see Section 16-4 and Fig. 16-10) measured about 40V per
degree (angle of leaf separation). Nonetheless, he was able to estimate the potential differences
produced by dissimilar metals in contact: for a silver-zine contact he got about (L7 V, remarkably
close to today’s value of 0,78V,
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