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be deficient, or his redundant; and I think, and the reader will 
most assuredly think also, that Mr. Hold red, after the bold asser¬ 
tions which he has made, is imperiously called upon to demon¬ 
strate which of the two is the case. Though Mr. Holdred’s work 
has been the result of forty years experience and consideration, 
he has not applied his rules to those cases in the extraction of 
roots where there is any real difficulty. 

Such as wish to see the rules for extracting the roots of equa¬ 
tions, derived by me from Sir Isaac Newton’s method of trans¬ 
forming equations, may consult my Analytical and Arithmetical 
Essays, where the transformation of equations, and the determi¬ 
nations of the limits of their roots, I hope are fully considered. 

VI. On the Electro-Magnetic Experiments of MM. CErsted 
and Ampere. By Mr. Hatchett. 

The use of the compass in France takes date from the year 1260. 
The principal part of this instrument, as the reader is aware, con¬ 
sists in a magnetized steel needle, of the form of a very elongated 
lozenge. This needle, moveable round a vertical axis, brings 
itself on every spot of the earth to an equilibrium in a vertical 
plane, which is named the magnetic meridian. The angle which 
this plane makes, with that of the astronomic meridian of the 
place where the observation is made, is called the declination of 
the compass. In .1580, this declination was at Paris 11° 80' to¬ 
wards the west; in 1663, nothing; and in 1819 (22d April), 
22° 19' west. If the declination of a magnetised needle changed 
neither with time nor place, or at least if the changes were made 
according to known laws, the science of navigation would possess 
an instrument of simple construction, easy to observe with, and 
precious indeed to mariners, who would find in a needle, the in¬ 
trinsic value of which is almost nothing, the only means of steer¬ 
ing their course when night and clouds veil the sky. Philosophers 
at first endeavoured, but in vain, to discover the cause of the 
phenomena which the magnetised needle presents. They, never¬ 
theless, succeeded in giving to a bar of steel that singular pro¬ 
perty of the natural magnet, of taking at each place of the earth 
a position, the diurnal or secular variations of which are perio¬ 
dical. They have studied and measured with care the magnetic 
attractions and repulsions. The labours of Coulomb, the instru¬ 
ments invented by that celebrated philosopher, and those which 
M. Lenoir, the distinguished artist of the Bureau of Longitude, 
has executed, have considerably improved the science of mag¬ 
netism. M. CErsted, Professor of the University of Copenhagen, 
has just opened a new field to the inquiries of philosophers. It is 

to 
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to him that we owe that fine observation, that a metallic wire, 
which communicates with the two extremities of' a Voltaic elec¬ 
trical apparatus, acquires the very remarkable property of acting 
at a distance on a magnetic needle. This metallic wire has been 
named the conjunctive wire. 

It was already known, that by augmenting the surfaces of the 
metallic plates which compose the electrical apparatus of Volta, 
and uniting the two wires which communicate with the extreme 
plates of that apparatus, these wires become heated, redden, and 
burn in atmospheric air. M. Thenard and myself had made that 
experiment in 1801. (See No. 11 of the Journal of the Polytech¬ 
nic School, p. 291.) The conjunctive wire, in the experiment 
of M. CErsted, will become heated, but if it is of sufficient dia¬ 
meter it will not burn ; and its action mavbe observed on a mae- 
netic needle at some distance. 

For twenty-three years the electric piles of Volta had been in 
use, and no philosopher had yet thought of bringing a magnetic 
needle near one of these piles in action. This inspiration was 
reserved to M. CErsted ; and it must be confessed, that chance 
had much less share in it than in many discoveries with which 
physical science has been enriched. 

M. Marcel de Serres translated from the German, and pub¬ 
lished in 1807,a work of the Danish Professor entitled An Inquiry 
into the Identity of Chemical and Electrical Forces. It mav be 
seen from chapter 8 of that work, that the author had been led by 
his subject to seek proofs of the identity of the magnetic and elec¬ 
tric forces*. He had proposed to try whether electricity the 

most 

* There is nothing to be found in this chapter which establishes, in any 
manner, the identity of magnetism and electricity. It is even remark¬ 
able, that when M. (Ersted had discovered the action of the conjunctive 
wire of the Voltaic pile upon the magnetic needle, he explained this new 
phenomenon by a hypothesis which supposes that the negative electricity 
acts only on the northern pole of the needle, and positive electricity on the 
southern : (see Annates de Chimie for Aug. 1320, p. 244.)—a fact, which 
would establish a total difference between the electric and magnetic fluids, 
since the magnetic fluid, whether considered as positive or negative, ought 
to act equally on both poles. To demonstrate, by experiment, the identity 
of the electric and magnetic fluids, it wTas necessary to show that that could 
explain all the phenomena which could be observed, whether in the mutual 
action of two magnets, or in the action of a conjunctive wire upon a mag¬ 
netic needle, without admitting in a magnet any other fluid than the acting 
electric fluid, as in bodies which are not susceptible of magnetism; and to 
tell how this electric fluid is disposed in the magnet. It is this which 
M. Ampere has done, by demonstrating 1st, T hat two conjunctive wires, 
of metals not magnetic, attract and repel through the intervention of the 
electric fluid alone; 2d, that a magnet may be substituted for one ol^ the 
conjunctive wires, without any change in the nature of the action taking 
place; 3d, that the second conjunctive wire may be removed for another 

Vol. 57. No. 273. Jan. 1821. F jnaSneb 
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most latent, has any action on the magnet. Now, the electricity 
in the conjunctive wire of an electrical apparatus in action, is in¬ 
deed latent, since it does not manifest itself to any electrometer ; 
and, in fact, M. CErsted performed last winter (1S19) the expe¬ 
riment which justified what he had conceived seven years before. 
The result of this experiment has been known in Paris only three 
months, and already several distinguished philosophers have de¬ 
duced from it most important consequences, both for magnetism 
and electricity. We shall give an account of these as succinctly 
as possible. 

Supposing the metallic plates which form the electrical appa¬ 
ratus with troughs, to begin with zinc and finish with copper, the 
electrical current, supposed to be in the conjunctive wire, would 
go from the first plate to the last. Now, imagine another con¬ 
junctive wire of the same apparatus, placed parallel to the first, 
and disposed in such a manner that it may transmit an electrical 
current in a direction contrary to the first, the two wires will re¬ 
pel. If the currents are in the same direction, they will attract. 
M. Ampere w'as the first to observe these attractions and repul¬ 
sions at a distance, between bodies traversed by an electric fluid 
which does not manifest any tension. 

M. Arago magnetised a slip of iron, and afterwards a steel 
wire, by putting them in contact with, or under the influence of, 
the conjunctive wire. A simple method of magnetising a steel 
needle by the conjunctive wire, consists in placing the needle in 
the part of the conjunctive wire which is twisted spirally : whe¬ 
ther the needle is placed directly upon the threads of the spiral, 
or enveloped in paper or a glass tube to prevent contact with 
the conjunctive wire,' it becomes magnetised, and its north and 
south poles, corresponding to the north and south poles of the 
terrestrial magnet, will be determined by the direction of the spiral 
which bears the needle. If the conjunctive wire be placed in a 
vertical plane, and in the direction of the electric current which 
passes from the zinc plate of the apparatus to the copper plate, 
the generating point of the spiral may turn from left to right of 

magnet, without any other change resulting in the nature of the action, ex¬ 
cept the phenomena known to result from the mutual action of two mag¬ 
nets ; and 4th, that the distribution of the electric fluid in the conjunctive 
wire, is the same as in planes perpendicular to the line which joins the two 
poles oi a magnet, following limited curves, traced in these planes around 
the axis of the magnet. 

M. Ampere thus established the identity of electric and magnetic fluids, 
while M. Arago made his fine experiment on the magnetising ot slips of iron 
by the right conjunctive wire. Since these two philosophers have further 
added the magnetising of a steel bar by a conjunctive wire twisted spirally 
round this bar; and that they have anticipated the principal circumstances 
of that magnetising, it would appear, that they cannot dispense with admit¬ 
ting the identity of the two fluids. 

the 
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the current, or from right to left; in the first case, the south pole 
of the needle, corresponding to the north pole of the terrestrial 
magnet, will be on the side of the zinc plate of the apparatus ; in 
the second case, it is the north pole of the needle which is on that 
side. 

M. Arago, following the theory of M. Ampere, conceived the 
idea of twisting a conjunctive wire in the manner of two symme¬ 
trical spirals placed one after the other ; these spirals differed 
from each other only as to the direction in which their generating 
points turned round their hollow spindles : by putting a needle in 
each spindle, the two needles became magnetised at the same 
time, so that their poles of the same name were contiguous. In 
transmitting a discharge of a Leyden phial through a copper wire 
twisted in the same manner, in the manner of two consecutive 
symmetrical spirals, M. Arago has further observed, that the steel 
needles placed on these spirals became magnetised by the electric 
fluids of ordinary machines, as well as by the Voltaic apparatus. 

Other facts have been long known, which prove the mutual in¬ 
fluence of the two fluids, magnetic and electric. The points of 
paratonnerres become naturally magnetised by the electricity of 
the atmospheric air. M. Arago, author of an article on the 
magnetic forces, which is inserted in the Annuarv of 1819, re¬ 
ports, as from an eye-witness, that a Genoese ship, on its way to 
Marseilles, was struck by the thunder at a little distance from 
Algiers ; that the needles of the compass made all a half revolu¬ 
tion, although these needles did not appear damaged, and the 
ship struck on the coast at the moment that the pilot thought he 
made the North Cape. 

Ritter had concluded [Journal de Physique, t. 5/. year 1803,) 
from some experiments, which have not been since verified, 
that the earth has electric poles, as it has magnetic meridians. 

M. Desormes and myself had attempted in 1805 to ascertain 

the direction which a horizontal electric pile would take, com¬ 
posed of 1480 thin plates of copper, tinned with zinc, of the di¬ 
ameter of a five-franc piece. We placed this pile upon a boat, 
which floated on the water of a large vat. We knew that a mag¬ 
netised steel bar, of a weight nearly equal to that of the pile, and 
placed like it upon the boat, would turn, after some oscillations, 
into the magnetic meridian. The pile, placed in the same situ¬ 
ation, did not take any determinate direction. The only satisfac¬ 
tion which this pile procured us, was the recognising of the ten¬ 
sion of the electric fluid at its extremities, without the aid of the 
condenser. (See the Correspondence of the Polytechnic School, 

tome 1. p. 151.) 
M. Ampere has confirmed, by experiment, the conclusions of 

the Memoir which lie read on the ‘25th September, 1820, to the 
F 2 Royal 
* * 
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Royal Academy of Sciences, on the mutual actions of the earth, 
the conjunctive wires of a Voltaic apparatus, and a magnetic 
needle. He presented in the following sittings three new ar¬ 
rangements of apparatus, of his invention. The first shows a 
circular conjunctive wire submitted to the action of a Voltaic ap¬ 
paratus, and which is directed by the action of the terrestrial 
globe in a vertical plane, perpendicular to the plane of the mag¬ 
netic meridian. The second apparatus consists in a circuit almost 
closed, and of a rectangular form, which turns round a horizon¬ 
tal axis perpendicular to the plane of the magnetic meridian, and 
the plane of which inclines to take, by the action of the earth, a 
direction perpendicular to that of the inclination of the needle. 
This inclination, which has not been measured with exactness 
for some years past, was at Paris on the 22d April 1819, 68° 25'. 
It is variable, like the declination, according to times and places. 
The third apparatus of M. Ampere exhibits a conjunctive wire 
twisted spirally, the extremities of which are attracted and re-? 
pelled by a magnetic bar, as those of a needle would be. 

The coexistence of the electric and magnetic actions has na¬ 
turally led to the idea, that wares submitted to the influence of 
the terrestrial globe, or of a magnetic needle, may decompose 
water, like those which communicate with the extremities of a 
Voltaic pile, 

The following is the account of Professor (Ersted’s experi¬ 
ments :— 

New Electro-Magnetic Experiments. By Prof. (Ersted. 

Subsequently to the first experiments w?hich I published on the 
magnetic action of the galvanic battery, I have extended my re¬ 
searches on the subject as much as various other avocations would 
allow me. 

The intensity of the electricity seems to have no share in the 
magnetic effects; they depend solely on its quantity. The dis¬ 
charge of a strong electric battery, sent through a metallic wire, 
produced no change in the position of the magnetic needle. The 
needle is acted upon by an interrupted succession of electric sparks 
through the medium of the ordinary electric attractions and re¬ 
pulsions, but no electro-magnetic effect was produced, as far as 
could be perceived. In like manner a galvanic pile, consisting of 
100 discs, each two inches square, and of paper moistened in 
salt water, to serve as a conductor of the fluid, exhibits no sen¬ 
sible effect upon the needle. The effect is, however, produced 
by a single galvanic arc of zinc and copper, with a liquid of pe¬ 
culiar conducting power as a conductor; for example, a liquid 
consisting of one part sulphuric acid, an equal part of nitric acid, 
and sixty parts of water. The quantity of water mav even be 

doubled, 
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doubled, without the effect being greatly diminished. When the 
surface of the two metals is small, the effect is proportionally di¬ 
minished , and vice ve?sa, it is increased in proportion as the 
surfaces are increased. A considerable effect is obtained from a 
zinc plate six inches square, immersed in a copper vessed filled 
with the liquid conductor which I have just mentioned. An ap¬ 
paratus of this description, in which the surface of the zinc plate 
is two inches square, acts upon the needle with so much force, 
that the effect is sensibly felt at the distance of three feet, and 
that too, when the needle is not very moveable. I have not met 
with any greater effects from an apparatus composed of forty si¬ 
milar troughs ; indeed, the effect appeared somewhat diminished. 
1 have not pursued the investigation of this point very minutely, 
but the observation which I have made is correct. I shall con¬ 
clude that by the slight diminution of the conducting power, 
which results from an increase in the number of the elements of 
the apparatus, a diminution in the electro-chemical effect is also 
occasioned. 

In order that the effect of a single galvanic arc may be com¬ 
pared with that of an apparatus consisting of several arcs or ele¬ 
ments, the following experiment may be made. Suppose fig. 4. 
(Plate I.) to represent a galvanic arc, consisting of a piece of 
zinc z, of copper e, of a metallic wire a b, and of a fluid conduc¬ 
tor l. The zinc invariably communicates to the water a portion 
of its positive electricity, and the copper a portion of its negative. 
In consequence of this, there would be an accumulation in the 
upper part of the zinc of negative electricity, and in the upper part 
of the copper of positive electricity, if it were not that the commu¬ 
nication a b established the equilibrium, by furnishing a free pas¬ 
sage for the negative electricity from c to z. It will be seen, 
then, that the wire a b receives the negative electricity of the zinc, 
and the positive electricity of the copper ; while a wire, which 
forms the communication of the two poles of a pile, or of another 
compound galvanic apparatus, receives the positive electricity of 
the zipc pole, and the negative of the copper pole. 

Paying proper attention to this distinction, all the experiments 
which I at first made with a compound galvanic apparatus, may 
be repeated with a single galvanic arc. The use of a single gal¬ 
vanic arc is attended with this great advantage, that it enables 
the experiments to be repeated with little expense and trouble. 
It has another advantage still more considerable, namely, that a 
galvanic arc may be formed of power sufficient for the electro¬ 
magnetic experiments, and yet light enough to be so suspended to 
a small metallic wire, as that the small apparatus may be turned 
round the prolonged axis of the wire. It is open, in this way, to 

examine 
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examine the action which a magnet exercises on the galvanic arc. 
Since no body can put another in motion, without being put in 
motion in its turn, when it possesses the requisite mobility* it is 
easy to foretel that the magnet must move the galvanic arc. 

To mark the motion given by the magnet to a simple galvanic 
apparatus, 1 employed various arrangements. One of these will 
he found represented in fig. 5, which exhibits a perpendicular 
section of it in the direction of the breadth. A trough of copper 
cccc is three inches high, four inches long, and half an inch 
broad ; dimensions, which may of course be varied at pleasure. 
It may be observed, however, that the breadth should not be 
great, and that the plates of the trough should be as thin as pos¬ 
sible. A plate of zinc z z, is kept in its position by two pieces of 
cork e e ; c f f Jf z is a brass wire, of at least a quarter of a line 
in diameter ; ah is a brass wire as fine as possible, so as to be 
able at the same time to support the weight of the apparatus ; 
c a c is a linen thread which unites the wire to the apparatus. 
The fluid conductor is contained in the trough. The conducting 
wire of this apparatus will attract the north pole of the needle 
when it is placed on the left side of the plane cffffz that is 
observed in the direction /’ z. The south pole will, on the same 
side, be repelled. But on the other side of this plane, the north 
pole will be repelled, and the south attracted. To ensure this ef¬ 
fect, the needle must not be placed above f j\ nor below^/’z or 
f c. If, instead of presenting a small moveable needle to the 
conducting wire, there is presented near one of the extremities 
f f\ one of the poles of a powerful magnet, the attraction or re¬ 
pulsion indicated by the needle, will put in motion the galvanic 
apparatus, and turn it round the prolonged axis of a h. 

Take, instead of the conducting wire, a strip of copper of the same 
breadth as the zinc plate, and the only difference from the effect 
just mentioned, will consist in its being much feebler. The effect 
is, on the other hand, increased a little, by making the conduc¬ 
tor very short. In fig. 6. will be seen a perpendicular section of 
this arrangement, in the direction of the breadth of the trough. 
In fig. 7* the same arrangement may he seen in perspective. 
The conducting plate is represented by ah c d e f\ and the zinc 
plate bv c z zf. The north pole of the needle will, in this ar¬ 
rangement, be attracted towards the plane of a b c, and the south 
will be repelled from the same plane. Contrary effects will take 
place by an apparatus edf, whose extremities act like the poles 
of a needle. It must be confessed, however, that only the faces 
of the two extremities, and not the intermediate parts, possess 
this analogy. 

A moveable galvanic apparatus may likewise be made of two 
plates. 
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phles one of copper and one of zinc, twisted into a spiral and 
upended m the liquid conductor. It is more moveable than 

others, but requires to be used with particular caution 
I have not as yet discovered a method of making a galvanic 

apparatm capable of directing itself towards the poU of t"e 
eaith. Any apparatus for this purpose must Ire much more move 
able than any I have mentioned. moie mo.e- 

KoUs> hJ M- Ampere, of the Communications which he ma le 
to the Academy of Sciences. 

Sitting of September IS, 1820. 

I reduced the phenomena observed by M. CErsted to two tre 
nera facts. I showed that the current which is in the pile, acts 
on ie magnetic needle like that of the conjunctive wire. I de¬ 
scribed the experiments by which I had established the attrac- 
lon or repulsion of the whole of a magnetic needle, by the con¬ 

junctive wire. I described the instruments which I proposed l 
construct, and among others, galvanic spirals. 1 announced that 

nets 3 Afr"°U d ,pr°Tduce>ln a11 cases> th« same effects as mag- 
nets. Afterwards I entered into some details on the manner 'in 
which I conceived the magnets to act; as only owing their pro- 
p rties to electric currents m planes perpendicular to their axis 
and upon the similar currents which I allow in the terrestrial 

pmd/e’lectrk!’ 1 8,1 th* n‘agnetic Phenomena to effects 

Sitting of the 25th of September. 

I gave a further development of this theory, and I announced 
the new fact, of the attraction and repulsion of two electric cur- 

uTa "7thout ,tl!e intermediation of any magnet; a fact which 
1 had observed in conductors twisted spirally. I repeated this 
expeiiment in the course of the sitting. 

Sitting of the 9th of October. 

1 presented to the Academy some experiments, which put in a 
'Clear light the identity of action between the conjunctive wires- 
and the close curves, which I conceived like electric currents j» 
planes perpendicular to the line which joins the two poles of a 
magnet. I showed on two rectilinear electrical currents the same 
ertects, which I had shown in the preceding sitting, on currents 
m the case of conductors twisted spirally. I read at the same 
sitting a Memoir, in which 1 gave the results of some new ex¬ 
periments on the same phenomena, and on the circumstances- 
'i,1 Produce them. I described the process, which I had since 
followed, for calculating the effects of electrical currents of a de- 

terminate’ 
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terminate length, and those of magnets ; after that I had deier- 
terminate icugui, r " n„ of exoer ment with those 
mined bv a comparison or tne lesims oi exp . 

f oulrMilation the law of the attraction and repulsion of two inn- 

plete opposition. 

Sitting of the 16th of October. 

I read a note relative to the interesting experiments of M. Arago, 
the macnetisine of steel bv means of a current, produced by a , 

Volt c Pile The object ofthis note was to show, that all he 
circumstances of that action of electric currents, were conformable 
with what I had announced on the identity of these cm rents, and 
of‘those which I admit in magnets, and may be regarded as com- 

pleting the demonstration ot it. 

Sitting of the 30th of( October. 
I announced to the Academy that, conformably to my t,m y 

of the phenomena which the electric and magnetic currents pi 
sent the action of the earth would lead in a plane perpendicular 
to the direction of the inclination of the needle, the plane of a 
moveable portion of the conductor of a Voltaic pile, so disposed 
“°Wfornbacircuit nearly closed. I described two sorts of ap- 
mratus the first of which had served me to produce the mo 
l^ent of a conjunctive wire, corresponding to the direction of tne 
needle of a compass, in the horizontal plane corresponding with 
the line of declination ; and the other, that which corresponds to 
the direction of the inclination of the needle in the plane of the 
magnetic meridian. I exhibited at the same sitting an instru¬ 
ment by which there may be turned in a horizontal plane a poi- 
tion of electric current, the conductor of winch is attached to a 
vertical pivot bv the action of another current, an action whic i 
eonductsbt into'the situation where these two currents aie pa¬ 

rallel, and in the same direction. 

Sitting of the 6th of November, 

i communicated to the Academy a fact relative to the action 
of conductors twisted in spirals ; a fact which I had observed , 
long time before I discerned the cause of it, which M. Arago hat 

mKcTobserved, and whence I deduced—* .' . . , 
1st. A very simple means of neutralising the longitudinal ef 

feet of an electric current in a conductor twisted spirally , and o 
reducing the action of it to the transversal effect, which wool, 

then be perfectly identical with that ot a magnet. ^ 
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2d. A 1 aw, which I have not verified except in regard to the 

action exercised by that sort of current, but which may be true in 
general for each of the infinitely small portions of which electrical 
currents may be supposed to consist, in order to calculate the 
effects. 

I exhibited at the same sitting an instrument, in which the 
longitudinal effect of the current, which takes place in a con¬ 
ductor twisted spirally, is neutralized by the prolongation of this 
conductor, which returns in a right line into the axis of the spi¬ 
ral, from which it is separated by the sides of a glass tube. This 
instrument, suspended on a pivot like the needle of a compass, 
possesses all the properties of it when acted upon by a magnet; 
its extremities represent exactly the poles in the situation in 
which they ought to be according to the theory. 

Sitting of the 13th November, 1S20. 

I read a note upon the electro-chemical effects of a spiral of 
iron wire, subjected to the actioff'of the earth alone. The action 
of the earth directing an electric current as well as it directs a 
magnet, as I had announced to the Academy in its previous sit¬ 
tings, I thought that this action might, like that of a magnet in 
the experiment of M. Fresnel, influence the oxidation of an iron 
wire in water. I therefore plunged under a small glass bell, in 
a weak solution of chloruret of sodium, the two extremities of an 
iron wire, which made thirty turns round a paper cylinder, the 
axis of which was nearly parallel to the variation of the inclina¬ 
tion of the needle. 

The two wires soon appeared covered with some bubbles ; they 
were much more numerous on the wire which, according to 
theory, answered to the negative pole of the pile. 

During three days which the apparatus remained in action, I 
several times made the bubbles mount to the top of the bell, so 
that no more remained on the wires. Every time new ones were 
produced on the wire which had at first produced most, and re¬ 
mained brilliant until the end of the experiment. The other wire 
did not present any more, or at least very rarely, since it was oxi¬ 
dized. The apparatus having been accidentally overturned, I was 
unable to ascertain whether the bubble in the superior part of 
the bell contained hydrogen, or a greater portion of azote than 
atmospheric air ; or if it was air such as is ordinarily mixed in 
water, and disengaged from it by the elevation of the tempera¬ 
ture of the chamber. On repeating the experiment with the same 
apparatus, I had only very feeble signs of the electro chemical ac¬ 
tion. In fact, I have still some doubts as to the existence of that 
action, which I purpose to clear up by new experiments. 

Vol.57. No. 2/3. Jan. 1821, G VII. On 


