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Voltaic Battery 
 

ON THE CONNECTION OF THE PHYSICAL SCIENCES 

Pgs. 290 – 297  

BY MARY SOMERVILLE 

Voltaic electricity is of that peculiar kind which is elicited by the force of chemical action. It is connected 
with one of the most brilliant periods of British science, from the splendid discoveries to which it led Sir 
Humphry Davy; and it has acquired additional interest since the discovery of the reciprocal action of 
Voltaic and magnetic currents, which has proved that magnetism is only an effect of electricity, and that 
it has no existence as a distinct or separate principle. Consequently Voltaic electricity, as immediately 
connected with the theory of the earth and planets, forms a part of the physical account of their nature. 
 
In 1790, while Galvani, Professor of Anatomy in Bologna, was making experiments on electricity, he was 
surprised to see convulsive motions in the limbs of a dead frog accidentally lying near the machine 
during an electrical discharge. Though a similar action had been noticed long before his time, he was so 
much struck with this singular phenomenon, that he examined all the circumstances carefully, and at 
length found that convulsions take place when the nerve and muscle of a frog are connected by a 
metallic conductor. This excited the attention of all Europe; and it was not long before Professor Volta of 
Pavia showed that the mere contact of different bodies is sufficient to disturb electrical equilibrium, and 
that a current of electricity flows in one direction through a circuit of three conducting substances. From 
this he was led, by acute reasoning and experiment, to the construction of the Voltaic pile, which, in its 
early form, consisted of alternate discs of zinc and copper, separated by pieces of wet cloth, the 
extremities being connected by wires. This simple apparatus, perhaps the most wonderful instrument 
that has been invented by the ingenuity of man, by divesting electricity of its sudden end 
uncontrollable violence, and giving in a continued stream a greater quantity at a diminished 
intensity, has exhibited that fluid under a new and manageable form, possessing powers the 
most astonishing and unexpected. As the Voltaic battery has become one of the most 
important engines of physical research, some account of its present condition may not be out 
of place. 
 
The disturbance of electric equilibrium, and a development of electricity, invariably accompany 
the chemical action of the fluid on metallic substances, and are most plentiful when that action 
occasions oxidation. Metals vary in the quantity of electricity afforded by their combination 
with oxygen. But the greatest abundance is developed by the oxidation of zinc by weak 
sulphuric acid. And in conformity with the law that one kind of electricity cannot be evolved 
without an equal quantity of the other being brought into activity, it is found that the acid is 
positively, and the zinc negatively electric. It has not yet been ascertained why equilibrium is 
not restored by the contact of these two substances, which are both conductors, and in 
opposite electrical states. However, the electrical and chemical changes are so connected, that 
unless equilibrium be restored, the action of the acid will go on languidly, or stop as soon as a 
certain quantity of electricity is accumulated in it. Equilibrium nevertheless will be restored, and 
the action of the acid will be continuous, if a plate of copper be placed in contact with the zinc, 
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both being immersed in the fluid; for the copper, not being acted upon by the acid, will serve as 
a conductor to convey the positive electricity from the acid to the zinc, and will at every instant 
restore the equilibrium, and then the oxidation of the zinc will go on rapidly. Thus three 
substances are concerned in forming a Voltaic circuit, but it is indispensable that one of them 
should be a fluid. The electricity so obtained will be very feeble in overcoming resistances 
offered by imperfect conductors interposed in the circuit, or by very long wires, but it may be 
augmented by increasing the number of plates. In the common Voltaic battery, the electricity 
which the fluid has acquired from the first plate of zinc, exposed to its action, is taken up by the 
copper plate belonging to the second pair, and transferred to the second zinc plate, with which 
it is connected. The second plate of zinc possessing equal powers, and acting in conformity with 
the first, having thus acquired a larger portion of electricity than its natural share, 
communicates a larger quantity to the fluid in the second cell. This increased quantity is again 
transferred to the next pair of plates; and thus every succeeding alternation is productive of a 
further increase in the quantity of the electricity developed. This action, however, would stop 
unless a vent were given to the accumulated electricity, by establishing a communication 
between the positive and negative poles of the battery, by means of wires attached to the 
extreme plate at each end. When the wires are brought into contact, the Voltaic circuit is 
completed, the electricities meet and neutralize each other, producing the shock and other 
electrical phenomena; and then the electric current continues to flow uninterruptedly in the 
circuit, as long as the chemical action lasts. The stream of positive electricity flows from the zinc 
to the copper. The construction and power of the Voltaic battery has been much improved of 
late years, but the most valuable recent improvement is the constant battery of Professor 
Daniell. In all batteries of the ordinary construction, the power, however energetic at first, 
rapidly diminishes, and ultimately becomes very feeble. Professor Daniell found that this 
diminution of power is occasioned by the adhesion of the evolved hydrogen to the surface of 
the copper, and to the precipitation of the sulphate formed by the action of the acid on the 
zinc. He prevents the latter by interposing between the copper and the zinc, in the cell 
containing the liquid, a membrane which, without impeding the electric current, prevents the 
transfer of the salt; and the former, by placing between the copper and the membrane solution 
of sulphate of copper, which being reduced by the hydrogen prevents the adhesion of this gas 
to the metallic surface. Each element of the battery consists of a hollow cylinder of copper, in 
the axis of which is placed a cylindrical rod of zinc; between the zinc and the copper a 
membranous bag is placed, which divides the cell into two portions. the inner of which is filled 
with dilute acid, and the one nearer the copper is supplied with crystals of the sulphate of that 
metal. The battery consists of several of these elementary cells connected together by metallic 
wires, the zinc rod of one with the copper cylinder of that next to it. The zinc rods are 
amalgamated, so that local action, which in ordinary cases is so destructive of the zinc, does not 
take place, and no chemical action is manifested unless the circuit be completed. The rods are 
easily detached, and others substituted for them when worn out. This battery, which possesses 
considerable power, and is constant in its effects for a very long period of time, is greatly 
superior to all former arrangements, either as an instrument of research, or for exhibiting the 
ordinary phenomena of Voltaic electricity.  
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A battery charged with water alone, instead of acid, is very constant in its action, but the 
quantity of electricity it develops is comparatively very small. Mr. Cross of Broomfield in 
Somersetshire, has kept a battery of this kind in full force during twelve months. M. Becquerel 
had invented an instrument for comparing the intensities of the different kinds of electricity by 
means of weights; but as it is impossible to make the comparison with Voltaic electricity 
produced by the ordinary batteries, on account of the perpetual variation to which the intensity 
of the current is liable, he has constructed a battery which affords a continued stream of 
electricity of uniform power, but it is also of very feeble force. The current is produced by the 
chemical combination of an acid with an alkali. 
 
Metallic contact is not necessary for the production of Voltaic electricity, which is entirely due 
to chemical action. The intensity of the Voltaic electricity is in proportion to the intensity of the 
affinities concerned in its production, and the quantity produced is in proportion to the 
quantity of matter which has been chemically active during its evolution. Dr. Faraday considers 
this definite production to be one of the strongest proofs that the electricity is of chemical 
origin. 
 
Galvanic or Voltaic, like common electricity, may either be considered to consist of two fluids 
passing in opposite directions through the circuit, or, if the hypothesis of one fluid be adopted, 
the zinc end of the battery may be supposed to have an excess of electricity, and the copper 
end a deficiency. Hence, in the latter case, the zinc is the positive end of the battery, and the 
copper the negative. 
 
Voltaic electricity is distinguished by two marked characters. Its intensity increases with the 
number of plates—its quantity with the extent of their surfaces. The most intense 
concentration of force is displayed by a numerous series of large plates, light and heat are 
copiously evolved, and chemical decomposition is accomplished with extraordinary energy; 
whereas the electricity from one pair of plates, whatever their size may be, is so feeble that it 
gives no sign either of attraction or repulsion; and, even with a battery consisting of a very 
great number of plates, it is difficult to render the mutual attraction of its two wires sensible, 
though of opposite electricities. 
 
The action of Voltaic electricity differs in some respects materially from that of the ordinary 
kind. When a quantity of common electricity is accumulated, the restoration of equilibrium is 
attended by an instantaneous violent explosion, accompanied by the development of light, 
heat, and sound. The concentrated power of the fluid forces its way through every obstacle, 
disrupting and destroying the cohesion of the particles of the bodies through which it passes, 
and occasionally increasing its destructive effects by the conversion of fluids into steam from 
the intensity of the momentary heat, as when trees are torn to pieces by a stroke of lightning. 
Even the vivid light which marks the path of the electric fluid is probably owing in part to the 
sudden compression of the air and other particles of matter during the rapidity of its passage, 
or to the violent and abrupt reunion of the two fluids. But the instant equilibrium is restored by 
this energetic action the whole is at an end. On the contrary, when an accumulation takes place 
in a Voltaic battery, equilibrium is restored the moment the circuit is completed. But so far is 
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the electric stream from being exhausted, that it continues to flow silently and invisibly in an 
uninterrupted current supplied by a perpetual reproduction. And although its action on bodies 
is neither so sudden nor so intense as that of common electricity, yet it acquires such power 
from constant accumulation and continued action, that it ultimately surpasses the energy of 
the other. The two kinds of electricity differ in no circumstance more than in the development 
of heat. Instead of a momentary evolution, which seems to arise from a forcible compression of 
the particles of matter during the passage of the common electric fluid, the circulation of the 
Voltaic electricity is accompanied by a continued development of heat, lasting as long as the 
circuit is complete, without producing either light or sound; and this appears to be its 
immediate direct effect, independent of mechanical action. Its intensity from a very powerful 
battery is greater than that of any heat that can be obtained by artificial means, so that it fuses 
substances which resist the action of the most powerful furnaces. The temperature of every 
part of a Voltaic battery itself is raised during its activity. 
 
When the battery is powerful, the luminous effects of Voltaic electricity are very brilliant. But 
considerable intensity is requisite to enable the electricity to force its way through the air on 
bringing the wires together from the opposite poles. Its transit is accompanied by light; and in 
consequence of the continuous supply of the fluid, sparks occur every time the contact of the 
wires is either broken or renewed. The most splendid artificial light known is produced by fixing 
pencils of charcoal at the extremities of the wires, and bringing them into contact. This light is 
the more remarkable, as it appears to be independent of combustion, since the charcoal suffers 
no change, and likewise because it is equally vivid in such gases as do not contain oxygen. 
Though nearly as bright as solar light, it differs materially from it when analyzed with a prism. 
Professor Wheatstone has found that the appearance of the spectrum of the Voltaic spark 
depends upon the metal from whence the spark is taken. The spectrum of that from mercury 
consists of seven definite rays, separated from each other by dark intervals; these visible rays 
are two orange lines close together, a bright green line, two bluish green lines near each other, 
a very bright purple line, and lastly a violet line. The spark taken from zinc, cadmium, tin, 
bismuth, and lead in the melted state, gives similar results; but the number, position, and color 
of the lines vary so much in each case, and the appearances are so different, that the metals 
may be easily distinguished from each other by this mode of investigation. It appears, 
moreover, that the light does not arise from the combustion of the metal; for the Voltaic spark 
taken from mercury successively in the vacuum of an air-pump, in the Torricellian vacuum, and 
in carbonic acid gas, is precisely the same as when the experiment is performed in the air or in 
oxygen gas. Notwithstanding the difference between electric and solar light, M. Arago is 
inclined to attribute the intense light and heat of the sun to electrical action. 
 
Voltaic electricity is a powerful agent in chemical analysis. When transmitted through 
conducting fluids it separates them into their constituent parts, which it conveys in an 
invisisible state through a considerable space or quantity of liquid to the poles, where they 
come into evidence. Numerous instances might be given, but the decomposition of water is 
perhaps the most simple and elegant. Suppose a glass tube filled with water and corked at both 
ends; if one of the wires of an active Voltaic battery be made to pass through one cork and the 
other through the other cork, into the water, so that the extremities of the two wires shall be 
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opposite and about a quarter of an inch asunder, chemical action will immediately take place, 
and gas will continue to rise from the extremities of both wires till the water has vanished. If an 
electric spark be then sent through the tube, the water will reappear. By arranging the 
experiment so as to have the gas given out by each wire separately, it is found that water 
consists of two volumes of hydrogen and one of oxygen. The hydrogen is given out at the 
positive wire of the battery, and the oxygen at the negative. The oxides are also decomposed; 
the oxygen appears at the positive pole, and the metal at the negative. The decomposition of 
the alkalies and earths by Sir Humphry Davy formed a remarkable era in the history of Science. 
Soda, potass, lime, magnesia, and other substances heretofore considered to be simple bodies 
incapable of decomposition, were resolved by electric agency into their constituent parts, and 
proved to be metallic oxides, by that illustrious philosopher. All chemical changes produced by 
the electric fluid are accomplished on the same principle; and it appears that in general, 
combustible substances, metals, and alkalies go to the negative wire, while acids and oxygen 
are evolved at the positive. The transfer of these substances to the poles is not the least 
wonderful effect of the Voltaic battery. Though the poles be at a considerable distance from 
one another nay, even in separate vessels, if a communication be only established by a quantity 
of wet thread, as the decomposition proceeds the component parts pass through the thread in 
an invisible state, and arrange themselves at their respective poles. According to Dr. Faraday, 
electro-chemical decomposition is simply a case of the preponderance of one set of chemical 
affinities more powerful in their nature over another set which are less powerful. The great 
efficacy of Voltaic electricity in chemical decomposition arises from the continuance of its 
action; and its agency appears to be most exerted on fluids and substances which, by conveying 
the electricity partially and imperfectly, impede its progress. But it is now proved to be as 
efficacious in the composition as in the decomposition or analysis of bodies.  
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Voltaic Battery 
 

CONVERSATIONS ON CHEMISTRY 

Pgs. 178 – 187   

BY JANE MARCET 

MRS. B. Very well. Hitherto we have considered the electricities which have been separated by friction; 
we shall now examine that which is produced by contact and by chemical agency.  

It was a trifling and accidental circumstance which first gave rise to this new branch of physical science. 
Galvani, a professor of natural philosophy at Bologna, being engaged (about forty years ago) in some 
experiments on muscular irritability, observed, that when a piece of metal was laid on the nerve of a 
frog, recently dead, whilst the limb supplied by that nerve rested upon some other metal, the limb 
suddenly moved, on a communication being made between the two pieces of metal. 

EMILY. How is this communication made?  

MRS. B. Either by bringing the two metals into contact, or by connecting them by means of a metallic 
conductor. But without subjecting a frog to any cruel experiments, I can easily make you sensible of this 
kind of electric action. Here is a piece of zinc, (one of the metals I mentioned in the list of elementary 
bodies) — put it under your tongue, and this piece of silver upon your tongue, and let both the metals 
project a little beyond the tip of the tongue; — very well; — now make the projecting parts of the 
metals touch each other, and you will instantly perceive a peculiar sensation. 

EMILY. Indeed I did; a singular taste, and I think a degree of heat; but I can hardly describe it.  

MRS. B. The action of these two pieces of metal on the tongue is precisely similar to that made on the 
nerve of a frog. I shall not detain you by a detailed account of the theory by which Galvani attempted to 
explain this fact, as it was soon overturned by subsequent experiments, which proved that Galvanism 
(the name this new power had obtained) was nothing more than electricity. Galvani supposed that the 
virtue of this new agent resided in the nerves of the frog; but Volta, who prosecuted this subject with 
much greater success, showed that the phenomena did not depend on the organs of the frog, but upon 
the electrical agency of the metals, which is excited by the moisture of the animal; the organs of the frog 
being only a delicate test of the presence of electric influence.  

He proved, by a variety of experiments, that when two metals, having been placed in contact, are 
afterwards separated, the equilibrium of the two electricities is deranged; part of the vitreous passing 
into the one, and part of the resinous into the other. It appears, however, that some intervening fluid is 
necessary to produce this effect; for, if the contact of the plates be made in a perfectly dry vacuum, no 
electricity is excited.  

EMILY. Is the air, then, sufficient to develope electricity?  

MRS.B. It is, perhaps, rather the moisture and the carbonic add contained in the atmosphere which 
produce this effect.  
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CAROLINE. I suppose, then, the saliva of the mouth answers the same purpose in exciting the electricity 
of the pieces of silver and zinc with which Emily tried the experiment on her tongue?  

MRS. B. Precisely. Water, and acids very much diluted by water, are found to be the most effectual in 
promoting the development of electricity in metals; and, accordingly, the original apparatus which Volta 
first constructed for this purpose consisted of a pile or succession of plates of zinc and copper, each pair 
of which was connected by pieces of cloth or paper impregnated with water; and this instrument, from 
its original inconvenient structure and limited strength, has gradually arrived at its present state of 
power and improvement, such as is exhibited in the Voltaic battery. In this apparatus a specimen of 
which you see before you (Plate IX. fig. h), the plates of zinc and copper are soldered together in pairs, 
each pair being placed at regular distances in earthen troughs, and the interstices being filled with fluid.  

In order to render the action of the Voltaic battery more easy to comprehend, let us at present confine 
our attention to the action of two plates only. If a plate of zinc be placed opposite to one of copper, as 
you see represented here (fig. 2.), and the space between them filled with an acid fluid, the two 
electricities will be disengaged from their opposite surfaces; the copper will give out the resinous, and 
the zinc the vitreous. These electricities, developed by the chemical action of the acid, will also be 
conveyed by it to the opposite plates, so that the vitreous will be accumulated in the plate of copper, 
and the resinous in that of zinc: or, in other words, the copper will be positively electrified, and the zinc 
negatively.  

 

 

PLATE IX 

 

 

 

EMILY. This is very similar to the common electrical machine, excepting that their friction is alone 
required to separate the two electricities of the glass plate (Plate IX. fig. 3.); for it is by its rotation that 
the resinous electricity is given out into the rubber, whilst the vitreous remains in the glass, whence it 
passes into the conductor.  

MRS. B. But you may recollect that, unless a communication be made between the rubber and the 
ground, a very limited quantity of electricity can be evolved, for the rubber has too small a capacity to 
admit of any considerable accumulation of the electric fluid.  

CAROLINE. And these two small plates of metal must have still less capacity?  

MRS. B. Very true. Therefore, if they are not in communication with other bodies to which they may 
impart their electricities, the quantity developed will be very limited. In order that it may be evolved 
freely, and without interruption, some means must be devised by which the two plates may part with 
their electricities as soon as they receive them. Can you think of any mode of accomplishing this?  
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CAROLINE. By the addition of more plates, into which the electricity may pass in proportion as it is 
developed; and it is no doubt thus that the Voltaic battery is constructed.  

MRS. B. It is true that the greater the number of plates, the greater will be the intensity of the battery; 
for the electricity is conveyed from one plate to the other, till the whole of it is accumulated in the two 
plates which terminate the battery; the positive electricity in the copper plate at one extremity and the 
negative in the zinc at the other.  

These two extremities are called the poles of the battery; the copper plate is the positive pole, and the 
zinc plate the negative pole; and each of these plates bear the whole charge of their respective 
electricities.  

But you have removed the difficulty without overcoming it, Caroline; for if these two plates have no 
means of getting rid of their charge, no further electricity can be given out, and the action of the battery 
will cease.  

EMILY. Would not two chains or wires, suspended from either plate to the ground, conduct the 
electricities into the earth, and thus answer the purpose?  

MRS. B. It would answer the purpose of carrying off the electricity, I admit: but recollect that, though it 
is necessary to find a vent for it, we must not lose it, since it is the power we are endeavouring to obtain. 
Instead, therefore, of conducting it into the ground, let us make the two wires from the two poles meet 
(Plate IX. fig. 1.): the two electricities will thus be brought together, and will combine and neutralise 
each other; and as long as this communication continues, the two plates having a vent for their 
respective electricities, the action of the battery will go on freely and uninterruptedly.  

CAROLINE. This is, indeed, a most admirable invention. How far superior to the electric5al machine, in 
which one of the electricities is conveyed into the ground and totally lost! Here, nothing is wasted.  

EMILY. And is it quite certain that the electricity of the Voltaic battery is precisely of the same nature as  

that of the conmon electrical machine?  

MRS. B. Undoubtedly; the shock given to the human body, the spark, the circumstance of the same 
substances which are conductors of the one being also conductors of the other, and of those bodies, 
such as glass and sealing-wax, which are non-conductors of the one, being also non-conductors of the 
other, are striking proofs of it. Besides, Sir H. Davy has shown, that a Leyden jar and a common electric 
battery can be charged with electricity obtained from a Voltaic battery, the effect produced being 
perfectly similar to that obtained by a common machine; and experiments have been made by Dr. 
Wollaston and other celebrated chemists, which fully demonstrate the identity of these electricities.  

CAROLINE. Then why not use the common machine for chemical decompositions?  

MRS. B. Because for such purposes its effects are Incomparably weaker. Dr. Wollaston, in using it for 
chemical decompositions, was obliged to act upon the most minute quantities of matter; and though 
the result was satisfactory in proving the similarity of its effects to those of the Voltaic battery, these 
effects were too small in extent to be practically applicable to chemical decomposition.  

CAROLINE. How terrible, then, must be the shock from a Voltaic battery?  
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MRS. B. It is by no means so formidable as you would imagine. The superiority of the Voltaic battery 
over the electrical machine consists not in its intensity, but in its continued action. In the common 
machine, no sooner are the two electricities united than the equilibrium is restored, and the action 
ceases. To produce a second charge, the friction must be repeated, and the electricities separated anew. 
In the Voltaic battery, on the contrary, the union of the two electricities, so far from destroying the 
action of the battery, increases its energy.  

EMILY. Certainly; because it makes way for the disengagement of more electricity; just as the chain 
communicating with the ground makes way for the resinous electricity to pass through the rubber, and 
thus promotes the accumulation of the vitreous in the glass plate.  

MRS. B. True; but observe that the two electricities in the battery act in a continued series of small 
successive charges, forming a constant electrical current. Therefore, though the shock, or single 
instantaneous effect, produced by the common electrical machine, is more intense, the power of the 
Voltaic battery is far superior when a continued action is required; and that is the case with chemical 
decompositions.  

CAROLINE. Would it not be possible to increase the intensity of the Voltaic battery till it should equal 
that of the common machine? 

MRS. B. It can be increased till it imitates a weak electrical machine, so as to produce a visible spark 
when accumulated in a Leyden jar.  

By increasing the number of plates of a battery, you increase its intensity^ whilst, by enlarging the 
dimensions of the plates, you augment its quantity. It was at first supposed that it was the size, rather 
than the number, of plates that was essential to the augmentation of power. It was, however, found, 
upon trial, that the quantity of electricity produced by the Voltaic battery, even when of a very 
moderate size, was sufficiently copious for chemical decomposition, and that the chief advantage in this 
apparatus consisted, as I have said, in the continuity of its action.  


