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: © . OERSTED

' THE BEGINNINGS OF ELECTROMAGNETISM
(Blue Book pp. 82-87)

Additional Notes and Amendments

L. /- Historical

A length of wire, an electric current, and a commonplacde
magnetic compass: all that Oersted 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 (182()?
Certainly not lack of technical resources, which had been

available for many years., Voltaic piles powerful enough to fuse
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 discovery of the simple magnetic effects Nor was the
"received knowledge" of the time hostile to ‘the notion of some
On the
contrary, it was very much in the spirit of the day to seek

and elec-

intimate connection between electricity and magnetism.

connections between the different "forces'" of Nature;

tricity with its known diversity of mechanical, chemical,
logical, thermal and visual effects had amply demonstrated that

physio-

this faith in the interconnectedness of all Nature was nof mis-

' placed. Nor indeed was therc any lack of attempts to discover,

nor of claims - 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 demonstration - were given much cre-

-dence, or were even capable of reproduction, But with Qersted's

discovery, recognition was instantaneous; within days his obser-
vations were reproduced in all the scientific centérs in Europe,
and within weeks they were rapidly extended. Whatever had delay-

ed the discovery, by 1820 the time was rvipe)

One cannot cxilax' this twenty-year Ique but to appreciate
the manner and the significance of Ocrsted's discoverv, one can
examine both the influence of the scientific climate of the time
and also the more particular ingredients of Qersted's success, and

the failure of the others before him. Unless we do this,

Qersted’s

experiments. are likelv to appear trivial; and any reproduction

of them not only trivial, but wholly misrepresentative
accomplishment.

of

Qersted's



Electricity and magnetism had been clearly distinguish-
ed and separateu back in 1600-by William Gilbert At the time
this was a major step forward, and thenceforth the two "sciences"
independently developed - for some two centuries. By the latter
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 oxrdinary electricity
of charges and electroscopes, and of sparks and shocks. Franz -
Aepinus (1724-1502) based his.important theory (1759) of elec-
trical forces and matter on the analogy between the processes
of electrification and magnetization; 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 prive competition set by the Electoral Academy
"of Bavaria:

"Is there a Real 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 Hondrick van Swinden
(1746-1823), professor of Natural Philosophy and Mathematics
at Amsterdam., From his wide knowledjpe of, and contributions to
both fields -'especially terrestrial magnetism -he concluded that
the analogy was apparent, rather thaw real, in the physical sensc;
but othurs who compcted for the prize expressed the contrary
belief{ - that sowlose (') a formal ‘ana Payy lndlcatod a sxngle '
underlying physical agent. :

On the whole circumspection prevailed - at least oggthc
part of the more experiencdd and distingdished natural philos-
ophers: and thelr skepticism was increased rather than diminished
by the veports and claims of observed connections between elec-
tricity and magnetism.  The most authentic were, perhaps, the reports
such as thore ot Benjamin Franklin of lightniong disturbing compass
needles; and the clectrical discharvge of the Leyvden jar magnetising
an iron wire., bBut Franklin himscelt leaned toward the view that
these were scecondary et fects (such as heating)’, and the influence
of his vicws as quite powertful,  But one of bis most active
followers - Vather Giovanni Baptista Beccaria (L710-1781Y) profes-
sor at Turin, and one especially active in the study of atposphevie
electricity, wan sutfjeiently convineed of g Jdirect connection,

9!



to propose that the "sign" of the electricity ip the thunder- .' o
.cloud could be ascertained from the magnetic polarity acquired .

by an-iron body struck by its 1i%htning discharge! Similar
claims were made in respect to electrical discharges produced

by giant electrical machines.
Refinements in the construction of magnetic tompass needles

had led, by the late eighteenth century, to an instrument of
considerable sengitivity, and with it the temptation to 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 electricity cannot be
equated to one between electricity, and magnetism - as Gilbert

so clearly showed with his'versorium in 1600. But this lesson, ﬂ
like others which Gilbert expounded, were apt to be forgotten \
in the succeeding centuries!
. All in all, the attempts to relate "ordinary electricity"

" 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 and fruitful inquiry. In the absence of compelling
evidence, skepticism continued to prevail. .

To us, it wottld 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,
1t did, but not at once; and manifestly the changed circumstances
were not recognirzed., Not the least reason for this was that the
pile, qua pile - a generator\of current (galvanic electricity)
with a substantial tension (4 potential-difference of 50, 100 or
more volts) was neither esseptial nor really suitable for driving
a substantial current through a metallic wire. But the pile was
the symbol - par-cxcellence 4 of the new electricity, and the
problem was to find the conngction between electricity and magni-
tism. (Not until after Oerstied was the issue formulated as a
conncct ion between clectric chirrent and magnetism!) How perfect-
ly natural, if one is to experiment with electricity, to ensure
that its presénce {s demonstrhble and unambiguous. Electricity
means electroscopes and shock$ - the multi-element pile produces
just these, So we sece in onelof the earliest (1802), and most
frequentlyv championed, claims\to have observed electric-magnetic
interactions - that of Gian DWncnico Romagnosi (1761-1835) 4 a

professor of lLaw at the Univernsity of Parma! « it is already the
familiar pilu)& la Vol&a)ihat ﬁs used.  Numerous discs, lots of

|
.
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eléctticity :—But, 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! gy o

Why should he have done = AN '

so? Connecting the poles =

of the pilewith a metal- = 2N

lic conductor would have = Q;:;f*“wﬁ§§ ™
removed the very indications = ”}‘,:3 N
that electricity was pre- = o

sent ("discharged the pile") N - FNRAN

and rendered success highly . { = = fﬂ\\ij
fmplausible! 1f Romagnosi - . e

did observe some deflection
it might have been electro- --ﬁ-: .
static. in origin -« it cer- ”
tainly could not have been

Lo

' . e re €
The natural appeal of the compass needle resulted in

the pile -~ one of a hun-

dred cups - likéwise featur- . :

ed in the expo:&menrs of one Guiseppe Mojon - a learned chemist
of Genoa - who seems to have cmulated with galvanic electricity

Franklin's experiments on the magnetirzation of needles by discharge

of Levden 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 cach disc and the successive one, The edtremities of this
pile were connected to the terminals of a convential voltaic pile,
so that a current. {lowed for some time., When the "charging' pile
is removed, the new Ritter-pile is found to be electrified: it
could grive 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 lured by the mystioue
of polarity to a comparison between them and magnetized ivon,” " By
"palvani-ing' a gold nceedle, pivoted like a compass or dip-necdle,
he found that it would assume o definite orientation or inclina-
tion, and it was the positive pole that dipped, The extension
from the secondary to the primary pile (Volta's "

-

contact-clectricity')

BN

ina nétic Romagnosi's experiment: _Contacia/,// '
& ' between one '"pole'of the pile ar

e Y

deflection of the latter. (After Fahi)(l)
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was for Ritter an obvious next step: he announced ",,.that a

needle composed of silver and zinc arranged itself ip the mag-
netic meridian and was slightly attracted and repelled by tle
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~
1834) and Charles B. Désormes (1777-1862). They placed a pile,
composed of no less than 1480 elements, in a boat floating on
water: unlike a magnetired box, it assumed no definite orientation.
Needless. to say, the poles of the pile were not connected, so as
not to destroy the electricity!

Of course there were others - mainly chemists, notably Davy
and Ber~elius - who were using massive piles to drive large
currents through closed circuits. They were preoccupied with

the whole nhew 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
fituation. TIndirect, secondary magnetic effects of electricity.
would benonovelty, and these were hardly the dirvect link which was
sought. : . . !

then, in the search for the link between electricity
and magnetism <-eyen when tﬁq electricity was "galvdnic" - the
very circumstances at seemed to ensure that the electric agent
was present and maniidst (a substantial electric tension) were
just those likely to mdke its magnetic influence difficult’ or
impossible! 1t is as wpll to recall that both before and for
decades after Oprsted, phere were no established units, standards
or meters of el stricith or electric current; in a word, no clear
"measure'" of electricitv. Furthermore, the relationship between
electricity (charge) and current - although already appreciated

in a semi-quantitative way by Velta - was still for most electri-
ciaiis quite vapue., LElectricity could be strong or weak, currents
powerful or feehle, but as to how strong a discharpe or hqw power-
ful a current might be needed to influence a compass needle - 1.e.
to produce a mapgnetic force at some . convenient distance comparabfe
with the Earth's - of this there was not the vaguest quantitative
idea., What Oersted would discover - at least in part fortuitoushy
to be necessary was a voltaic cell with plates of a considerable
arca, immerszed in a good solution, comnected by such a pood con-
ductor that the direct sipgns of clectricity were all but erased,
althouch the secondary oned - heat and chemical decomposition -
were quite evident; an apparatus "stron, enoush to heat a wmetallic
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wire red hot" was QOersted's mosﬁ.precise description of the :
required current! Only long after - and by virtue of Oersted’s
discovery did some standard and meaningfui_measure of electric

current become a reality; and only later still could practical,
ready-made soyrces of electric current be taken for granted.

. v "
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II>\\ Oersted's Experiments - | | ,

.

Two aspects of Oersted's discovery should be clearly dis-
tinguished: First, the circumstances that permitted the unambig-
“uous detection of the magnetic effects; second the new and wholly .
surprising configuration of the forces, Oersted did not just
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 important matter and contains in

few words, the results of a great number of obser-

vations: and ... comprises a very large part of

the facts, that are as yet known relating to this-

subject." ¢ - :

Lo Vs

From the brief review of Oersted's would-be precursors, it
is abundantly clear that the discovery of electromagnetism was not
simply a matter ~f investigating the influence of an electric \\\
current of "appropriate" magnitude, on a compass needle, There
was no measure of “appropriatieness” - the cuwrrent required might
have been millions of times more or less!- Nor were there ready-
made sources of current supply, nor even clear-cut means of measur-
ing currents that were availgble, What we do know-is.9K5E the sort
of voltaic cells used in some investigations, especially chemical,
cells with?copper-zinc plate areas of the order 1000 sq. cm, and
more, could supply currents - at least for short periods of time,
until polariration set in - of several amperes on ''short circuit',
i.e. through conductors of resistance much smgller than the inter-
nal cell resistance ( much 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 wirej a current of few amperes
is needed. )’ ‘

Oersted could hardly have‘anticipated any more than anvone
else, at least in any remotely quantitative sense, the criteria
for demonstrating the 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 practical 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. Hisjprofessional cawer began,
at tegst in part, as an apothecarv, and hig carly travels (1801)
brought him to the wild Ritter at Juna, 5) at a time when the
sensation of Volta's pile was at its peak. Whatever was Qersted's
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interest in the new electricity, it chemical manifestétipns
must certainly have been prominent in his experience and views.
Although a professor of physics - and apparently regarded aé
much a philosopher as physicist, his electrical investigations
have a pronounced dgemical character, He discovers that (1803)
acid sotutions provide stronger Voltaic cells than do salts:
stronger here can only refer to current, 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 mefmoir entitled "Researches on thé Identity of Cbemicel and

Electrical Forces'. Included in this ‘is a 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 c¢lectrical 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, "Magnetism
exists in all bodies of nature", (ater attributed to mggnetic
impurities). and adds, to the many analogies between electricity

and mapgnetfsm, the loss of magnetism in steel by heat "which proves
that strel becomes a better conductor through a rise in temporature

just as electrical qu?es do.'' (!) He ceoncludes by urging that
"an attempt should be made to see if electricity, in its most

latent stage, ‘has any actidn on the magnet as such,"( 6

!
"atent' here irniplies galvanic - an activity "halfway be-

tween the magnetiec force and the elcctrical force',  Whatever else
_the word connotes, one thing is rlear: for Qersted galvanic elec-
tricity implias chemical and thermal effects - in short, current,

rather than tension, lndeed in the earliest Danish report of his
1821 cxperiments, written when the results were still somewhat
confused (April 1321), Ocrsted writes '

"Sinece 1 evpected the preatest effect from a discharye

{;uf a ]‘)ili::h associated with incandescence, [ o inserted v
in thHe circuit a wvery fine platinus wire arove the place
vhere the necedle was Yocated, ()

Currents producine incandescence are oa farv oy from apoen-
1

Ed
cireuited piles of a thoooad eleeerta D Whateser the yeasangyne

Derstoed's apeovlations ledhivs to wee woltaie clectricity as currents,
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and ‘ag quxtc stroug currents at that. " And his practical expers.

"i¢nce was such thet he was. able, when demanded, to produce curremts

LIRS

of the required strength., A £ew moriths after che‘early report,

in July 1820, Oersted published his famous, definitive paper:
"Experiments on the Effect of a-Current of Electricity on the
Magnetic Needle",: Current and the closed-circuit are stressed
at the outset. The earlier experiments "made with a feeble appa-
ratus were not..,sufficiently conclusiwe', but now they have been

repeated and extended "by means of a very powerful galvardic battery",

From his briaf description we see that Oersted used some 20 cells
In. series, each-with a copper--inc. facing area of some 2000 sq. cu,,
an arrangement which would have provided currentg up to some 10
amps. and a (open-circuited) potential difference, before polar-
ivation -set in, of about 18 V, Far many of his experiments a
single cell would have sufficed (the circuit resistance wias esgén-
tially the internal resistance of the vells): indeed Oersted
remarks without further specification that,"A smaller apparatus
will answver provxded it be strowg enough to heat a metallic wire
red hot." , '

I1f the "mwetallic wire"” were the "wery fine platinum wire"
referred to earlier, then we might guess. that it introdussd into
the circuit a resistance of the order 1/1G to 1 ohm, with conrrents
of several amperes, then, several cells would be nécessacy ¢m pro-
vide adeaquate voltage: two or three though not twenty,. The princi-
ples or practice of assembling cells in series or parailel were

'more-or-less unknown at the timv and nowhere ﬁﬁes OQrsted mention

such a poqsxblley ) . ;

In a later (1830) account of his seminal experiments(§ ),
Oersted refers apain to the "luminous and heating effect of the
eglectrical current', which, "poes out in all dirvections from a
conductor", leading him to speculate that “'the magnetic effect
could lakewls vradiare”, And the first observation of 'electro-

magnetism, Qersted recalls, was made with an apparatus used Lo
demonstrate the heating effeet (luminous platinum wire) of the
pdlvmnr current . ' .

Fortunately, then Ocerstgd's philosophical speculations and
his practical experinnce combined to produce.iust the right oppor-
tunity for obuerving the rrue ﬁiectriv-maxnfl‘;~ltlat10n Persted
recopnived and wxploited 10, Havipe found the maypnetic influence
of the cvlectric-~current by whatevey roube, 7Qeratvd pow lots oxe
peyiment epeal, fully and unasbhicuousle | without philosophy al
prefudices . The essential fteatoreyg ot the now interaolioan dre

oo el pnea? \.:ti, .
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It is transmitted through materials, as would be expect-
ed for a magnetic interaction; it is independent of the material
of the conductor wire (Oersted'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 totion) afd its particular “polarity" are
establirhed 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 phLLosophicalspeiﬂiation. Perhaps, he conjectures,
positive and negalive electridities move in.spiral lines, of oppo-
site sense, and correspondingly interact only with north and
south magnetic poles, respectively ( echoes of DesCarte's magnetic
theories?), L

. A .

Qersted participated but little in the subsequent develop-
ment of electrodvnamics, 1In 1823 he published<9 an accouht of
his work with Joseph Fourier, in which they had shown how to
magnify the recently (1822) discovered themmoelectric effect of
Thomas Johan Seebeck, by :
a sort of “"thermoelectric pile" (thermopile)., Otherwise the re-
maining 30 yvears of his life seem to have been devoted to more
philosopbiical ruminations,

g
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T11, . "Experiments

-
-

M . 6:
Suitable Apparatus (see pl3-15 for details):

Approximafely 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-zinc) each with an area of 600 sq.cm. -
or more, '

Low voltage (1% v.) % watt electric lamp.

Small, 1"-2" diameter, mounted compass needM of reasonable
quality, together with simple (wooden) adjustable support-:
ing stand.

o

N

z//
@ ?{HQE

COMPASS- nEEDLE
STAND

INDICATOR KEY
LAMP
L. Locate and mark out direction of magnetic azimuth,

Pastre that there are no maygnets or iron bodies 1o the neivhbor-
hood ! ‘

2. DPlace the wire alouye the dirvrection of the azimuth,
S Yocate:

-11-
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1) Compass needle (a) above, (b) below, (c) east
of, and (d) west of the wire, and as close as possi-
ble. 1In each case observe change in direction of
the needle when the circuit is closed momentarily
(use tapping-key type switch), but sufficient to
obserye the glow of the lamp,

1i) Repeat 1) (a), (b), (¢), (d) with copper-7inc
connections to the wire 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. poinus E-W). Repeat 2.1i) (a),(b),(c),{d). If a "dipping"
motion of the needle is ohservable, apart from the normal azimuthal
motions, record its direction.

5. 1) Additional wires in "parallel" with the original
one. Observe changes., 1{i) Use the cells in parallel rather
than series. Observe difference.

6. Repeat a significant sample of the observations with
different materials (brass, lead, tin, zinc, ete,) 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 necedle
(copper, wood, lead, etc,),

8. With the closed loop perpendicular and with its plane
either parallel or perpendicular to the meridian plane, explore
the influence on rhe compass needle, From observations 1 to 7.
You should be able to establish and formulate a rule which des-
cribes the influence of the current on the needle, more or less

.generally,  This rule should then be used to explain (or predict!)
what i{s observed in #34,

e e et bttt te. wgpmss wotetn. rtem 3o



IV, Apparatus

1. Voltaic Cells (see p.15): Oersted used cells of a
type, first described by Berzelius, 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-
acteristics, and also in common use in Qersted's
day, is a cell in which copper and zinc sheets
(~ 0,04 " thick) are interwoven in a spiral
fashion. Surface area 1000 sq. cm. A'non-
corrosive" electrolyte such as a 1% 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 drain
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,

Voltages are small so that contacts and connections must be
well made, 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 (lhv, 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.)

. ~ D ov
{ l
) B »—

3. Circuit (p.11 Y:  The resistance of the metallic cirv-
cuit is swall compared with other clements, provided pood contacts
are made. A pair of clamps holds the straicht conductor in place:

\“i’ short copper wires soldered to its ends and themselves tinned arve
/ then joined to the conneccing wires with brass couplings,
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or vertically. -

The looped wire can be used either horirontally

4. Compass Needle: If the needle works reliably and
reproducibly in the karth'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,
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. EXPERIMENTA
' CICA EFFECTULI . I
CONILICTUS ELECTRICI IN ACUME

. . MAGNETICAM. .

I

Bima experimenta circa rem, quam illustrare agsredior, in rcholis de Elcetricitate,
Galvanisme of Magnetismo proxime-supetiori hicme a me habitis instituta sunt.  His
experimentis monstrari viddebatur, acum tmagneticam ope apparatus galvanici ¢ sita
woveris idque circnlo palvanico cluso, non aperto, ut frustra teataverant aliquot
abliive anuis physici quidam celcberrimi,  Cura autem Lize experimenta apparatu smi-
nus cfficaci instituta essent, ideoque phanomena cdita pro rei gravitate non satis lu-~

culenta viderenter, socium adseivi emicura Esmarch, regi a consiliis justitiz, ut cx=

perimenta cum magno apparatu galvanico, a nolis conjunctim instructo, rencteren=
Tir et augerentar,  ieiany vir egreging Wlengel, eqies auratus orid. Dan. et apal nes
T Doty g oreloenst piny, evocvimentis interfuit, nobis soctus et testis,  Frlteren

é

3

Fooa o T e Darrosemyvie exeellonticsimus et 2 rene s onis anerihen

Cocirealss 1..,uu., (n; 1300 PODLI HOLUY.d SeTCatia Jam Ll s chutal, T vae aLit
e+ Peinhardt, Histovie nateralis Professor, vir in experimentis institucndis £o~an
¢lorimns Jacoheen, Medicing Professor, ¢t Chemicus (:xpcricmiss.irnus deise, Philose-
[hiz Doctore Swpivs equridem solus experimenta circa materiam propositam insti-
iy qum wuten ita mihi contigiv detegere phauomcena, in conventu horum viroruts:
oo tssimeram repetivis :

In experinentis reeengendis omnia prateribo, que od rationem red invenicn-
danr quidem condugerunt, hec autem inventa ra amplivs illustrare nequeunt; in ois
I- 'u.,, qux rei rationem prrspicue demonstrant, acquicscamus,

Apparatus galvanicus, ¢uo usi summus, constat viginti receptacnlis enpreis
veetonnularibus, quoram et longitude ¢t eliudo duodecim rrualiter €5 pvllicnm,
Nititedo outem duss pollices er dimidium vix exeedit, Qvodvis receptacklum dua-
Lva liminia cupreis inctructum est ita inclinatis, ut baculum cupreum, qui lamipam zine
coma i agna reeeptaculi provimi sustentat, portars possinte Agua veeeptakulorur
<5 i penderis eaidi culphurici et pariter oY% ocidi nitrici continet. Pars cujusque
Dndne Zintez i agun cubmersa Qvadiatuna est, enjus lats circiter longitudingm

& pellicosn ebety” Btinnappraraes eainores adhiberi possunt, 6i raodo filuw tace

s dlcumeesac f g valeanst, . ; RN
/.‘
Reproduced in Ref. 1T, \
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. .
-18-
() r
la 4

e et —————— i




£,

AIXXXT 41 108 THIXTN

To help celebrate the centenary of Ocrs!cd'.s dis- )
covery, Dr. Kirstine Meyer of Copenhagen reviewed
Ocrsted’s unpublished luborztory notes of July 1820
with their scores of dugrams showing the action
of cicctricity on a magnet One of these is shown

above.
- ————
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English version of Oersted's announcement of Julyv 1820
<
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(ANNALS OF PHILOSOPHY. VOL.XVI. P.273-76. LONDON 1320)

Lxperiments on the I'T{/'ec! of a Current of Elcclricit]y on the
Megnetic Needle® By John Christian Odrsted, Kaight of the
"Order of Dasdebars, Professor of Nutural Philosuphy, and
Secretary to the Rojal Socicty of Copenhagen.

Tre first exporiments reaprcting the subject which | mean at .
present 1o expiain, were miade by me Iast winter, \_\h.xlc er'ct:n-mg
on el=ctricity, solvani o, wiel ragaetia, in the University. ;t
seeimed Cuminstrated by the g enproan tsothat the magsnetic
needle vns mioved fiom s pesition Ly the galaric aprarmts,
but that the ¢hame cirele st be cumplete, and not open,
which Jact methal was tied 1n vain same jears zzo by very
cercbrated philus phers, Put as the e evrurments vere made
with a fechle winarates, and were not, therefore, sutficiently

. vy : _
corelsive, convdodin s the inpritiice of the sulyecet, | acso.
crated o i

Awithay tdca Lidvmarai o e catandonted them
bvonoanl cfavem o '. pronnded beesin
cor . Mr. ‘-'I'n.:_'d, a X{r'z:_éht of the Ordor of Dene-t e
ad atthe bead o tee Pl was prosent at, aed asl oo n,
l}lL‘ C‘\i'.':.‘;:,. . 'l‘lk.‘,’:t:‘ voese i

coerlib e loania b ey

oot Beaerss M Hoeieh a

y : < M Rereboadd
an vy el statd ot Nt Seiences, Mr, Rumbosdy,
-

R T  La e L AN T IR TR SO L W PSRRI
it e RN IV LR N TR N LIPS 3 LR 'y

Voo VI N2 IV S \

( 2
fessor of Natural Histéry, Mr. Jacobsen, Professor of Medi.s
cing, and that very skilful chemist, Mt. Zeise, Doctor of Philoso.
phy. I'had often made expesinents by mysell; but every fact
which [ had observed was repeated in the presence of these
gentlemen, .

The galvanic opparatus which we employed consists of 20
copper troughs, the length and height of each of which was
12 inches; but the Lreadth scarcely exceeded 24 inches. Every
trough is supplied with two plates of copper, 50 bewy that they
could carry a copper rod, which suppoits the zingglate in the
water of the next trouzh. The water of the troughs contained
#sth of its weight of sulphuric acid, and an equal quantity of
nitrid acid.  The portion of each zinc platé sunk in the water is
a square whose side is about 10 inches in length. A smaller
apparatus will answer provided it be stiong enough to heat a
metallic wire red hot.

" The opposite ‘ends of the galvanic battery were joined bya.
metallic wire, which, for shortuess sake, we shall eall the uniting
conductor, ot the umting wire, To the effect which thbes place
in this conductor and in the surrounding space, we shall give
the name of the conflict of electricity, _

Let the straight part of this wire be placed horizontally above
the magnetic needle, properly suspended, and parallel to it If
necessaiy, the uniting wire 1s bent so as 1o assume a proper
position for the expenment. Things being in this state, the
needle will be mosed, and the end of it next e negatve side of
the battery will £0 westward, ' .

If the distance of the uniting wire docs net excerd three.
quatters of an inch fram the needle, the declination ¢fthe needls
rakes an angle of abaut 45°, If the distance is inereased, the
anzle diminishes proportionally, The declination hhesise sarics
with th2 power of the battery

The uniting wire may chiange its place, either towards the ¢ast
or wes¢, provided it continue parallel to the necdle, without any
other clinge of the (Hect thanin respect toits quantty. Hence
the cffectcannot be ascribed to aliraction ; for the same pole of
the mazretic needle, which aporoaches the upiting wire, wlile
placed on its east side, ought to recede from it when on the
west side, af these dechmations deperded on attiactions and
Yepulsions,  The uniting conductor.may censist of sexeral wires,
cr metrlhe nhbons, cennocted togethar. The nature of the metal
does not alter the eTuct, but m2rely the quartty. Wies of
Fratmany, ¢l s:hues, brass, aeon, stloes of lead or d tin, a
Fines of rercury, v emnplaned vath equal scecess. The cene
ductor doss not lose gt ifect, thou:h intesrusted by wager,
AVRER I Hen st anants ty sevenalanches i lar oth,
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1820.) Current of Electricity on the Magrelic Needle. 3

" Esen glass, metal; and wood,. interposed at once, do 'ngt
destroy, and indeed scarcely diminish the effect. The dise of
the electrophorus, plates of porphyry, a stone-ware vessel, esgn
Alled with water, were interpased with the same result. ,We
found the effects unchanged when the needle was included jna
brass box filled with water, It is needless to observe that the
transmission of efects through all these matters has never before
been observed in electnieity and galvanism.  Thé eifects, there.

fore, which take place in the conflict of clectncity ate very .

differcnt from the effects of either of the eclectricities.

If the uniting wire be placed in a honzontal plane under the
-magnetic needle, all the effects are the tame as when it is above
the ncedle, only they are in an oppasite direction; for the pole
of the magnetic fcedle neat the negative end of the battery
declines to #he east,

That these faets may be the mote easily retained, we may use
this formuia—the pole alsre winch the negafive electneity enters
is turned to the west s under wlich, 1o the east.

I the uniting wiee 13 50 tornod tna Noneetal plane as to form
a gradually incrersing argle with the nagunetic mendsan, the
dechnation of the necdds wnereries, of the motion.of the wire is

towards the plice of the distlirbed neadld but it doninidienf

the wire moves Tirther from thiat plhace, .

When the umitnng <are s siteatad i the sume hizrzental plune
in vhich the needle moves by means of the counterpase, and
pasatiel ooty oo dechinin o is piadeced eitlier th the east or
wes?, Lut anar-fiaeren takes plice, sothat the pole, rextuluch
the negatne chctnaty entors the were, 1s depresed when the
witg g trtgoatod on the aest sids) o cfveate D whien seteat ] on
the o0t o ’.‘ .
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4 " Prof. Oersted on Electricity and Magnetism, N {Ocr.

pole will be repelied either to the east or west, according to the
pesition of the plane of the legs. The eastmost leg bein united
with the positive, and the westinost with the negative side of the
battery, the nearest pole will be attracted.  When the plane of
the legs is placed perpundicular to the place between the pole
and the middle of the needle,’ the same effects recur, “but’
reversed

A briss needle, ‘suspended like & magnetic ncedle, is got
moved by the effect of the uniting wire, Likewise needles of
glass and of guin Jac remain unacted on.

We may now wmake a few observations towards explaining
these phenomena, o

The electric conflict acts only on the magnetie particles of
matter,  All non-magnetic bodies appear penctrable by the
electric confhee, while wagnetic bodies, or rather their magnetic
particles, rewst the passage of this conflict.  Hence they canbe
moved by the unpetus of the contending porers.

ftis sufliciently endent from the preceding facts that the
clectric conflict is nat confined to the conductar, but dispersed
pretty widely an the ¢rreumjacent space.

From the preceding facts we may bhewise collcct that this
conthict performs cucles; for without this condition, it socnes

. twpossbie that the one past of the urating wire, when ploed

brlow the magaehe pole, should deve 1t towanls the east, and
when plased abave it tomands the west;, for 3t o5 the nature of a
circle that the motions 1n opposite parts should have an oppoate

directian, Besides, a moton in cucles, Jomncd wath 3 preseen,
eve mative, avsorging ta the length of the conduntor, ouzht Lo

form acenchaidal of spuslhing s but this, unle-s Lammistalon,

enrnbatey ealion sy eantun the chenamana hathoota ofien oA,
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