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•  The declination of the needle makes an 
angle of about 45°; > d  < θ and > I  > θ 

•  The effect cannot be ascribed to attraction 

•  Nature of metal does not alter the effect 

•  The effect passes through glass, metals, 
wood, water, resin, etc (inc. all together); 
such transmission was never observed 

Some observations 

•  If needle above the wire, opposite direction 

•  When needle and wire in the same 
horizontal plane, inclination takes place 

•  When wire perpendicular to magnetic 
meridian, needle at rest 

•  Brass, glass gum lac needles: no effect 
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The electric conflict  
-  acts on magnetic poles 
-  is not confined within the conductor 
-  performs circles around the wire  
     (nature of circle: motions in opposite parts 
      have opposite directions)  

Some explanations 
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joined with a progressive motion, according to the length of the conductor, ought to form a conchoidal
or spiral line; but this, unless I am mistaken, contributes nothing to explain the phenomena hitherto
observed.

All the effects on the north pole3 above-mentioned are easily understood by supposing that negative elec-
tricity moves in a spiral line bent towards the right, and propels the north pole, but does not act on the
south pole. The effects on the south pole are explained in a similar manner, if we ascribe to positive elec-
tricity a contrary motion and power of acting on the south pole, but not upon the north. The agreement
of this law with nature will be better seen by a repetition of the experiment than by a long explanation.
The mode of judging of the experiments will be much facilitated if the course of the electricities in the
uniting wire be pointed out by marks or figures.

I shall merely add to the above that I have demonstrated in a book published five years ago that heat
and light consist of the conflict of the electricities. From the observations now stated, we may conclude
that a circular motion likewise occurs in these effects. This I think will contribute very much to illustrate
the phenomena to which the appellation of polarization of light has been given.

Copenhagen, July 21, 1820. John Christian Oersted.

Ørsted did not present figures to illustrate his explanation. Figure 11.2 illustrates what he may have
imagined according to his own description. In figure 11.2 (a) we have positive charges flowing along the
magnetic meridian, from the South towards the North, inside the horizontal current-carrying wire, while
the negative charges flow in the opposite sense. The North pole of the magnetized needle placed below the
wire, which originally pointed along the NS direction when there was no current in the wire, is displaced
westwards when a constant current flows in the wire. For instance, in this article he observed that:4

If the distance of the uniting wire does not exceed three-quarters of an inch from the needle, the dec-
lination of the needle makes an angle of about 45o. If the distance is increased, the angle diminishes
proportionally.

Figure 11.2 (b) presents the electric conflict flowing helically outside the wire, according to Ørsted’s
conception. According to his original interpretation, negative electricity would “propel the north pole” of
the magnetized needle.
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Figure 11.2: (a) Ørsted’s experiment. (b) His interpretation of this observation in which he supposed positive and
negative electricities describing helical paths around the wire and propelling the magnetic poles of the magnet. The
arrows indicate the directions of motion of the supposed positive and negative charges moving (a) inside and (b)
outside the wire.

It is curious to observe that the longitudinal component, parallel to the wire, of the motion of the
supposed negative charges outside the wire point in the opposite sense of the motion of the negative charges
inside the wire. The same behavior happens with the supposed motions of the positive charges inside and
outside the wire.

Ørsted initially considered that the deflection of the needle was due only to the action of the current-
carrying wire. Ampère, on the other hand, realized that this deflection was due to the joint action of the
wire and the Earth acting on the needle. Ampère was the first to show, with his astatic needle, that, by

3[Note by R. A. R. Tricker, [Oersted, 1965, p. 117]:] Oersted’s expressions are “Omnes in polum septentrionalem” and
“Effectus in polum meridionalem”. If by “a spiral line bent towards the right” he means a right-handed screw, then he must be
using septentrionalem in the same sense that boreal was used at the time, namely to indicate a south-seeking pole. The term
north pole in the translation would therefore mean a south-seeking pole—i.e. one homologous with the earth’s north pole.

4[Oersted, 1820, p. 274], [Oersted, 1965, p. 114] and [Ørsted, 1986, p. 119].

negative electricity moves in a spiral line bent 
towards the right, and propels the north pole 



Department of Science Education 

Ampère’s important modification 

5 

58 A. K. T. Assis and J. P. M. d. C. Chaib

Figure 3.2: Ampère’s astatic compass.

obtained a deflection of the needle relative to the magnetic meridian. The value of this deflection decreased
with the increase of the distance between the needle’s center and the wire. He obtained a deflection of
45o with a distance of 3/4th of an inch. Ørsted thought that this deflection was only due to the action of
the current-carrying wire. Ampère, on the other hand, believed that this deflection angle was due to the
combined influences of the Earth and current-carrying wire upon the needle. To avoid the directive influence
due to terrestrial magnetism, he repeated Ørsted’s experiment utilizing now his astatic needle. At the French
Academy’s meeting of September 18, 1820, he reported the results of his experiment as follows:10

Then, when a galvanic current is close [to an astatic needle], its directive action will be the only one
affecting the needle, and experiment shows that the needle always becomes exactly perpendicular to the
direction of the current.

Ampère was the first scientist to show that a magnetized needle becomes perpendicular to a long and
straight current-carrying wire, provided only the wire is exerting a torque upon the needle.

Ampère’s rule to determine the deviation direction of a magnetic needle is to suppose an imaginary person
along the wire, between the wire and the magnetized needle. The wire is at his back and the observer looks
at the needle. Initially we can suppose the axis of the needle being parallel to this observer. When current

10[Ampère, 1820a, p. 239] and [Ampère, a, p. 2].

By placing the [rotation] axis of the astatic needle 
parallel to the resultants of the actions of the 
[terrestrial] globe, the needle will only be able to move 
in the plane perpendicular to these resultants. In this 
way the action of the globe will be destroyed and the 
needle will remain indifferent in all its orientations. 

astatic needle  

When a galvanic current is close [to an astatic 
needle], its directive action will be the only one 
affecting the needle, and experiment shows that the 
needle always becomes exactly perpendicular to the 
direction of the current. 

Other important contributions 
•  Closed circuit: Current inside the battery 
•  Magnetic needle: universal current detector 

(galvanometer) 
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- the north pole of a magnetic needle is 
repelled by the negative electricity and 
attracted by the positive.  
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in the other figures represented as if it were material and opaque. The little arrows show the direction
of the austral magnetism.12

Figure 11.3: Ørsted’s figure representing the magnetic action of a straight current-carrying conductor.

As can be seen from this quotation, after becoming aware of Ampère’s experiment with his astatic needle,
Ørsted was convinced that when a magnetic compass is only under the influence of a long, straight current-
carrying conductor, without being influenced by terrestrial magnetism, the needle will become orientated in
equilibrium orthogonally to the wire.

11.2 Ørsted Against Ampère

Ørsted never completely accepted Ampère’s interpretations as regards the electromagnetic and electrody-
namic phenomena. He considered his own theory correct as opposed to that of Ampère. He even performed
an experiment, in 1830, with which he believed to have refuted Ampère’s theory.13 Ørsted mentioned several
times that his theory was different from that of Ampère. For instance:14

[...] and if I adopt a theory of magnetism differing from his [that is, differing from Ampère’s theory], I
shall never cease to acknowledge the great merit of his labours.

Some aspects which Ørsted criticized in Ampère’s interpretations:

1. The mathematical complication of Ampère’s theory.

2. The supposition of a direct interaction between two current-carrying conductors, without the interme-
diation of a flux of charges circulating around the wire.

3. The hypothesis of the existence of microscopic or molecular electric currents flowing inside a magnet.
Ørsted, on the other hand, always considered magnetism as being due to a distribution of real magnetic
particles distributed inside a magnet and inside the Earth.

We now present some of his quotations expressing these criticisms.

11.2.1 The Mathematical Complication of Ampère’s Theory

We first quote a paper by Ørsted in which he expressed not only that his theory opposed that of Ampère,
but also mentioned the mathematical difficulties found in Ampère’s theory:15

12That is, the direction of motion of the North pole of a magnet, due to the influence of the straight current-carrying
conductor.

13[Ørsted, 1998d].
14[Ørsted, 1998f, p. 437].
15[Ørsted, 1998d, p. 539], our emphasis in italics.

The little arrows show the direction 
of the austral magnetism. 



Department of Science Education 

Ampère’s conception of magnetism 

7 

Since the order in which two facts are 
discovered in no way affects any conclusions 
which can be drawn from their analogies, we 
could suppose that before we knew about 
the South-North orientation of a magnetic 
needle, we already knew the needle’s 
property of taking a perpendicular position to 
an electric current […] Then, for one who 
tries to explain the South-North orientation, 
would not it be the simplest idea to assume 
an electric current in the Earth? 

Ampère’s observer 
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Basic principle: Magnetism is due to currents flowing 

Details in Assis & Chaib (2015) 
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Figure 5.3: Electric currents flowing in a rectangular magnet according to Ampère’s initial conception.

5.2 Fresnel’s Contributions

As seen in Section 5.1, initially Ampère conceived macroscopic currents flowing in magnets and in the Earth.
In January 1821 he changed his conception and began to adopt the idea that magnets and also the Earth were
composed of assemblies of particles. Electric currents would be circulating perpetually round these particles.
These microscopic electric currents should flow especially around magnetized particles or molecules of iron
or steel. He attributed this conception to Augustin-Jean Fresnel (1788-1827), figure 5.4.

Figure 5.4: A.-J. Fresnel.

Fresnel began to study at the École Polytechnique in 1804, the same year in which Ampère began to
teach at this institution. They began to have close contact around 1814 when Fresnel began his interests in
optics. In order to improve his financial situation, Ampère used to rent a room is his Parisian home to some
friends. Fresnel lived there from 1822 until his early death in 1827, when he was 39 years old.6

Ampère initially accepted the corpuscular theory of light, which he also called the “system of emission”.
Fresnel, on the other hand, defended the wave theory of light. Ampère changed his mind in 1816 due to
Fresnel’s influence.7 Fresnel initially believed that the luminous waves were due to longitudinal vibrations in
the ether, in analogy with sound waves in air. Ampère suggested to Fresnel to consider luminous transverse
waves instead of longitudinal ones, in order to explain satisfactorily several phenomena, including light
polarization. Fresnel himself acknowledged that this fundamental idea of transverse vibrations orthogonal
to the direction of propagation of the luminous wave was due to Ampère.8

As regards the electrodynamic conception of magnetism, it was Fresnel who supplied a fundamental
contribution to Ampère’s thinking. Initially Ampère believed in macroscopic electric currents flowing inside
magnets and in the Earth in order to explain their magnetic properties. Fresnel suggested to him the con-
ception of microscopic currents flowing around the iron or steel particles of a magnet, instead of macroscopic
currents flowing around the axis of the magnet.9 Fresnel presented a comparison between these two electro-
dynamic conceptions of magnetism in two papers.10 The second work, dated 5 July 1821, probably reflects
his mature thinking on this subject due to his exchange of ideas with Ampère during the previous months.

6[Hofmann, 1996, pp. 135-136 and 223].
7[Rosmorduc, 1977, p. 162] and [Hofmann, 1996, pp. 216-217 and 221-222].
8[Rosmorduc, 1977, pp. 165-167] and [Hofmann, 1996, p. 222].
9[Blondel, 1982, p. 98] and [Hofmann, 1996, p. 283].

10[Fresnel, 1885a] and [Fresnel, 1885b].
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Figure 5.1: Possible representation of the supposed terrestrial electric currents according to Ampère. (a) Currents
over the surface of the Earth. (b) Concentric currents inside the Earth along its magnetic equatorial plane, with the
North pole above the paper and the South pole below the paper.

as an assembly of electric currents in planes perpendicular to its axis, their direction being such that the
austral pole of the magnet, pointing North, is to the right of these currents since it is always to the left
of a current placed outside the magnet, and which faces it in a parallel direction, or rather that these
currents establish themselves first in the magnet along the shortest closed curves, whether from left to
right, or from right to left, and the line perpendicular to the planes of these currents then becomes the
axis of the magnet and its extremities make the two poles. Thus, at each pole the electric currents of
which the magnet is composed are directed along closed concentric curves.

Figure 5.2 presents a representation of the currents for a cylindrical magnet, following Ampère’s pre-
scription. In figure 5.2 (a) Ampère’s observer is lying on his back with the currents flowing from his feet
towards his head. The North pole of this magnet is at the right of this observer. Figure 5.2 (b) presents a
cross section of this magnet, where the North pole is above the paper and the South pole is below it. Ac-
cording to Ampère’s initial conception, the electric currents should form macroscopic circles centered along
the North-South axis of the magnet.

Figure 5.2: Electric currents flowing on the surface and inside a cylindrical magnet, according to Ampère’s initial
conception of magnetism.

The fact that these supposed electric currents should flow in circles around the axis of cylindrical magnets
has been explicitly mentioned by Ampère in another portion of this paper:4

From M. Biot’s splendid experiment, currents which are in one and the same plane perpendicular to the
axis of a magnet, must be regarded as having the same intensity, since it results from the experiment
where he compared the effects produced by the action of the Earth on two similarly magnetized bars of
the same size and shape, of which one was hollow and the other solid, that the motive force is proportional
to the mass and that in consequence the causes to which it is due act with the same intensity on all
particles of one and the same cross-section perpendicular to the axis, the intensity varying from section
to section according as these sections are close to or far from the poles. When the magnet is a solid of
rotation about the line joining its two poles, all the currents of one and the same section must be circles;
[...]

Figure 5.3 presents Ampère’s initial conceptions about the macroscopic currents in a rectangular magnet.
Figure 5.3 (a) shows Ampère’s original figure.5 Figure 5.3 (b) is our redrawing of this figure.

4[Ampère, 1820f, p. 179], [Ampère, 1965a, p. 147] and [Chaib and Assis, 2009b, pp. 124-125].
5[Ampère and Babinet, 1822a, p. 32, figure 15] and [Ampère and Babinet, 1822b, p. 197, figure 15].

Earth’s Surface     Earth’s Interior 

Objections: a) No Joule effect     b) Cut the magnet, pieces are still magnets 

Solution (suggested by Fresnel): Molecular currents 
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In a last memoir, read to the Académie des Sciences in 8 and 15 January 1821, M. Ampère presented
some approximate calculations, relative to the mutual action between a [current-carrying] connecting wire
and a magnet, utilizing the formulas from which he can deduce, from the law aforementioned, all the
circumstances of this action. He finished examining a question which does not seem to him susceptible
of being exactly solved, before these calculations have been advanced and their results compared with
those of experiments, a situation for which no precise observation has already been made. This question
is to know if the closed curves, where the electric currents providing the magnetized steel the properties
characterizing it flow, are situated concentrically around the line connecting the two poles of the magnet,
or if these currents are distributed over all its mass around each one of its particles, always in planes
orthogonal to this line. Several considerations which the author has not yet developed seem to favor this
last proposal of conceiving the existence of electric currents in the magnets. However, as all phenomena
known up to now can be equally well explained with the first [hypothesis], he considered it better to leave
this question open for the time being, until new calculations and new experiments offer all the necessary
elements for a solution.

Figure 5.5 illustrates Ampère’s initial conception of molecular currents for the cylindrical magnet.

Figure 5.5: Ampère’s initial conception of molecular currents for a cylindrical magnet. (a) Directions of the molecular
currents at the surface of a cylindrical magnet NS, as seen in profile. (b) Cross section of this magnet indicating the
directions of the currents. The North pole is above the paper and the South pole below it.

According to this quotation, Ampère initially considered even molecular currents as being located in
planes orthogonal to the straight line connecting the magnetic poles of a magnet. Figure 5.5 (a) shows
a longitudinal cut of a cylindrical magnet with its North pole at the left of this figure. The small arrows
pointing upwards indicate the senses of the microscopic currents at the upper parts of the particles composing
the magnet, that is, the parts of these particles which are closer to the eyes of someone looking at this figure.
Figure 5.5 (b) shows a cross section of this magnet, with the North pole above the paper and the South pole
below it. The small circular loops represent the currents flowing around the particles of the magnet.

Between 1821 and 1822, Gaspard de la Rive (1770-1834), Albert van Beek (1787-1856) and Faraday
performed some experiments showing that the poles of a cylindrical magnet are not located exactly at
the extremities of the magnet. These experiments forced Ampère to modify his conception of microscopic
currents.21 In a letter addressed to Gaspard de la Rive, dated 12 June 1822, Ampère included figure 5.6
(a).22 It presents a longitudinal cut of a cylindrical magnet with its North pole at point A and its South
pole at point B. This figure presents the equilibrium configuration of the microscopic currents around the
particles of the magnet, due to the interaction of all microscopic currents. That is, due to the collective
interactions between the small current-carrying loops, the planes of these molecular currents should no longer
remain orthogonal to its magnetic axis.23 Figure 5.6 (b) presents the same image indicating the North and
South poles by the letters N and S, respectively.

This final conception of molecular currents presented by Ampère, with their planes inclined relative to
the axis of an uniformly magnetized bar, is accepted in its essence up to the present time.

5.4 Names Given to the Molecular Currents

As discussed in Sections 5.2 and 5.3, Fresnel suggested to Ampère the hypothesis of electric currents flowing
around the particles or molecules of a magnet. Fresnel mentioned currents around each molecule or particle

21[Blondel, 1982, pp. 98 and 123-125] and [Hofmann, 1996, pp. 282-290].
22[Ampère, 1822m, p. 257 and plate 6, figure 25], [Ampère, 1885i, p. 155] and [Blondel, 1982, p. 124].
23[Hofmann, 1996, pp. 288-289].

Cylindrical magnet 
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Depending on the direction of the current, such a spiral is greatly attracted or repelled by the pole of a
magnet which is presented with its axis perpendicular to the plane of the spiral, according as the current
of the spiral and of the pole of the magnet flow in the same or opposite directions.

Ampère’s experiment can be illustrated by figure 3.7. Ørsted had observed the directive action of the
current-carrying wire acting on the magnetic needle. Ampère, on the other hand, observed the attractive
and repulsive actions of a bar magnetic acting on a conducting wire bent in a spiral.

Figure 3.7: Attraction between a current-carrying wire bent in a spiral and a magnetized bar. The remainder of the
closed circuit connecting the extremities of the wire to the battery is not shown. The wire connecting the spiral to
the upper support is an insulator.

Ampère’s important experiment with spirals can be easily repeated with simple materials.19

3.6 Interaction between Current-Carrying Wires

3.6.1 Interaction between Spirals

Ampère then performed a new experiment which opened a whole new area of research. This time, he replaced
the magnetized bar of figure 3.7 by a second spiral. He had then two spirals in parallel vertical planes, with
their centers at the same height above the ground and with both spirals sharing the same axis. When a
constant electric current was flowing in both spirals, he observed their attractions or repulsions, depending
on the senses of the currents in both spirals, as represented in figure 3.8.20

With this experiment he was able to reproduce the attraction and repulsion between two aligned mag-
netized bars, as in figure 3.1, utilizing two parallel spirals, as in figure 3.9.

Ampère described this observation as follows:21

In replacing the magnet by another spiral with its current in the same direction, the same attractions
and repulsions occur. It is in this way that I discovered that two electric currents attract each other
when they flow in the same direction and repel each other in the other case.

This is one of the most important experiments ever performed in the history of physics. It showed
for the first time the attraction and repulsion between current-carrying wires. This experiment created a
whole new area of knowledge, namely, the interaction between electric currents. The magnetic properties
of the Earth and other magnets were not relevant here. Later on Ampère called this new branch of science
electrodynamics,22 as described in Section 1.4. The experimental origin of this new science was this interaction
between current-carrying spirals. Moreover, it was exactly this experiment which suggested to Ampère that
two parallel electric currents should attract each other when they flowed in the same sense and should repel
each other when they flowed in opposite senses. These spiral experiments were presented to the Academy of
Sciences of Paris on 25 September 1820, being published in the same year.23

19[Souza Filho et al., 2007] and [Assis et al., 2007].
20[Ampère, 1820f, figure 11], [Ampère, 1965a, figure 47, p. 153] and [Chaib and Assis, 2009b, figure 11, p. 138].
21[Ampère, 1820f, p. 208], [Ampère, 1965a, pp. 153-154] and [Chaib and Assis, 2009b, p. 138].
22[Ampère, 1822d, p. 60], [Ampère, 1822j, note on p. 200], [Ampère, 1885e, note on p. 239], [Ampère, 1822e, note on p. 237]

and [Ampère, 1885d, note on p. 192].
23[Ampère, 1820f], [Ampère, 1965a, pp. 146-154] and [Chaib and Assis, 2009b].
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Figure 3.8: Ampère’s first observation of attraction and repulsion between two current-carrying conductors. Spiral
A remains fixed in the laboratory, while spiral B is mobile in such a way that it can move towards spiral A or away
from it.

Figure 3.9: Attraction between two current-carrying spirals.

It might be thought that this important experimental discovery made by Ampère was a necessary con-
sequence of Ørsted’s experiment. However, Arago showed that this was not the case. After all, a magnet
exerts forces upon a piece of soft iron but two pieces of soft iron are without effect upon each other.24 Arago
expressed himself as follows:25

The infallible way of reducing to silence this passionate opposition, to undermine their objections, would
be to quote an example of two bodies which, separately, act on a third body but which, on the other
hand, do not exert any action on one another. A friend of Ampère [namely, Arago himself] observed that

24[Whittaker, 1973, p. 84] and [Tricker, 1965, p. 23].
25[Arago, 1854a, pp. 59-60].

64 A. K. T. Assis and J. P. M. d. C. Chaib

magnetism offers a phenomenon of this kind. He said the following to the complacent antagonists of the
great geometer: “Here we have two soft iron keys. Each one of them attracts this compass. If you do
not prove that, when presented to one another, these keys attract or repel one another, then the point
of departure of all your objections will be false.”

This counter example presented by Arago was expressed by Ampère in the following words:26

When M. Oersted discovered the action which a conductor exerts on a magnet, it really ought to have
been suspected that there could be interaction between two conductors; but this was in no way a necessary
corollary of the discovery of this famous physicist. A bar of soft iron acts on a magnetized needle, but
there is no interaction between two bars of soft iron. Inasmuch as it was only known that a conductor
deflects a magnetic needle, could it have been concluded that electric current imparts to wire the property
to be influenced by a needle in the same way as soft iron is so influenced without requiring interaction
between two conductors when they are beyond the influence of a magnetized body? Only experiments
could decide the question; I performed these in the month of September 1820, and the mutual action of
voltaic conductors was demonstrated.

3.6.2 Interaction between Two Parallel Straight Wires

On 2 October 1820, Ampère presented to the Academy of Sciences of Paris his first published work on this
subject.27 On 9 October he showed the Academy an experiment in which two long parallel and straight
wires attracted one another when the currents in both wires flowed in the same sense, repelling one another
when they flowed in opposite senses, figure 3.10 (a).

Figure 3.10: (a) Ampère’s demonstration that parallel straight wires carrying currents in the same sense attract one
another, repelling when the currents flowed in opposite senses. Conductor AB is fixed in the laboratory, while the
mobile conductor CD can turn around the horizontal axis EF , moving towards AB or away from it. The straight
segments AB and CD are initially in the same horizontal plane, with the axis EF vertically above CD. (b) Our
representation of this experiment, indicating the current senses.

Conductor AB is fixed in the laboratory, while the conductor ECDF can turn around the horizontal
axis EF , with the portion CD moving towards AB or away from it. Initially the straight segments AB and
CD are located in the same horizontal plane. When the current flows from A to B and from C to D, the
segment CD is attracted towards AB. By inverting the sense of the current in only one of these conductors,
CD is then repelled by AB. On the other hand, by reversing the sense of the current in both conductors,
the segment CD is once again attracted towards AB.

This experiment is one of the most famous demonstrations ever performed by Ampère, for several reasons.
In the first place, this was the only figure appearing in his first published paper.28 In the second place, it
shows an interaction which Ampère considered fundamental, namely, the attraction and repulsion between
rectilinear parallel current-carrying conductors. In the third place, this phenomenon is the basis of the

26[Ampère, 1826f, pp. 113-114], [Ampère, 1823c, Ampère, 1990, pp. 285-286] and [Ampère, 1965b, pp. 195-196].
27[Ampère, 1820c], [Ampère, 1965a, pp. 140-146] and [Chaib and Assis, 2007d].
28[Ampère, 1820c]. Details in Assis & Chaib (2015) 
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Figure 3.11: (a) Ampère’s helix. (b) Our reproduction of this figure indicating the current sense in this experiment.

Figure 3.12: Instrument utilized to show the interaction between two conductors having variable orientations.
Conductor SR is fixed in the laboratory, having an angular inclination which can be adjusted relative to the vertical
direction. Conductor BC is mobile around the vertical axis passing through point D in such a way that it can move
towards SR or away from it.

I asked to be constructed, for these experiments, an instrument which I showed on 17 October [1820], to
MM. Biot and Gay-Lussac, and which only differs from the apparatus represented in figure 1 [our figure
3.10] in the fact that the fixed conductor of this last instrument was replaced by a conductor connected
to a circle which turned around a horizontal axis perpendicular to the direction of the mobile conductor,
by means of a return pulley [poulie de renvoi], and graduated in such a way that we could see over the
limb the angle formed by the directions of the two currents, in the different positions which could be
done successively to the conductor carried by the graduated circle.
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Figure 3.11: (a) Ampère’s helix. (b) Our reproduction of this figure indicating the current sense in this experiment.

Figure 3.12: Instrument utilized to show the interaction between two conductors having variable orientations.
Conductor SR is fixed in the laboratory, having an angular inclination which can be adjusted relative to the vertical
direction. Conductor BC is mobile around the vertical axis passing through point D in such a way that it can move
towards SR or away from it.

I asked to be constructed, for these experiments, an instrument which I showed on 17 October [1820], to
MM. Biot and Gay-Lussac, and which only differs from the apparatus represented in figure 1 [our figure
3.10] in the fact that the fixed conductor of this last instrument was replaced by a conductor connected
to a circle which turned around a horizontal axis perpendicular to the direction of the mobile conductor,
by means of a return pulley [poulie de renvoi], and graduated in such a way that we could see over the
limb the angle formed by the directions of the two currents, in the different positions which could be
done successively to the conductor carried by the graduated circle.
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F ∝ cosγ sinα sinβ
r2

Details in Assis & Chaib (2015) 
http://www.ifi.unicamp.br/~assis/Amperes-Electrodynamics.pdf  

cosγ sinα sinβ + k cosα cosβ

•  Analogy with gravitation 1/r2 
•  Experiments on rectilinear currents 
•  Need to retrieve properties of magnets 

     k = 0 “without inconvenience” 

Force decomposition 
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Figure 2.19: Ampère’s original figure 14 of [Ampère, 1822o].

Figure 2.20: Representation of the angles α and β according to Ampère’s own specifications.

Figure 2.21: Ampère’s drawing representing the angles θ and θ′.

Figure 2.22 presents Ampère’s drawing representing the angles α and β.83 This manuscript has not yet
been published. Once more we can see that he understood these angles as having their openings to the same
side.

In conclusion, figure 2.15 presents the correct representation of Ampère’s angles α, β and γ (or θ, θ′ and
ω) according to Ampère’s own specifications. These specifications appeared in his most important works
from 1822 onwards.

83[Ampère, b, carton 11, chemise 206ter].
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Figure 2.22: Ampère’s drawing representing the angles α and β. This figure is analogous to our figure 2.15 (a).

It should be mentioned here that in Blondel and Wolff’s recent works, they also utilized this representation
of Ampère’s angles.84

84[Blondel and Wolff, d] and [Blondel and Wolff, c].



Department of Science Education 

Faraday’s rotations 

11 

120 A. K. T. Assis and J. P. M. d. C. Chaib

Figure 7.1: Faraday’s instruments showing continuous rotation of the extremity of a current-carrying wire around a
fixed magnet or the rotation of the extremity of a magnet around a fixed current-carrying wire.

Figure 7.2: Illustration of the main elements of Faraday’s instrument in which the extremity of a wire carrying a
current i rotates with angular velocity ω around a magnet NS.

7.2 Ampère’s Initial Experiments on Continuous Rotation

7.2.1 Reproduction of Faraday’s Experiments

Ampère became fascinated by Faraday’s discovery, as it presented an effect which he had not predicted.
After reproducing these experiments with the portable instrument which Faraday had sent him, Ampère

Faraday (1822) 
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Figure 7.8: With this instrument Ampère was the first scientist to obtain a continuous rotation of a magnet around
its axis, a phenomenon Faraday considered improbable to take place.

Ampère’s description of his experiment:16

According to what came before [Ampère had reproduced Faraday’s experiment of continuous rotation],
the motion of translation of the magnet takes place whenever it is only traversed by currents entering
it from one side and leaving from the other [side]; however, by making all [currents] penetrating the
magnet, or making all of them leaving from it, only a motion of rotation of the magnet around itself
will result. In order to produce this motion, a motion which I was the first to obtain, mercury is placed
on the upper cavity of the cylindrical bar cc′ (figure 8 [our figure 7.8; this cylindrical bar is magnetized,
with its North pole in the upper extremity and its South pole in the lower extremity, the magnet kept
floating vertically with the help of the counterweight P ]), and the wire Z is immersed in it [that is, the
wire Z of Ampère’s original figure, our figure 7.8, is immersed in the mercury filled upper cavity of the
magnet]. In this configuration all currents diverge from the axis of the magnet towards the copper ring
[that is, towards the copper ring HIG of Ampère’s original figure 7, our figure 7.8].

In the same paper Ampère described how he obtained the rotation around its axis of a current-carrying
wire.

Nowadays it is easy to obtain continuous rotation of a magnet around its axis. All that is necessary is a
common battery, a screw and a small powerful magnet, as in figure 7.9.

This figure should be considered in the vertical plane. When the screw made of iron or steel is placed
closed to the strong magnet, it is attracted towards it. It remains attached to the magnet and also becomes
magnetized. The screw-magnet system behaves then as Ampère’s single magnet. The screw-magnet system
is put close to the vertical battery. This system is attracted towards the metallic portion of the battery.
The battery can be suspended by the hand while the screw-magnet system will be connected to the negative
terminal of the battery through the tip of the screw. The circuit is then closed by connecting the extremity of
a copper wire to the upper positive terminal of the battery, while the free extremity of the wire is connected
through a sliding contact to the side of the magnet. A constant current i then flows through the whole
circuit. At this moment the screw-magnet system begins to rotate around the vertical axis of the battery,

16[Ampère, 1822d, pp. 70-71], [Ampère, 1822e, pp. 247-248] and [Ampère, 1885d, pp. 201-202].

Ampère (1822) 
Rotation of a magnet 

around its axis 
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joined with a progressive motion, according to the length of the conductor, ought to form a conchoidal
or spiral line; but this, unless I am mistaken, contributes nothing to explain the phenomena hitherto
observed.

All the effects on the north pole3 above-mentioned are easily understood by supposing that negative elec-
tricity moves in a spiral line bent towards the right, and propels the north pole, but does not act on the
south pole. The effects on the south pole are explained in a similar manner, if we ascribe to positive elec-
tricity a contrary motion and power of acting on the south pole, but not upon the north. The agreement
of this law with nature will be better seen by a repetition of the experiment than by a long explanation.
The mode of judging of the experiments will be much facilitated if the course of the electricities in the
uniting wire be pointed out by marks or figures.

I shall merely add to the above that I have demonstrated in a book published five years ago that heat
and light consist of the conflict of the electricities. From the observations now stated, we may conclude
that a circular motion likewise occurs in these effects. This I think will contribute very much to illustrate
the phenomena to which the appellation of polarization of light has been given.

Copenhagen, July 21, 1820. John Christian Oersted.

Ørsted did not present figures to illustrate his explanation. Figure 11.2 illustrates what he may have
imagined according to his own description. In figure 11.2 (a) we have positive charges flowing along the
magnetic meridian, from the South towards the North, inside the horizontal current-carrying wire, while
the negative charges flow in the opposite sense. The North pole of the magnetized needle placed below the
wire, which originally pointed along the NS direction when there was no current in the wire, is displaced
westwards when a constant current flows in the wire. For instance, in this article he observed that:4

If the distance of the uniting wire does not exceed three-quarters of an inch from the needle, the dec-
lination of the needle makes an angle of about 45o. If the distance is increased, the angle diminishes
proportionally.

Figure 11.2 (b) presents the electric conflict flowing helically outside the wire, according to Ørsted’s
conception. According to his original interpretation, negative electricity would “propel the north pole” of
the magnetized needle.
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Figure 11.2: (a) Ørsted’s experiment. (b) His interpretation of this observation in which he supposed positive and
negative electricities describing helical paths around the wire and propelling the magnetic poles of the magnet. The
arrows indicate the directions of motion of the supposed positive and negative charges moving (a) inside and (b)
outside the wire.

It is curious to observe that the longitudinal component, parallel to the wire, of the motion of the
supposed negative charges outside the wire point in the opposite sense of the motion of the negative charges
inside the wire. The same behavior happens with the supposed motions of the positive charges inside and
outside the wire.

Ørsted initially considered that the deflection of the needle was due only to the action of the current-
carrying wire. Ampère, on the other hand, realized that this deflection was due to the joint action of the
wire and the Earth acting on the needle. Ampère was the first to show, with his astatic needle, that, by

3[Note by R. A. R. Tricker, [Oersted, 1965, p. 117]:] Oersted’s expressions are “Omnes in polum septentrionalem” and
“Effectus in polum meridionalem”. If by “a spiral line bent towards the right” he means a right-handed screw, then he must be
using septentrionalem in the same sense that boreal was used at the time, namely to indicate a south-seeking pole. The term
north pole in the translation would therefore mean a south-seeking pole—i.e. one homologous with the earth’s north pole.

4[Oersted, 1820, p. 274], [Oersted, 1965, p. 114] and [Ørsted, 1986, p. 119].
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in the other figures represented as if it were material and opaque. The little arrows show the direction
of the austral magnetism.12

Figure 11.3: Ørsted’s figure representing the magnetic action of a straight current-carrying conductor.

As can be seen from this quotation, after becoming aware of Ampère’s experiment with his astatic needle,
Ørsted was convinced that when a magnetic compass is only under the influence of a long, straight current-
carrying conductor, without being influenced by terrestrial magnetism, the needle will become orientated in
equilibrium orthogonally to the wire.

11.2 Ørsted Against Ampère

Ørsted never completely accepted Ampère’s interpretations as regards the electromagnetic and electrody-
namic phenomena. He considered his own theory correct as opposed to that of Ampère. He even performed
an experiment, in 1830, with which he believed to have refuted Ampère’s theory.13 Ørsted mentioned several
times that his theory was different from that of Ampère. For instance:14

[...] and if I adopt a theory of magnetism differing from his [that is, differing from Ampère’s theory], I
shall never cease to acknowledge the great merit of his labours.

Some aspects which Ørsted criticized in Ampère’s interpretations:

1. The mathematical complication of Ampère’s theory.

2. The supposition of a direct interaction between two current-carrying conductors, without the interme-
diation of a flux of charges circulating around the wire.

3. The hypothesis of the existence of microscopic or molecular electric currents flowing inside a magnet.
Ørsted, on the other hand, always considered magnetism as being due to a distribution of real magnetic
particles distributed inside a magnet and inside the Earth.

We now present some of his quotations expressing these criticisms.

11.2.1 The Mathematical Complication of Ampère’s Theory

We first quote a paper by Ørsted in which he expressed not only that his theory opposed that of Ampère,
but also mentioned the mathematical difficulties found in Ampère’s theory:15

12That is, the direction of motion of the North pole of a magnet, due to the influence of the straight current-carrying
conductor.

13[Ørsted, 1998d].
14[Ørsted, 1998f, p. 437].
15[Ørsted, 1998d, p. 539], our emphasis in italics.
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these experiments based on the existence of magnetic poles, together with the forces between these poles and
the current-carrying wire. According to Faraday, these forces followed the principle of action and reaction.
However, they were not directed along the shortest distance connecting each pole with the long straight wire.
According to Faraday, these forces were orthogonal to this shortest line, being also orthogonal to the wire.
They caused the rotation of the pole around the wire, together with the opposite rotation of the wire around
the pole. These opposite forces causing a mutual rotation are represented in figure 13.1. Each one of these
forces might be reversed by reversing the direction of the current or the type of magnetic pole. By reversing
simultaneously the direction of the current and the type of magnetic pole, the forces would remain pointing
as indicated in this figure.

Figure 13.1: A long straight wire normal to the plane of the paper, with a current i coming out of the paper. The
arrows indicate the forces exerted between a North pole p of the magnetized needle and the current-carrying wire,
according to Faraday’s conceptions.

13.2 Faraday Against Ampère

As discussed in Section 7.1, Ampère abandoned most of his electrodynamic researches between January and
September 1821. Faraday’s discovery of continuous rotation made Ampère resume his researches. Ampère
recognized the importance of Faraday’s discovery as regards his own motivation. However, he emphasized
that Faraday’s conceptions used to explain these phenomena were contrary to his own interpretations. In a
letter addressed to C. J. Bredin, dated December 3, 1821, Ampère mentioned this controversy:5

When arriving here [in Paris,] metaphysics occupied my thoughts; however, after Faraday’s work, I think
only of electric currents. This memoir contains very singular electromagnetic facts, which perfectly
confirm my theory, although the author tries to fight against it by replacing it with a [theory] of his
creation.

We list here some objections Faraday presented against Ampère’s conceptions and explanations:

1. Faraday was always skeptical about the idea that an electric current is due to the motion of electric
charges.

2. Faraday doubted Ampère’s magnetic conception, according to which the magnetic properties of the
Earth and magnets were due to electric currents flowing in the Earth and in magnets.

3. According to Faraday the simplest or basic cases to be considered were the circular motion of a
magnetic pole around a current-carrying wire and the opposite circular motion of a current-carrying
wire around a magnetic pole. He believed that the attraction and repulsion between two current-
carrying wires should be considered a complex phenomenon, which might be explained in terms of
simpler configurations not involving the direct interaction between current-carrying conductors.

In his historical sketch of electromagnetism, published between 1821 and 1822, Faraday expressed his
skepticism relative to the usual conception of an electric current as being due to the flow of electric charges:6

Those who consider electricity as a fluid, or as two fluids, conceive that a current or currents of electricity
are passing through the wire during the whole time it forms the connection between the poles of an active
[voltaic] apparatus. There are many arguments in favour of the materiality of electricity, and but few

5[Launay (ed.), 1936a, pp. 576-577] and [Blondel, 1982, pp. 109-110].
6[Faraday, 1821a, p. 196] and [Blondel, 1982, p. 52].
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A similar interpretation is obtained nowadays in terms of the magnetic field produced by the current-
carrying wire, as represented in figure 16.2 (a). Figure 16.2 (b) represents the forces acting on the North
and South poles of a compass needle aligned with the wire, according to equation (15.4). Figure 16.2 (c)
represents a cross section of this configuration, indicating only the force acting on the North pole of the
magnet.
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Figure 16.2: (a) Magnetic field produced by a long and straight current-carrying wire. (b) Forces exerted by the
magnetic field on the North and South poles of a compass needle aligned with the magnet. (c) Cross section of this
configuration showing only the force acting on the North pole of the magnet.

Ampère’s interpretation of what happened in Ørsted’s experiment was completely different. Instead of
supposing the real existence of magnetic poles on the compass needle, Ampère, after Fresnel’s suggestion,
supposed there were microscopic currents flowing around the particles of the needle. The magnetic properties
of magnets would be due to these molecular currents, as represented in figure 16.3 (a) and (b). The magnitude
of each one of these molecular currents was represented by i′. These molecular currents would cancel one
another inside the magnet, as they would be flowing in opposite directions in each internal point, there
remaining only an effective electric current i′ on the surface of the magnet, figure 16.3 (c).

N

S

i’

i’

i’

i’

i’

i’

(a) (b) (c)

Figure 16.3: (a) Cylindrical magnet. (b) Ampère’s molecular currents of intensity i′. (c) Effective electric currents
flowing on the surface of the magnet due to the cancellation of the microscopic currents in any internal point of the
magnet.

The torque exerted by a long straight wire carrying a constant current i acting on the magnet would be
due to forces acting between each current element ids of the wire interacting with each current element i′ds′

of the microscopic currents of the magnet. Figure 16.4 presents a simplified view indicating the essence of
Ampère’s interpretation of Ørsted’s experiment. In configuration (a) we have a long straight wire carrying
a constant current i and a cylindrical magnet NS which is initially aligned with the wire. Figure 16.4 (b)
presents a simplified view of Ampère’s conception of a magnet, as indicated in figure 16.3. The cylindrical
NS magnet has been replaced by only three circular current loops flowing on the surface of the magnet,
each one with the same intensity i′ of a microscopic current. Figure 16.4 (b) also indicates the net forces
F and −F exerted by the straight wire and acting on the surface currents of the magnet. These forces are
parallel to the straight wire carrying a current i. Figure 16.4 (c) presents a cross section of this situation
indicating only the current i of the wire leaving the plane of the paper and a single circular current loop i′

in the plane of the paper representing the upper current i′ flowing through the surface of the magnet. The
force F acting on the left side of the circular loop leaves the paper, while the force −F acting on the right
side of the circular loop penetrates the paper. These opposite forces exert a torque on the magnet.
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Figure 16.4: (a) Cylindrical magnet NS which is initially parallel to a long straight wire carrying a constant current
i. (b) According to Ampère, the magnet would be equivalent to a series of current loops of intensity i′ flowing through
its surface. The forces F and −F exerted by the wire on the current loops of the magnet are parallel to the wire. (c)
Cross section view of this configuration showing a single current loop flowing through the surface of the magnet and
the opposite forces F and −F exerted on its left and right sides.

There are then two opposite interpretations of Ørsted’s experiment. The one based on the existence of
magnetic poles requires the existence of opposite gyratory forces acting tangentially like circles around the
straight wire, as represented in figures 16.1 and 16.2. Ampère’s explanation, on the other hand, is based only
on the interaction between current elements and leads to opposite forces parallel to the wire, as represented
in figure 16.4. In both cases the same torque is predicted acting on the compass needle, forcing it to point
orthogonally to the wire. However, the mechanism responsible for these forces is completely different. These
two opposing paradigms are discussed at length in this book.

16.1 Ampère Against Ørsted

As seen in Sections 1.3 and 3.1, Ampère’s interpretation of Ørsted’s experiment was totally different from
Ørsted’s own conception discussed in Section 11.1.

Ørsted was against Ampère’s conception. Likewise, Ampère rejected Ørsted’s interpretation. His main
criticisms as regards Ørsted’s theory were as follows:

1. Ampère did not believe in the existence of magnetic poles. He interpreted all magnetic and electro-
magnetic phenomena based on the interaction between electric currents, as will be discussed in Section
19.1.

2. Ampère was against Ørsted’s idea of a vortex of electric charges flowing around a current-carrying
wire, as discussed in Section 20.1.

3. Ampère pointed out that Ørsted’s conception did not establish the identity between a magnetic fluid
and a galvanic fluid, as discussed in Section 19.2.

4. Ampère identified two problems in Ørsted’s idea about the existence of magnetic poles and in the
supposed interaction of a magnetic pole with an electric charge. Ørsted had assumed this interaction
in his own interpretation of his experiment, according to which electric charges flowing around the wire
would propel the magnetic poles of the magnet. The two problems pointed out by Ampère were: (a)
The interaction between distinct magnitudes, that is, the interaction of a magnetic pole with an electric
charge. (b) Ørsted’s conception did not lead to a real unification of the electromagnetic phenomena.
In order to overcome these problems, Ampère proposed the interaction between current elements and
the hypothesis of electric currents flowing in magnets and in the Earth, as discussed in Section 19.3.

5. According to Ampère’s point of view, Ørsted never succeeded in explaining convincingly the interaction
between two current-carrying wires, a phenomenon first observed and explained by Ampère. This topic
is discussed in Subsection 21.1.2.
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Interpreting Ørsted experiment 
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That these facts may be more easily retained, we may use this formula—the pole above which the negative
electricity enters is turned to the west; under which, to the east.

This experiment is illustrated in figure 1.3.
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Figure 1.3: Representation of Ørsted’s experiment with the horizontal wire above the magnetic needle. In (a) and
(b) the needle points along the magnetic meridian while there is no electric current in the wire. In (c) there is a
constant current flowing from the South towards the North. The needle is deviated from the magnetic meridian, with
its North pole going westward.

When the horizontal wire is located below the needle, the opposite phenomenon takes place. In this case
the North pole of the needle goes eastward, as represented in figure 1.4.
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Figure 1.4: Representation of Ørsted’s experiment with the horizontal wire below the magnetic needle. In (a) and
(b) the needle points along the magnetic meridian while there is no electric current in the wire. In (c) there is a
constant current flowing from the South towards the North. The needle is deviated from the magnetic meridian, with
its North pole going eastward.

Ørsted did not publish his work in any scientific journal. He wrote it in Latin, with four pages, sending it
as a brochure to several scientists on 21 July 1820. It caused a sensation, being translated and published in
several scientific journals. Arago (1786-1853) described Ørsted’s work to the Academy of Sciences in Paris
on 4 September 1820. Due to the generalized disbelief, he repeated this experiment to the members of the
Academy on 11 September 1820.

One of the reasons for this incredulity was due to the fact that Ørsted’s experiment seemed to go against
the ideas of symmetry of that time. Consider the situation of figure 1.3 (a) and (b) when there is no current
in the wire. The horizontal wire and the magnetic needle define a vertical plane. There is nothing which
seems to privilege one side of this vertical plane relative to the other side. However, Ørsted’s experiment
indicated that, when there was a constant electric current flowing in the wire, from the South towards the
North, the North pole of the needle remained inclined westward relative to the vertical plane. That is, in
the new equilibrium configuration of the needle its North pole pointed between the Earth’s North and West
directions. The angle of deviation of the axis of the needle relative to the magnetic meridian was shown
to depend on the power of the battery and on the distance between the straight wire and the center of the
needle. When this distance was 3/4 of an inch, Ørsted observed a deviation of 45o. There seemed to be a
symmetry breaking in this experiment. It would be more natural to expect that the North pole of the needle
were attracted or repelled by the current-carrying wire, remaining in the vertical plane. This deviation of
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Ørsted   vs.  Ampère 

•  There are no magnetic poles; 
•  There is no vortex of electric charges 

around a current-carrying wire; 
•  There cannot be interaction between 

distinct magnitudes (magnetic pole 
with an electric charge); 

•  Ørsted gives no explanation for the 
interaction between two current-
carrying wires 

Details in Assis & Chaib (2015) 

•  Magnetism is due to a distri-
bution of magnetic particles 
inside a magnet or the Earth 

•  Ampère’s theory is based on 
complicated mathematics 

•  There is no a direct interaction 
between two current-carrying 
wires, without the intermediation 
of a flux of charges circulating 
around the wire 
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Faraday     vs.  Ampère 

•  There are no real magnetic poles; 
•  We should always fight against 

rotational actions (central force); 
•  There cannot be interaction between 

distinct magnitudes (magnetic pole 
with an electric charge); 

•  I showed the rotation of a magnet 
around its own axis of symmetry 
(something you thought was not 
possible); 

•  And your own explanation to this 
phenomenon violates Newton’s 3rd 
law 

Details in Assis & Chaib (2015) 

•  I am skeptical about the idea that 
an electric current is due to the 
motion of electric charges; 

•  Magnetic properties are not due to 
electric currents flowing in the 
Earth or in magnets; 

•  The simplest cases are circular 
motions of a magnetic pole around 
a current carrying wire and vice-
versa. One should exp la in 
interactions between current-
carrying wires on this basis; 



Department of Science Education 

Appraisal: Ampère is the ”Newton of Electricity” 
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Of these different assumptions that of Ampère is undoubtedly 
the best, since it is the only one which makes the forces on 
the two elements not only equal and opposite but in the 
straight line which joins them. 
[…] 
The experimental investigation by which Ampère established 
the law of the mechanical action between electric currents is 
one of the most brilliant achievements in science. The whole, 
theory and experiment, seems as if it had leaped, full grown 
and full armed, from the brain of the “Newton of Electricity”. It 
is perfect in form, and unassailable in accuracy, and it is 
summed up in a formula from which all the phenomena may 
be deduced, and which must always remain the cardinal 
formula of electro-dynamics. (Maxwell, 1873) 
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Questions for discussion (Ørsted) 

17 

- Why isn’t there a single diagram of the setup? Is this normal or 
is Ørsted being unprofessional? 
 
- What does he mean by “vexelkamp” (electric conflict)? And 
has this “vexelkamp” anything to do with the later notion that 
Maxwell had of the two interacting fields that can generate 
disturbances in each other? 
 
- Are there any historical accounts of electromagnetics effects of 
this kind or was Ørsted’s experiment truly the first? 
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Questions for discussion (Ørsted) 
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- Ørsted only mentions the strength of the field and the 
connection to the radius as ”men forøges frastanden, så 
formindskes afvigelsesvinklen i samme forhold, som 
afstandende vokse”. When is this transformed into an actual 
1/r2 relationship? 
 
- Did Ørsted’s experiments actually help in getting to know 
more about the polarization of light or was this first later?  
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Questions for discussion (Ampère) 
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- What does he mean by “electrodynamical action” and how 
does he define it? Does he mean some kind of inertial 
motion? 
 
- Is he motivated by theory or experiment in this derivation? 
 
- What is his notion of the “voltaic current” does he imagine it 
as a flow of charges or it as a flow of something else?  
 
- What is known today as Ampère’s law? How faithful it is to 
Ampère’s work? 
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Faraday’s discovery of induction 
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Faraday‘s diary (1822) 
Convert magnetism into electricity 

3. [...] Then connected the ends of one of the 
pieces on A side with battery; immediately a 
sensible effect on needle. It oscillated and settled 
at last in original position. On breaking 
connection of A side with Battery again a 
disturbance of the needle. 

 AUG. 29TH, 1831. 367 

1. Expts. on the production of Electricity from Magnetism, etc. etc. 
2. Have had an iron ring made (soft iron), iron round and 7/8  
inches thick and ring 6 inches in external diameter. Wound many  
coils of copper wire round one half, the coils being separated by  
twine and calico—there were 3 lengths of wire each about 24 feet  
long and they could be connected as one length or used as separate  
lengths. By trial with a trough each was insulated from the other.  
Will call this side of the ring A. On the other side but separated  
by an interval was wound wire in two pieces together amounting  
to about 60 feet in length, the direction being as with the former  
coils; this side call B. 
3. Charged a battery of 10 pr. plates 4 inches square. Made  
the coil on B side one coil and connected its extremities by a  
copper wire passing to a distance and just over a magnetic needle  
(3 feet from iron ring). Then connected the ends of one of the pieces  
on A side with battery; immediately a sensible effect on needle.  
It oscillated and settled at last in original position. On breaking  
connection of A side with Battery again a disturbance of the  
needle. 
4. Made all the wires on A side one coil and sent current from  
battery through the whole. Effect on needle much stronger than  
before. 
5. The effect on the needle then but a very small part of that  
which the wire communicating directly with the battery could  
produce. 
6. Changed the simple wire from B side for one carrying a flat  
helix and put the helix in the plane of the Mag. Meridian to the  
west of the S pole of the needle, so as to shew best its influence  
when a current passed through it—the helix and needle were about  
3 feet from the iron ring and the ring about a foot from the battery. 
7. When all was ready, the moment the battery was communicated  
with both ends of wire at A side, the helix strongly attracted the  
needle; after a few vibrations it came to a state of rest in its original  
and natural position; and then on breaking the battery connection  
the needle was as strongly repelled, and after a few oscillations came  
to rest in the same place as before. 

Complete Diary Available at:  www.FaradaysDiary.com
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4. Made all the wires on A side one coil and sent 
current from battery through the whole. Effect on 
needle much stronger than before. 
 
5. The effect on the needle then but a very small 
part of that which the wire communicating directly 
with the battery could produce. 
 
8. Hence effect evident but transient; but its 
recurrence on breaking the connection shows an 
equilibrium somewhere that must be capable of 
being rendered more distinct (electro-tonic state). 
 

Induction ring 

 AUG. 29TH, 1831. 367 

1. Expts. on the production of Electricity from Magnetism, etc. etc. 
2. Have had an iron ring made (soft iron), iron round and 7/8  
inches thick and ring 6 inches in external diameter. Wound many  
coils of copper wire round one half, the coils being separated by  
twine and calico—there were 3 lengths of wire each about 24 feet  
long and they could be connected as one length or used as separate  
lengths. By trial with a trough each was insulated from the other.  
Will call this side of the ring A. On the other side but separated  
by an interval was wound wire in two pieces together amounting  
to about 60 feet in length, the direction being as with the former  
coils; this side call B. 
3. Charged a battery of 10 pr. plates 4 inches square. Made  
the coil on B side one coil and connected its extremities by a  
copper wire passing to a distance and just over a magnetic needle  
(3 feet from iron ring). Then connected the ends of one of the pieces  
on A side with battery; immediately a sensible effect on needle.  
It oscillated and settled at last in original position. On breaking  
connection of A side with Battery again a disturbance of the  
needle. 
4. Made all the wires on A side one coil and sent current from  
battery through the whole. Effect on needle much stronger than  
before. 
5. The effect on the needle then but a very small part of that  
which the wire communicating directly with the battery could  
produce. 
6. Changed the simple wire from B side for one carrying a flat  
helix and put the helix in the plane of the Mag. Meridian to the  
west of the S pole of the needle, so as to shew best its influence  
when a current passed through it—the helix and needle were about  
3 feet from the iron ring and the ring about a foot from the battery. 
7. When all was ready, the moment the battery was communicated  
with both ends of wire at A side, the helix strongly attracted the  
needle; after a few vibrations it came to a state of rest in its original  
and natural position; and then on breaking the battery connection  
the needle was as strongly repelled, and after a few oscillations came  
to rest in the same place as before. 

Complete Diary Available at:  www.FaradaysDiary.com
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29.8.1831 
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Faraday‘s diary (1822) 
Convert magnetism into electricity 

376 OCTR. 17, 1831. 

needle moved—then pulled out and again the needle moved but  
in the opposite direction. This effect was repeated every time the  
magnet was put in or out and therefore a wave of Electricity was  
so produced from mere approximation of a magnet and not from  
its formation in situ. 
58. The needle did not remain deflected but returned to its place  
each time. The order of motions were inverse as in former expts.  
—the motions were in the direction consistent with former expts.,  
i.e. the indicating needle tended to become parallel with the  
exciting magnet, being on the same side of the wire and poles of  
the same name in the same direction. 
59. When the 8 helices were made one long helix the effect was  
not so strong on the galvanometer as before, probably not half  
so strong. So that it is best in pieces and combined at the end. 
60. When only one of the 8 helices was used it was least powerfull  
—hardly sensible. 
61. Made a sort of jacket of tin foil round a paper cylinder so  
that, being separated at the edges by paper, the galvanometer wires  
could be attached to. Then pushed magnet in and out but could  
perceive nothing at galvanometer. Could hardly indeed expect it,  
because as magnet introduced there was the part in advance  
ready to carry the current back. Now in coil, the part in advance  
could not do so. But jacket may be effectual with iron in its  
place made a magnet at once, either by contact of bars or by helix  
round it. 

OCTR. 18, 1831. 

62. Again charged battery of 12 troughs, 10 pr. each 4 inches  
square. 
63. Re-experimented with block and coils M (      ) connected  
as before with the Galvanometer. When battery was connected  
with one wire the other very feeble affected galvanometer. When  
contact was broken the galvanometer was affected the other  
way—the effect was very small, but it did not depend upon elec- 
tricity of tension diffused from battery, as was evident from the  
direction of the disturbance. 
64. Then concluding that there might be a powerful wave though  
too sudden to move Galvanometer needle and more like a com- 

Complete Diary Available at:  www.FaradaysDiary.com
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Moving a magnet  
through a coil 

57. The 8 ends of the helices at one end of the 
cylinder were cleaned and fastened together 
as a bundle. These compound ends were then 
connected with the Galvanometer by long 
copper wires then a cylindrical bar magnet 3/4 
inch in diameter and 81⁄2 inches in length had 
one end just inserted into the end of the helix 
cylinder—then it was quickly thrust in the 
whole length and the galvanometer needle 
moved—then pulled out and again the needle 
moved but in the opposite direction. This effect 
was repeated every time the magnet was put 
in or out and therefore a wave of Electricity 
was so produced from mere approximation of 
a magnet and not from its formation in situ. 

17.10.1831 

Faraday’s discovery of induction 



Magnetic lines of force 
IMAGInation: Continuous curved patterns   

- Place a bar magnet beneath a sheet of paper 
 
 
- Spread iron fillings   
 
 
- Continuous curves from pole to pole  

1st series (1831) 

 11 NOVR. 1851. 3 

11666. Wanted to know how the lines of force were disposed  
in and about magnets and Iron generally under certain circum- 
stances of position, and for this purpose used fine iron filings upon  
paper over the magnets, sprinkling them evenly and tapping the  
paper lightly. 
11667*. First a simple magnet, being a large needle of about this¹  
size, well magnetized by a horseshoe magnet of power. It gave  
beautiful curves having perfectly simplicity of form, but is to be  
remarked that N or S lines issued not from the ends of the needle  
but far down towards the middle. In order to distinguish the  
ends of the lines, we may call those at N, N issues or ends or nodes;  
and the middle part c the equatorial center or ventrum. 
11668. When the needle was broken into two parts, each part  
by itself acted well as above (11667). When it was put together  
again, it was no more as one magnet but thus†; there being four  
consecutive poles and consequently two equatorial ventrums, or  
rather three, but the middle one at the junction very short and  
compressed and the direction of the curves outside of the magnet  
the contrary of that of the parts outside to the right and left. 
11669. Now indeed it appears that certain of those curves which  
before were entirely within the body of the magnet are expelled  
into the air, because of the sudden diminution of conducting con- 
dition at that spot by rupture and want of continuity, and that  
of those which thus come out through the sides of the magnet,  
part returns and is discharged at the nearest pole and part goes on  
and dips into the further half. So that the bundle of lines of force  
are divided generally thus‡ into three parts—a part which goes  
down the middle of the magnet, right across from one to the  

¹ Reduced to 3/4 scale. 

Complete Diary Available at:  www.FaradaysDiary.com
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Diary (1851) 

29th series (1852) 

22 
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When the bend of the wires was formed into a loop and 
carried from a to b, the galvanometer needle was 
deflected two degrees or more. The vibration of the 
needle was slow, and it was easy to reiterate this action 
five or six times, breaking and making contact with the 
galvanometer at right intervals, so as to combine the 
effect of induced currents; and then a deflection of 10° 
or 15° could be readily obtained. 

Moving wire 
28th series (1852) 

Magnetic lines of force 

23 

•  Deflection is proportional to number of times, i.e. “number of lines 
of force that cut the loop” (Counting principle) 

•  The “moving wire” undergoes a profound transformation: from a 
phenomenon to a [reasoning?] instrument to interpret other 
phenomena (Fisher, 2001)   



Revolving rectangles 
29th series (1852) 
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Loop in a small magnet Loop in “lines of terrestrial force” 



Now 144 square inches is to 128 square inches 
as 2,61° is to 2,32° proving that the electric 
current induced is directly as the lines of 
magnetic force intersected by the moving wire 
[...] no alterations are caused by changing the 
velocity of motion, provided the amount of lines 
of force intersected remains the same. […] 
“thrice as advantageous to intersect the lines 
within nine square feet once, as to intersect 
those of one square foot three times”  

Revolving rectangles 
29th series (1852) 
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On the physical character of the lines of magnetic force (Faraday, 
1852, Philosophical Magazine) 
 Reading for Module 8 
•  On Faraday’s Lines of Force (Maxwell 1855) 
•  On Physical Lines of Force (Maxwell 1862) 
•  A Treatise on Electricity and Magnetism (Maxwell 1873) 
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- Why does Faraday assume that he is looking to an 
equilibrium somewhere as the needle turns the other way 
when breaking the connection? 
- How was his new concept of curved “lines of force” received 
in the community at the time? 
- What did his Galvanometer look like and how was it build? 
Did the needle of the galvanometer swing freely like a 
pendulum or did it swing and stayed at the maximum value? 
- What is known today as Faraday’s law? How faithful it is to 
Faraday´s work? 
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