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“Electric
Pile’

HEN Alessandro Volta, Italian physicist

and protege of Napoleon Bonaparte, an-
nounced the invention of his “electric pile”
in 1800, he touched off an explosion of
scientific discoveries and technological in-
novations that have shaped the world we
know today. Voltd’s pile, forerunner of
modemn primary-cell batteries, was a revohu-
ti(mm'y device because it wus the very first
sowrce of continuously flowing  electrical
energy.

Just prier to  Volta’s  anmouncement,
scientists were preoccupied with the prob-
lems of wnderstanding and applying the
only kinds of electricity known at the time—
static electricity und the mysterious “animal
electricity” discovered by Luigi Galvani.
Volta's pile changed the course of electrieal
rescarch, leaving the brief sparks of static
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clectricity behind as u specialized branch
of physics and making Calvani’s discoveries
into nothing more than a scientific curiosity.

As a professor of physies at the Ttalian
universities at Como and Pavia, Volta spent
the first thirty years of his career looking
for wavs to qvnumtc* measure, and (()ntmf
static electricity, His elec trophorus and con-
densing Llectmswpe both evolved directly
trom llm line of work, When Galvani sent
him a mpv of a paper deseribing @ new
kind of “animal electricity,” Volta imme-
dldteh (hnppvd his work, and be qan repro-
(]nung the famaus frog-muscle experiments,
His primary objective was to help Galvani
expluin his strange observations.

Galvani, an Ttalian physician in Belogna,
had accidently discovered thal touching the
nerves in a frogs leg with a pair of unlike
metals made the muscles comvulse. He
thought that the living tissues, and not the
metals, were the source of clectrical energy.
Galvani called this form  of  electeicity
“animul electricity” to distinguish it from
static electricity, and he %mwre]v helieved
he had uncovered the secret force of life.

According to Galvani, the nerve tissue
generated the electrical energy that made
the frog's leg convulse, In the light of mod-
ern electrophysiology. he wasn't far from
wrong. Where Galvani went off track wus
with his belief that the metals mercly com-
pleted the circuit between nerve and
muscle, As a methodical experimenter, Volta
tried the experiment using two picces of
the same metal-something that never oc-
curred to Gulvani. The frog’s leg did not
twitch. The discrepuncy came as a big sur-
prise 1o both men. Volta responded by
re-evaluating Galvani's theory. Galvani and
s followers responded by  eriticizing
Volta’s  new-fangled  experimental  pro-
cedures.

At the time, it took a great deal of hold
and creative insight to propose that the
metals, and not the animal tissues, were
hehind this new kind of electrical energy.
When Volta arrived at this notion, he began
a series of experiments to show that a pair
of unlike metals can produce electricity
without the help of any kind of aniral
tissues, His first experiments used a single
pair of metals bathed in cither a hrine
solution or a dilute acid. Volta, by the way,
was never able to explain the function of the
brine or acid.

When Galvani heard about Volta’s new
experiments, he responded by pointing out
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-ﬁ: faer that an electric eel can produce
large amonnts of “animal electricity.” with-
out the help of any kind of metal. For the
time being, this argument stimped  Volta;
but it didn't stop him.

The anly research instrunments at  the
time  were' those designed  for studying
static clectricity—hardly the kinds of instra-
ments a modem-day techniciin would use
to studdy the vature of  hatteries. Thus.
Volta had to juggle electroscopes, charged
elass rods and slabs of resin to measure his
“metallic contact L‘I(‘('ll'i(‘it_\'.“

Voltu determined the relative intensity of
his clectrical forces Il)' (']l:lrging an electyo-
scope with his hrine-hathed wmetals. The
farther the leaves separated, the larger the
electricul  tension. e determined  the
polarity of his potentials by first charging
an electroscope with a static charge of
known polarity. then touching it with one
of the metallic electrodes. If the leaves
fell together, the electrode Nad a charge
npposite that of the reference static charge.
Il the leaves separated cven farther, the
polarity had to be the same as the relerence
tatic charge.

His first experiments showed that differ-
ent combinations of electrode metals pro-
duced different polarities and amounts of
cloctrical  tension. By mating all possible
puirs of electrodes made from lead, zine
copper, graphite. silver and  gold, Volta
constructed the first table of electromotive
elements. He and other investigators later
used this tuble to predict the voltages and
pnlan’ties a cerlain combination of metals
would praduce.

While Galvani was quietly gathering sup-
porting data for his findings. Volta had to
work hetween bouts of accusations and
“public insults™ cencerning his allegiance to
Ttaly. When Napoleon and  his  armies
stormed into northern Ttuly. making Volta's
stale of Lombardy part of the French
Empire. Volla wus one of the Italians sent
to greet the noted conqueror. Being a resi-
dent of the little state, Volta wasn'l overly
enthusiustic ahout his mission; but, having
met Nu]ml()nn in Paris several vears hefore.
Volia decided it would be wise to move
with the tide of the times, and make the
best of the political situations areund him.

Volta wasn’t a traitor in the usnal sense
because the people of Lombardy had always
heen sympathetic to the French cause. Thev
.Innked upon Nupoleon as ane who could

finally unifv the separate states of their
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nation. Nevertheless, a  few  influential
ftalians living in other parls of the country
began making trouble for the physicist. To
add fuel to the animosities between Volta
and Gualvani, the physician stubbarnly re-
fused to pledge allegiance to the French flag.
Volta's situation became so bad at one point
that Napoleon, himself, intervened to save
the neck of his favorite scientist,

When the political air finallv cleared.,
Volta retumed to the scientific tasks af
hand. The only remaining problem was
finding a way to get 4 more convincing
amonnt of electrical tension From his con-
tact metals. He came upon the idea of piling
copper and zine dises on top of one another,
sandwiching a picce of brine-sonked card-
board between cach pair. This “pile” of
metals and cardboard actually formed wha
we now know as a series ailling circuit,

In 1800, Valta described the final results
of his work in a long, two-parl letter to
Joseph Banks. President of the Royal Society
of London. Banks prepared the letter as a
formal scientific paper for the Phlilosophical
Fransactions of the British Royal Society.
Published under the title of “On the Flee-
tricity  Hxcited by the Mere Contact of
Conducting Substances of Different Kinds.”
the world learned of Volta’s source of con-
tinnously flowing electrical energy.

This famous paper clearly showed that a
chemicual action between puirs of brine- or
acid-soaked metals produced the new form
of electrieity,  Thus,  Galvani's theory
suffered a sudden and complete deuth.

Lower part of Voltaic pile. Most had
30 sets of metal and cardboard discs.

CARDBOARD SOAKED
IN WEAK ACID
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The first part of Volta’s paper described
the construction and effects produced by
his electric pile: . if the sets of triplets
of the plaltm be added 20 or 3¢ more. dis-
posed in the same order. the actions of the
extended pile will be mnch stronger. anel be
felt through the arms up to the shoulders;
and by coutinuing the touchings, the pains
in the hands beemne insupportable.”

Volta also noted that the “perpetual”
eleetrieal action stopped as the cardhoard
picees began to drv out. Te remedy this
prublem  Volta invented the “crown  of
glasses”—glasses filled with a weak  acid
soltion and  containing u pair of mnlike
metals, By attaching sives from an electrode
of one Xind to an elecetrade of the other
kind in another glass, Volta wired np what
W rnow ]’(I’l”\v das a 5(‘1'!‘“5 ('0" al'l';lllgt‘lﬂ(‘lll.
This makes up a more familiar version of

i
wet-cell hatteries that are emploved today.

Although Volta and Galvani were bitter
enemies, Voltu gave Galvani full credit for
leading him into the kind of rescarch that
resulted in the “pile” and “crown of glasses.”
L.lrgpl\' due to Volta's support, his ° per-
potual” current became kuown as “galvanic
current,” Electrical researchers later named
the  pabhanometer  after the  anfortunate
Ttatian physician.

Volta, however, conld ot resist taking
sme public jub at the man who had been
his rival for so many vears. When Napoleon
invited Volta to demonstrate his inventions
before the political and scientific leaders of
the French Finpire. Volta introduced  his
clectric: pile by unwrapping it from the
skin of an electric eel—the animal that
represented Galvani's strongest argument for
“animal clectricity.” ®

A PERMANENT 3.75-

IMOSE readers who have heen passing up

the 3.75-voll nickel-cadminm batlerv of-
fer currently being made by Edmund Sci-
entifie Co. {300 Edscorp Bldg., Barrington,
NJ 08007) e overlooking an especially
good buv, These hatteries are hermetically
staled i steel cuses, Thev mainlain a con-
stant potential :lunmr discharge and have
excellent charge relention pruperhv Thev
are rded at 750 mAhours. And they sell
for onlv $2.40 cach. To top it all ofl. the
Fclinundd people guaranter these batleries
for at least 300 (hdn_,ts provided the ree-
anenenderd charging rate is not exceeded.

e s Stock Na. 60,633 batteries can
he used in any apphication where any other
hattery can he used—and in some (lpl)ll(.d‘
tions where other batteries just can’t hack
it,

The charging rate of a nickel-cacdiminm
h.lll(‘["\' 18 Very 1'111pnrtunt. Edimond recom-
mends that their butteries be charged at a
rate nol greader than 75 mA over a period
of 16 hours. I mimy atpp]icutir)ns'_ how-
ever, a charging rate of only 35 mA will
keep the Dhatteries charged,

Charging can be accomplished by any
de souree, the potential of which must he
significantly greater than the nomiual 3.75-
volt rating of the bhattery pack. Alb that is
necessary to assnre a safe Lhdlgnn_, rake is a
current-Timiting resistor hetween the hattery
pack and the (h.u_gmg SOUree.
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A siniple ac-powered charger for the Ed-
muted battery puek is shown in the schemat-
i (1i:lgrum. Naote that u st(.‘p-dn\\'n trans-
former capuble ol delivering between 5 and
7.5 volts at the secondary is connected to
fullwave hridge rectifier assembly. Poten-
tiometer R is the limiting resistor, while
milliammeter MI allows the user to visually
set the charge rale to the proper level, The
output from the charger is unfiltered. which
is perfectly safe and satisfactory for Ni-
Cad battery churging,

St 570
7.5
VAG
1I7VAC

For applications like continuons, 24-hour-
a-dav, eperation ol crvstad oscillators. for
pork able test instruments emploving digital
RTL integratedl circuits, and for alarm and
surveillance service (to name but three),
the battery is unsirpassed in pe]fnrnmn(‘c
and reliabilitv. And Edmund’s low price of
onlv 82,40 for the 3.75-volt batterv pack
makes it realistic and worthwhile o have
several puckq en stundby, ready to go into
service for any new zlpplicatinn or emcr-
geney that should happen along. @
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