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OERSTED

'THE BEGINNINGS OF ELECTROMAGNETISM

(Blue wook pp. 82-87)

Additional Notes and Amendments

Historical

A length of wire, an electric current, and a commonplade
magnetic compass: all, that tlersted required to make his momen-
tous discovery! Why then was there a lapse of twenty years
between Volta's invention of the pile (1800) and the discovery
of the magnetic influence of the galvanic current (1820)?
Certainly not lack of technical resources, which had been
available for many years. Voltaic piles poWerful enough to fuee
and decompose sizeable quantities of alkali halides into the
constituents sodium, potassium, chlorine and bromine; to excite
brilliant electric arcs; to raise strips of platinum to white
heat had been used in elaborate electrical experiments years be-
fore the disbovery of the simple magnetic effects Nor was the
receiVed knowledge" of the time hoseile to the notion'of some

intimate connection between electricity and magnetism. On the
contrary, it was very much in the spirit of the day to seek
connections between the different "forces" of Nature; and elec-
tricity with its known diversity of mechanical, chemical, physio-
logical, thermai and visual effects had amply demonstrated that
this faith in the interconnectedness of all. Nature was no; mis-
placed. Nor indeed was there any lack of attempts.to discover,
nor of clnims - some going back long before Volta, others more
recent - to have observed or to have discovered by deliberate
experiment some actual relationship between the two phenomena.
But none - until Oersted's demoustratLon - were given mUch cre-
dence, or were even capable of reproduction. But with Oersted's
discovery, recognition was instantaneous; within :days his obser-
vations were reproduced in all the scientific cenCe.rs in Europe,
and within weeks they were rapidly extended. Whatever had delay-
ed the discovery, by 1820 the time was ripe:

One cannot explain this twenty-year lapse; but to appreciate
the manner and the significance of Oersted's discovery, one cart
examine both the influence of the scientific climate of the time
and also the more particular ingredients of Oersted's success,and
the failure of the others before him. Unless we do this, Oersted's
experimenth are likely to appear trivial; and any reproduction
of them not only trivial, but wholly misrepresentative of Oersted's
accomplishment.
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Electricity and magnetism had been clearly distinguish-
ed and separated back in I600-by William Gilbert, At the time
this was a major step forward, and thenc4-forth the two "sciences"
independently developed - for some two centuries. By the latte'r
part of the 18th century, largely under the powerful and all-
pervasive influence of Newtonian principles, formal analogies
between the two phenomena - the inverse-square law applied, or
was made to apply to both - began to evoke serious reconsidera-
tion of possible physical connections between them: i.e. between
magnetism, natural or artificial, and the ordinary electricity
of charges and electroscopes, and of sparks and shocks. Fran?
Aepinus (1724-1802) based his! importpnt theory (1759) of elec-
trical forces and matter on the analogy between the processes
of electrification and magnetiTation; Charles Coulomb's cele-
brated experiments (1785-88) on electricity immediately followed
his investigations of a similar character with magnetism. The
full title of the pri7e cotvetition set by the Electoral Academy
'of Bavaria:

"Is there a 1.1eal and Physical Analogy between Electric
and Magnetic Forces; and if such .exist, in what Manner
do'these Forces Act upon the Animal Body?"

is quite expressive of the state of knowledge - and ignorance -
of the time, One of the pri-es went to Jan llondrick van Swinden
(1746-1823), professor of Natural Philosophy and Mathemdtics
at Amsterdam. From his wide knowledge of, and contriUutions to
both fields -*especially terrestrial magnetism -he concluded that
the analogy was apparent, rather tham real, in the physical sense;
but others who competed for the privo. expressed the contrary
beliet,-that souclose (!) a formal 'anaftt;y indicated a single
underlying physical agent.

On the whole circumspection prevailOd - at least on the
part of the more experiencd and disting-elhed natural phi lost-
ophers aud their skepticism was increased ra,thex than diminished
by the reports and claims of observed connections between elec-
tricity and mcwnetism. The most authentic were, perhaps, the reports
such as those of lenjamin 1.ranklin of lightning disturbing compass
needles; and the electrical dischare of .the Leyden lar magnetisim;
an iron wire. but Franklin himselt leaned tow;Ird the view that
these wore secondary effects (such as heating); and the influence
of his views Jas quite poverful, I;tit one of his most active
followers - vather Giovanni Baptista becearia (1..716-1781Y,q prOfe-
sor at Turin, and one espet-iaily active in the study of at.i:losphPri:-

electricity, wiw suliciuntly convinr(.d of a direct connection,



to propose that the "sign" of the electricity ip the thunder-
cloud could be ascertained from the magnetic polarity acquired
by an'iron body struck by its lightning discharge! Similar
claims-were wade in respect to electrical discharges prodticed
by giant electrical machines..

Refinements in the construction of magnetic tompass'needles
had led,.by the late eighteenth century, to an instrument of
considerable sensitivity, and with it the temptation tb use, or
misuse,.its delicacy to detect some elusive "force", Thomas
Milner, in 1783, reports the deflection of the compass needle
by ordinary electricity; Coulomb was troubled by what he be-
lieved to be electrification in his magnetic measurements. But

an interaction between compass needle and eledtricity cannot be
equated to one between electricity, and magnetism - as Gilbert
so clearly ihowed with his'versoriudin 1600. But this lesson,
like others which Gilbert expounded, Toitre apt to be forgotten
in the succeeding centuries:

All in all, the attempts to relate "ordinary electricity"
4 with magnetism were not taken too seriously and had little in-'
fluence: either the circumStances were too complex and ephemeral
to be properly assessed, or the results too uncertain to generate
systematic hnd fruitful inquiry. In,the absence of compelling
evidence, skepticism continued to prevail. .

To us, it would seem that the advent of the pile and the

new style of electrical experimentation with continuous currents,
must have completely changed the whole complexion of the problem.
It did, but not at once; and manifestly the changed circumstances

were not recogni7ed. Not the least reason for this was that the
pile, qua pile - a generato of current (galvanic electricity)
with a substantial tension (h potential-difference of 50, 10D or

more volts) was neither esseitial nor really suitable for driving
a substantial current througt a metallic wire. But the pfle was

the symbol - par-excellence of the new electricity, and the
problem was to find the conn ction between electricity and magni-

tism. (Not until after Oerstedwas the issue formjlated as a
connection between electric cArrent and magnetism!) low perfect-
ly natural, if one is to expe-iment with electricity, to ensure
that its presence is demonstrible and unambiguous. Electricity

means electroscopes and shock. - the multi-element pile produces

just these. So we see in one of the earliest (1802), and most
frequently championed, claimslto have observed electric-magnetic
interactions - that of Gian MInenico Romagnosi (1761-1835) / a

\

professor of Law at the Univetsitv of Parma! - it is already the

familiar pile z.1 la Volta
,
:hat lis used. Numerous discs,lots of

)
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1411% electricity =Ina, alas! negligible current: discs, at most a
few inches in diameter could certainly not deliver anything like
the current (something on the order of one ampere at least!)needed to
give noticeable deflections of the compass needle. In fact
Romagnosi did not seem to
have used a deliberately
closed circuit at all!
Why should he have done
so? Connecting the poles
of the pilewith a metal-
lic conductor would have
removed the very indications
thi4 electricity was pre.
sent ("discharged the pile") --
and renderqd success highly
implausible! If Romagnosi
did observe some deflection
if might have been electro-
static. in orizin - it cer-
tainly could not have been
Magnetic.

The natural appeal of
the pile - one of a hun-
dred cups - 1Iktwi.se featur-
ed in the experiments of one Cuiseppe Mojon - a tearned chemist
of Genoa - who Sieems to have emulated with galvanic electricity
Franklin's experiments on the magneti73t:on of needles by discharge
of Leyden jars. Several stages further removed from reality were
the claims inspired by the unrestrained imagination and enthusi-
asm of young Bavarian Johann Wilhelm Ritter (1776-1810), the dis-
coverer of the secondary voLtaic pile (the forerunner of the
storage battery). .Ritter's pile consisted of a series of metal
discs, all of the same metal, with the usual moist pads interposed
between each disc and the successive one. The eXtremities of this
pile were connected to the terminals of a convential voltaic pile,
so that a current.flowed for some time. When the "charging" pile
is removed, the new R4tter-pile is found to b-e electrified: it

could give sparks, shocks and decompose water. So much was real.
But Ritter did not stop here. Observing, correctly, that his met-
allic discs had become "galvanived", he was 'tired by.t-he mystioue
of polarity to a comparison between them and magneti7ed iron."'By
"galvani?ine a gold needle, ,pivoted like a compass or dip-needle,
he found that it would assume a definite orientation or inclina-
tion, and it was the positive pole that dipped. The extern:ion
from the secondary to !he priory pile (VoAta's "contact-electricity")

: :

Romagnos ' s experiment : Con tac tie,/
between one "pole"of the pile at
the compass needle resulted in
deflection of the latter.(After. Fahi)(1)



was for Ritter-an libvious next step: he announced "..;that a
needle composed of silver and zinc arranged itself in the mag-
netic meridian and was slightly attracted and repelled-by the
poles of a magnet"(2).

A more sober attempt to pursue the "pole" analogy was Made

in 1805 in Paris by the experienced Jean'N P. Hachette (1769-
18744) and Charles B. asormes (1777-1862). They placed a pile,
cOMposed of no less than 1480 elements, in a boat floating on
water: unlike a magnetized box, it assumed no definite orientation.
Needless, to say, the poles of the pile were not connected, so as
not to destroy the electricity:(3)

Of course there were others - mainly chemists, notably Davy
and Ber-ellus - who were using massive piles to drive large .

currents through closed circuits. They were preoccupied with
the whole new world of electricity and chemistry; magnetism was
far removed from their immediate concern. In any case theirs
was hardly-the situation in which to examine the dubious relation-
ship between the two phenomena; their electricity was hardly mani-
fest at all "electrically"; and the lively presence cf cheMical
activity, as well as much heat and light, might well confuse the
gituation. Indirect, secondary magnetic effects of electricity
would beno novelty, and these were hardly the direct Fink which was
sought.

n sum then, in the search for the link between electricity
and magnetism on when the electricity was "galvanic" - the

. very circumstances at seemed to ensure that the electr1c agent
was present and manifest (a substantial electric' tension)lwere
just: those likely to mcke its magnetic influence difficulL'or

tt is as w 11 to recall that bothibefore and for
decades after Oprsted. -here were no established units, standards .

or meters of,,e1 tricitly or electric current, in a word, no clear
Itmeasure" of electricity. Furthermore, the relationship between
electricity (charge) and current - althomgh already appreciated
in a semi-nuantitativo way by Volta - was still for nmst electri-
cians quite vague. Electricity could be strong or weak, currents
powerful or feeble, but as to how strong a discharge or hQw power-
ful a current mi.ht he needed to influence a compass needle - i.e.

to produce a magnetic force at somexonvenient di.stance comparabIe
with ale Enrth's - of thds there was not the vagnf.st nuantititive
idea. What Oersted would discover - at least in part fortuitously -
to be necessary was a voltaic cell with plates of a considerable
area, immersed in a tood solution, connected by tolch a good con-
ductor that the direct signs of electricity were all hut era(ted.
althow01 th(' secondary one.;-; heat and chmical docomposition -
w( quite evident; an apparatw; "strolL; 1o1.0) to heat a twtallic



wire red hot" waspersted's most.precise description of the
required current! Only long after - and by virtue of Oersted's
discovery did some standard and meaningful.measure of electric
current become,a,reality; and only later still could practical,
ready-made sogrces of electric current be taken for granted.

40.
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Oerstedikteasente

.

Two aspects of Oersted's discoVery 'should be clearly'dis-
tinguished: First, the circumetandes that permitted the unambig-
uous detection of the Magnetic effects; second the new and wholly
surprising configuration of the forces. Oersted did not juit

discover the magnetic influence of the galvanic current--
he also explored.its nature. As Faraday remarked of Oersted's
brief, but epoch-making announcement: .

"It is full of tmPortant matter and contains in
few words, the results of a great number of obser-
vations; and ..-. comprises a very lar.ge part of
the facts, that are ag yet known relating to this.
subject." (4 ) * .

/
From the brief review of Oersted's would-be precursors, it

is abundantly' clear that the discovery of electromagnetism was not
simply a matter nf investigating the influence of an electric
current of "appropriate" magnitude, on a compass needle. There A\

was no measure of "appropriatleness" - the current required might

have been millions of times rtiore or less: Npr were there ready-
made sources of current supp y, nor even clear-cut means of measur-

ing currents that were availcble. What we do knowis teati the sort

of voltaic cells used in some investigations, especially chemical,
cells withOcopPer-zinc plate areas of the order 1000 sn. cm. and

. more, could supply currents - at least for short periods of time,

until polari7ation set in - of several amperes on "short circuit",

i.e. through conductors of resistance much smeller than the inter-

nal cell resistance' ( mudh less, say, thau one ohm). (To produce

a magnetic field comparable with the hori-ontal-component of the
Earth's, at about 2 or 3 cm. from a wire', a current of few amperes

is needed.)"
.

Oersted could hardly haveanticipated .any more than anyone

else, at least in any.remotely quantitative sense, the criteria

for demonstrating Lhe electrical-magnetic relationship. There ,

were other circumstances which led him to be concerned with
voltaic circuits of suitable character. Although Oersted's educa-
tion was in science and philosophy in the broadest sense, his

more praxtical scientific experience was in the rea'm of chemistry,
He completed a training in pharmacy, and the subject of his Doctoral
dissertation was a theory of alkalis% llis)prc?fessionalcaver began,

at legst in part, as an apothecary, and hi early travels °ROO
brought hi,m to the wild Ritter at Jena, () / at a time when the
sensation oi Volta's pile WfS at its peak. Whatever was Oersted's

1
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interest in the new electricity, it chemical manifestations
must certainly have.been prominent in his experience.pn# vi9ws.
Although a professor of physics - and apparently regarded ai

much a philosopher as physicist, his electricat investigations
Athave a pronounced L emical character, He discovers,that (1863)

acid so4ution$ proV1,1 e stronger VoltAic cOrls than do salts':

stronger here tan .on .y refer to cuirentl since, as Volta and his
followers stressed, the tension is virtually the same for any

solution, in 1812/13 he published his views about chemical. laws,

.in a mefnoir entitled "Researches.on th6 Identity of Chemical and

Electrical Forces". Included in fhis is i chapter on magnetism,
and.speculations,On its relationship to electricity. His views

here are not particularly novel, in fact typical of the time,

Thus: .

"One has always been tempted to compare magnetic
forces with electrical forces. The great resemblance
between electrical and magnetic attractions and re-

plusions and the similarity of their laws necessarily

would bring.about this.comparison."

He quotes the dubious demonstration.by Coulomb that, ')Mhgnetism

exists in all bo.dies of nature", aater attributed to magnetic

impurities and adds,to the many analogies between electricity
and magnet,tsm, the loss of magnetism in steel by heat "which proves

tliat steel becomes a better conductor.through a rise in tempc!ratuTe

just as electrical bociles do." (:) He concludes by urging that
"an attempt should be made to see if electricit;', in its most

latent stage,:has any actiOp on the magnet as such."( 6)

"Latent" here ir:ipltes galvanic - an activity. "halfway be-

tween the magnetic force and the electrical force". Whatever else

.the word connotes, one thing is f-lear: for Oersted galvanic elec-

tricity impli(\s chemical and thermal effects - in short, current.,

rather .than. tension, Indeed in the earliest Danish report of his

1821 experiment!;, written when the results vere stirl somewhlt

confw;Pd (April 14,21), Oersted writes

1 cx)ected the reatest vff,.:ct frc tr. a discharve

int" a pile: associat'ed with i:Icandescenct', I insertJ'd
.-
in t H(... c i rcui t, a vt.tv 11:-te TI Iat if1:1::
Olere tht. ncedIc ,....a.; loi:ati.d."(;)

Current'; in'Andc,c4ccur7c arc a lar fror-,

r rCII of a t h. d 1 v.: t rear,,IrtIn

'Tcc,t1dt1(0.:', ult.ctrici!V culTe!-AS,
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and ad quite scrocig currents at that. And his practical experr.
lence was'such that he wa able, when demanded, to produce currents
of the required strength. A few months after the'early report,
in July 1820, Oersted published his famous, definitive paper:
ptperiments on thF Effect of a.Curient of Electricity on the

Magnetic Needle"., Current and the.closed-circuit are stressed
at the outset. The earlier experiments "made wfth a feeble appa-
ratus were 'not...sufficiently eonclusIlive6, but now they have been
,repeated and extended "by means of a very powerful galvanic batteri".
From his briaf description we see that Oersted used some 20 cells
In series, each with a copper-qinc.facing area of.sorge 2000 sq cm.,
an arrangement which would have provided ourrents u to some 10
amps. and a (open-circuited) potential difference, before polar-
i'ation set in, of about 18 V. For many of his experiments a
single cell would have sufficed (the circuit resistanCe was esaen-
tlallyithe internil resistance of the cells)! Indeed Oersted
remarks without further specification .that,"A smaller apparatus
will answer provided it be stron enough to heat a metallic wire
red hot"

If the "metallic wire" were Cle "very fine ptatinum wire"
referred to earlier, then we might gugss;that it introdul into
the circuit a resistance of the order 1/10 to 1 Ohm. with cnrrents
of sever41 amperes, then, several celli would be necessbry co pro-
vide adenuate voltage: two or three though not twenty.. The princi-
ples or practice of..assembling cells in series orparallel were .

more-or-less unknown at the timeliind nowhere/pes.Oersted mention
such a possibiTy.

An a later(1830) account of flis seminal experiments(8 ),
Oersted refers againito the "luminous and heating effect of the
electrical current", which, "goes out in all directiohs from a
conductor", leading him to speculate that. "the magnetic effect
could likewise eradiate". And the first observation,of'electro-
magnetism, Oersted recalls, was made with ap apparatus used to
demonstrate the hvatinv, effect (luminous platinum wire) of the
galvanic current.

Fortunately, then,OerstiWn.philosophical speculations and
his practical t.Terience combined to producc.ivt the right oppor-
tunity for oh!:erving the rrue elecrric-iwnPri-Telation; Oernted
recor,ni"ed and exploited ii Havin found the marnetic influence
of Lhe.lectric-current v whatever loutt.,'Oer-:red now letz7. ex-
peliv:ent ,Toak, iuLly And t!ahi;..unlv.11,... vithont p1.11o,;opht al

TI.Je essential leat of tThe Interaction ati!

soon d(.1i!tcaud.



It is t ansmitted through materials, as would be expect-
ed for a magnetic interaction; it is independent of the material
of the conductor wire (0ersted's"uniting conductor"); it is
examined for different positions and orientations of the wire, and
for the different points.around the wire. The remarkable "circu-
larity" of the force (or 6otion) aft its particular "polarity" are
establiFhed by a law whose "nature will be better seen by a repe-
tition of the experiments than by a long explanation." Only

, after the experimental,verdict is. clear, does Oersted permit him-

/
self a brief philosophical Tee lation. Perhaps, he conjectures,
positive and negaKive electri ities move in.spiral lines, of oppo-
site sense, and correspondingly interact only with north and
south magnetic poles, resOectively ( echoes of DesCartds magnetic
theories?).

Oersted participated but little in the subsequent develop-
ment of electrodynamics. In.1823 he published(9) an accouht of
his wotk with Joseph Fourier, in which they had shown how to
magnify the recently (1822) discovered thermoelectric effect of
Thomas Johan Seebeck, by the use of multiple bi-metallic contacts:
a sort of "thermoelectric pile" (thermopile). Otherwise the re-
maining 30 years of his life seem to have been devoted to more
philosophical ruminations.

Pie ppocul ti to".. co,r0ruc1eJ :0 Ow
Pot it In ttt't ti tv. in I 1 1 10, ordo

ticuii v.ho Ih.,11.11 %.11 in Ow
tivdi..t-ncr.: of Cti,,tru..0%,

(Unle,:s this "artist's ipres-
Siotl" is purc
brittm-rie!-; far ii.rander

tho!qc.1.:!.cd by ocrti.d wcFm-

rilrl.a&.. in exi,;reci. tor

ft

..j
l It t1t1 i'.



XII. 'Exprenents

Suitable Apparatus (see p1345 for details):

Approximately 1 foot of 16 gauge (0.06" diameter) copper
wire mounted above a board. Two other wires or metal
strips.

Copper wire loop: 1 foot in each direction.

Voltaic cells(copper-7inc) each with an area of 600 sq.cm.
or more.

Low voltage (11/2 v.) ½ watt electric lamp.

Small, 1"-2" diameter, mounted compass need* of reasonable
Quality, together with simple (wooden) adjustable support-
ing stand.

INDICA71.02.
LAMP

KEY

I.. Locate and mark out dtrection bf magnetic a71muth.
1.nst,r1. that there are no ma);netc or iron bodies in the neighbor-
hood!

2. Place the wire alork,, the direction of the a,imuth.
Locate:



i) Compass needle (a) above, (b) below, (c) east
of, and (d) west of the wire, and as close as possi-
ble. In each case observe change in direction of
the needle when /he circuit is closed momentarily
(use tapping-key type switch), but sufficient to
observe the glow of the lamp.

Ii) Repeat i) (a)', (b), (c), (d) with copper-7inc
connections to the wite reversed.

iii) Repeat above for several diffe:ent distances
between wire and needle.

3. Move the wire parallel to itself. Observe whether there
is any significant change.

4. Turn the wire sothat it is at right to the meridian
(i.e. points E-W) . Repeat 2.i) (a),(b),(c),(d). If a "dipping"
motion of che needle is observable, apart from the normal azimuthal
motions, record its direction.

5. i) Additional wires in "parallel" with the original
one. Observe changes. ii) Use the cells in parallel rather
than series. Observe difference.

6. Repeat a significant sample of the observations with
different materials (brass, lead, tin, 7inc, etc.) in place of the
copper wire.

7. With wire in position (2), and needle above wire, examine
the effect of interposing various material between wire and needle
(copper, wood, lead, etc.).

8. With the closed loop perpendicular and with its plane
either parallel or perpendicular to the meridian nlane, explore
the influence on the compass needle. From observations 1 to 7.

' You should Ne able to establish and formulate a rule which des-
cribes the influence of the current on the needle, more or less

,generallv. This rule should then he used to explain (or predict!)
what is ohsi.rved in 1:8.
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1. Voltaic Cells (see p. 15 1: Oersted used cells of a
type,first described by Bervelius.in which the copper electrode
is also the container for the liquid electrolyte.
Its main feature is the large surface area and
small separation of zinc and copper.. Somewhat
simpler to make, with similar electrical char- COPY'
acteristics, and also in common use in Oersted's
day, is a cell in which copper and 7inc sheets
(^i 0.04 " thick) are interwoven in a spiral
fashion. Surface area 1000 sq. cm. A"non-
corrosive" electrolyte such as a 17, to 27 solu-
tion of common salt may be used; it delivers
adequate current (2-4 amps). The arrangement
should permit the metal plates to be withdrawn.from, and to
into the electrolyte when the cell is not in use. Two or three
such cells which can be connected in series or parallel should be

available,

2014

Ca frt.&

drain

Voltages are small so that contacts and connections must be

well made.i Tinned surfaces well clamped together (and occasionally
cleaned!) are quite satisfactory.

2. Current Indication: In place of Oersted's glowing plati-
num wire, we can use a small (1.v, 0.4A, e.g. G.E.'s #112) flash-
lamp bulb in circuit. When shuntedby a 1 ohm resistance, and used
together with two Cu-Zn cells in series, it will indicate currents
in the range of 1-2 amps. (The internal resistance of the cells
is about 0.5 ohm, of the circuit about 0.8 ohm; the E.M.F. about
1.8 volts.)

1.8w (^.0..5,)

1. Circuit (p.11 ): The resistance of the metallic cir-
cuit is shlall co;npared with other elements. provided '',00d contacts

are made. A pair of cldinps holds the straiTht conductor in place:
short copper wires soldered to its ends and themselvef; titincd are
then joined to the conneciins', wires with hra5;!; couplini;s.

t-;



The looped wire can bi,used either hori7ontally
or vertically.

4. Compass Needle: If the needle works reliably and
reproducibly in the Earth's field, it is good enough. The en-
closing case should not be much larger than the needle, so that
it may be used close to the wire.

p.t
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The Oersted medal of The
American Association of
Physics Teachers pictures
a much more plausible
experimental arranemen/
(of coursc!).
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Oersted's discovery -

an artist's recreation
of the scene (How it
'could not have happened:).
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V.

I. The basic reference is Oersted's paper of July 1820,
which ims published more-or-les(s simultaneously, in
Latin, French, German,I Ita.lian, English and Danish.
Clersted's English translation, published in the Annals
of Philosophy is appended: p.19 .

II. B. Dibnet. "Oersted and the Discovery of Electromag-
71ZTIWT7 Blaisdell Publishing Company (Paperback),

, 1962. Essentially the same work was published in
1961 by the Burndy:Library, Norwalk, Conn.

Text References:

1) Ref. II, p. 49.

2) P. F. Mottelay. Biographical History of Electricity

and Magnetism. (C Griffin and Co., London, 1922),
p. 383.

3) Ibid. pp. 315/376,

4) Ref. II, p. 18.

5) Ibid. p. 20. ,

6) Ibid. p. 22/23.

7) Ibid. p. 29.

8) Ibid. p. 31.

9) Oersted and Fourier. Annales de Chimie et de la Physioue.
22, 375. (1823).
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.
EXPERIMENTA

CIRCA Em CTITLI

.CONItICTUS ELECTRICI IN ACTS
MA6NETICAM.

7 II

lk

(0 ()a AVAILABLE

-111111111111,

Prima experimrnta circa rem , Tim illustrate amedier, in (Thai Je Electrkitate;
Galanisme et Magnetisme prox:ine-supetiori hietne a we babitia instituta sant. Ifts
experimentis , arum tnaGneticam ape apparatns Gahttnici o situ.

idque eircido galvanico duse, non Tette, ut (rostra .tentavernnt aliquot
nbldue anuis quiditin .celcberrimi. Cum autembwe experiincnta apparatu
nits

mi'-

ffid iustitutu er.sent , idceque.pbantemena edita pro rei Gravitate non oath in-
enknta lEiderentor, sedum adscivi oink= Esmarch , reGi a conniliis justitix, ut et-
pet in!enta c.um magno npraratu Galvanico, a nol:is conjunctim inbtructo, relmtcren.
nc ct nugerentur. vir cgregius Wend, eipcs nurritus ord. Dan. et op:A:Ica

., ri: interfnit, nobis sec7us et testis. n.:.:tere%

ct
I..., rah tij'll 1;tif.alia 4411 (MI %.r

rn1 ribarrIt natumlis Profess.or, vir iii enicrimcntis institurndis
lan!gen, rTviliciu Prefts::or, et Chemicus clpericntissimus Zcise, Pitilent:-

Doctor. SaTius ;dent 6olus ...7,.prritne3tta circa inateriarn propositatn insti.
rpm 4,went ita 13ihi teutizit detegerc phameniena , in conventu herutu viroruen.

rertivi.
In tarrirl-ntis rcernsendis orania pralcrilm, qux ad rationem rei invcnien-

Jva -luident eondulycunt, bac nutein inventa ent nmplitts illustrare ncqueunt; in
qum rci ratioilem prrspkue drruenstrant, nequiescamus.
Apparatus galvanicus, TA() MO Stang/Ws consiat V iginti receptaculis

r:elnIlr,j11111ril.M11 Tinrurn et longitude ct, altitudo duodecirn Irqualiter CS ponicttut,
!ititrfT.0 Otitcin ct dimidium vix ccdit. Qviativis reccptac had dua.
LP a 1 jflhili3 ruprris in:triletunt est ita JflCIIflItI ut baculinn cupreum, qui lam ant

iirpla rect.ptacult trolunt sustcntat, portarr passim. Atina recepta ulerum
!Ai pc:nth:xis ('cidi nit.lititici prityr 15'1 acidi nitrici contitict. Pars cujimpie
.: ia mina tulinivr4a Qvadvntina est , enius lotus circiter lengituditurn

!f) t.. Eti:n4 annratua minerct por.oat, ai taodo tilutu anc
v7.1cant.

:

-",Reproduced in Ref. H.

S.

.;

.
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To help celebrate the centenary of Oersted's dis.
covery. Dr. Kircnne Meyer of Copenhagen rOiewed
Ocrcted's unpublished laboratory notes of July 1820
with tl,eir scores of dlagrants showing the action
of elcctrecity on a mognet One of these is shown

above.

En lish version of Oersted's announ e e

(ANNALS OF PHILOSOPHY. VOL XVI. P. 213-76. LONDON 1320)

Exp..riments on the Ffect of a Current of Electricity on the
.3lcgnetic By John Ch7istian 0sted, Kniglit of the
Order of D.I'INchorg, Profvisur and
Secretary to the .Itoyal Society of Copenha2;en.

Tier, first Exp:ri....Ivnts re...p-!ctin; th.2 suh:ret which I mean at
pre-;ent to e\pfatn, ....ere made by wittter,%hile lecturing
on eletr..city, g.lva i, ni7..-4ne.,!.1, in the Univi.:Nity. It
st..e:;,ed try J..; that 01,2 rnn,.,tic

th c..11...anic ap,.-arnt!s,
but that the uiC eirc!u tt be ecio;,1,7t,, and nvt orn,
whidi was m i ain so:ne y cats azo by very
cele.:bratesi as the: .0 e\z-,:i;h-Its V. t 111;1'.11!
with a feeble ai,i,:.ratuc, a.1 th.,2;crore, s.;!Ficiently

the or th. :1:1J,..ct, I asso-
ca zed n I o r :at and them

ir; in, I

tl:! fird-:r of 1):,:.1.
and t '01'2 th! at, ard
the e The:e ri! dr. H a

% St.11.,i M.
rr- - t`: a :. e: 1; .1 t I. t',e kJ.

VoL. XVI. N' IV .

'

Vfessor orNatural,flistOrY, Nr. Jacobsen, Professor of Medi..ci?k, and that very skilful chemist, Mt. Zeise, Doctor of Philoso.phy. I had often made experiments by myself; but every factwhich I had observed was repeated in the presence of thesegentlemen.
The galvanic apparatus whkh we employed consists or 20copper troughs, the length and height of each of which was12 inches; but the breadth scarcely exceeded 2* inches. Everytrough is supplied witti two plates of copper, so belisi that they

could carry a copper rod, which supports the 218 5ir ate in thewater of the next trough. The water of the troughs containedof its weilit 'of sulphuric acid, and an equal quantity ofnail* acid. The portion of each zinc plate' sunk in the water isa square whose side is about 10 inches in length. A smaller
apparatus will answer provided it be strong enough to heat ametallic mire red hot.

The opusite ends of the galvanic battery were joined by a .metallic wtre, which, for shortuess sake, we shall call the unit;ng
conductor, or the unitinz wire. To the effect which e:ilies place
in this conductor and in the aurrounding space, we shall divethe name or the corylact of ekaricity.

Let the straight part of this mire be placed hothontally above
the magnetic needle, properly suspended, and parallel to it. Ifnecessacy, the unitin m ire is bent so as to assume a pr,4er
pos:tion for the eNperiment. Thint4s being in this state, t::e
needle will be nio%ed, and the end of it next-the negative !;ide orthe battcry will go westward.

-If the distance of the unitini wile does not eNceed three..
quarters of an inch from the nee(1.le, the declination eft:;e. eeJh
wakes an angle of alp)ut 45°. If Cie distance is increar;ed, the
ang,le diminishes proporti?nally. The declination 111.t. wise %aries
with the power of the battery.

The uniti< wire nia) change its place, tither towards the cast
or %%est, prosidud it continue parallel to the needle, without nny
other ch inse of the Ofeet than in reglect to its quantity. Hence
the (ff.:et-cannot beascribcd to attraction tor the same pole of
the magnetic needle, which ap;lroaches the uniting wire, while
placed on its east side, owght to rteede from it when on the
we-t s:dc, if these declinations depended on attsactions and
teplikis)n. The uniting conductorrnay consist of se:eral wires,
of inct-Wic ri!-,bons, concted tc,ether. The nature of the metal
does not .1!ter the eT:ct, but neIy the quantity. \Vi:es of

ir)n, prs of lead at- i tin, a
of n.r.rcury, with equal success. The con-

d':ctor does r,:t Io e iti t:111!ct, tilkiu;!1 inteiruted by wat,:r,
ut,!.:-, ton tlry:v:r.ts ir.cht:; 111 kr :01.

of CI,: v.i!e 1,, ; to t!,e thro!::!1., ; it :s
:;

2 4



1820 .) Current of Electricity on the Magnetic Needle.
Even glass, metal; and wood,. interposed at once, do 'n9t
destroy, and indeed scarcely diminish the effect. The disc of
the electrophorus, phtcs. of porphyry, a stone-ware vessel, ezen
filled with water, were interpn;ed with the same result. We
found the effects unchanged when the needle was included in a
brass box filled with water. It is needless to observe that the
transmisiOn of effects through aH these matters has never berore
been observed in electricity and galvanism. The effects, there-
fore, which tal,e place in the conflict of electricity ate very
different from the effects of either of the electricities.

If the uniting wire be phced in a horizontal plene under the
.rnagnedo needle, all the effects are the serne as when it is above
the needle, only they are in an opposite direction; for the pole
of the magnetic needle next the negative...end of the battery
declines to *he east.

That these Nets may be the more easily retalnerl, we may use
this founktiathe pole %%Inch the negltrLe electricity enters
is turned to the ii eJt ; tinder tdiici, to the cost.

If th .4! unit:no- wire i3 50 turty:d in a hortzontll plane 35 to form
a urn,d1;11ly mc::14;r.s.,3n4le ttith the rung!..,etsc mcridian, the
declinmon of the nec,fle Wert-Vest if the inotion.or the wile is

r,li the phee of the (1,-,tbrbd ne:dlil; ht:t it diRtinier
the ..v:re mote; r.1:ther fro:n place.

Whon the 1.r.c.i:yj Cire is sQl;at.:.cl in the
in %..1-,ch th e. motcs by.n:nr.s of tile count,ro..i.,

to it, ir i ,n is C.:olucel eit!:er to the ell,: or
tAit an r/14,.:,:n p!lce, thit tit,/ pole. neu t0;:ch

the 11,:;:kti%e c!...etr;e1tv ent.r; c v.t:e, is ff;;:res,,:l', ....1.,(!n the

it,:: is Ftti:Ited :Lest sl,!., 3.11 1 w.,:nt...1
r t

If t!-e. ee i'.. --;
th, !. tn, r tbs: :Hr.. 0, t!::
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4 Prcf. Oersted on Electricity end .11iregnetive. (Oct.
pole will be repelled either to the east or west, according to the
position or the plane nf the legs. The eastrnost leg being united
with the positive; and the westinost with the r.egative side ofthe
battery, the nearest pole will be attracted. When the plane of
the legs is pleeed perpundicular to the place between the pole
and the middle of the needle,' the same effects recur, but'
reversed

dt bress needle, 'suepended like a magnetic needle, is Uot
moved by the effect or the uniting wire. Likewise needles or
glas4 and or gum lac remain unacted on.

We May now wake a few observations towards explaining
these phenomena. .

The electric conflict eels only on the magnetie particles of
mattor. All non-magnetic bodies appear penetrable by the
electric c while magnetic bodies, or rather their ittagnetie
particles, reeist the passage of this conflict. Hence they can be

Lrnovei,A y ..ie impetus of the contendino,, powers.
It is sufriciently ctmdent from the preceding facts that the

electric conflict is not confined to the conductor, but &versed
pretty ttidely in thc c.rcutrjacent spice.

From the preceding facts wc may liLev.i$e collect that this
contfict performs crcIs ; for t%ithout this condition, it seems

. truf.05.5itf.e that the one rwt m:/r the untting %tire, v.hen 1.kced
b!!:;),v the inagnetic po!e. 51r.otilil thAf: it to:t ;yds the ear,
when Wailed at.iove it tor.aitk the v:st ; for it is the nature or a
Cift.11: that the tnr)horis in opr>ite parts shotill hate an oppo..ite
ditett:nn. Besides. a nwizon in cs:de. joined t%ith a

e no..:ord,ng to the It.:11;th of the conductor, onht to
fr.rro a cent-lioidil 4,,r 5p:/:.? line ; ty.:t rt)iv11,

thr .
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