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ClIAN(2E O F  FORRI AFFECTING A RZAGNETIC J<'IELD.l 

HITHERTOtlie study of a magnetic fieltl lias been t , l~es l ~ ~ d yof 

tho so.called lines of force mdiating f r o n ~  the poles of magnets, 

either electro or permanent: and, SO far  as iuagnetism has been 

utilized in thc arts, the cliangcs in this esternal field have been 

brought about by the ~~~ove t r r en t san
of armature, llaving for its 
function to determine the direction and consequent density of the 
field. Suclr is tlie case in the instruments usec! in the telegraph, 
the telephone, in dynamos, and in motors Someti~nes conduct- 
i ng  wires are so mounted in the field that  their move~nent  gives 
rise to  electric currents, which signifies that the energy producing 
the tension in the field is ahsorbed in some measure by the mov- 
ing wires, and is transformed into an  electric current. I n  each 
of these cases the magnet producing the field is stationary; t ha t  
is, changes in the magnetic field produced by i t  are due to a 
motion external to the magnet itself, and may he that of a n  
armature,  of a moving wire, or  of i ts  own bodily change of 
position,- a kind which is comparable with what is called external 
motion in thermo dynamics, to distinguish it froin internal 
motions, or such as take place when the body changes its forin. 
So far as I a m  aware, no studv has been made of the effect of 
changing the form of a magnetic body on its field, or  of the re- 
action upon itself of its magnet,ic condition due to a periodic 
change of form. Of course, it has been known for a long time 
that  the form of tlie magnetic field depended upon theform of the  
magnet itself. For a s t~ .a ight  bar magnet, this field is familiarly 
known by the arrangement of iron filings formin:: curved l ~ n e s  
from each pole re-entering the opposite pole. Whpn the iron is 
bent into a U-form, or horseshoe magnet, the  tield is mostly con- 
tracted to the space between the poles. These f'ornrs of 111agnets 
h a r e  been permanent ones for the purpose for which the ~ n a g n r t  
was ~nade .  

I n  the  case of induction-coils, whether of one form or  another, 
the magnetic change produced by it has been and is due to tlre 
electric change produced upon i t  by an  electric circuit provided 
with intermittent or alternating currents. 

Within a few years, attention has been called to the nature of 
the  external field :as being a part  of what is now known as the 

' P a p e r  presented J a n .  14, 1801, by A. Emerson Dolbcar, t o  the  American 
Academy of Ar ts  and  Scieuoes, Boston. 

magnetic circuit, ~vh ich  consists of these rings or closed circuits 
of lines of fcrce, all originating in the iron part of the circuit, and 
for conductirrg which iron is hy far the best. The poles of tlie 
magnet are simply tlie parts of the iron where the lines enter a n 4  
leave, ar~tl  they may t ~ cin any place. Usually they are a t  t he  
ends of tlie iron, but  not necessarily so. Whenever iron is place0 
in the magnetic field, these lines crowd into i t ,  as it is a muc.lr 
better conductor than the ether. When the  iron is made intv :t 
ring form anrl then masnetized, there is no externalpolarity, an.)  
conscqucntly no e x ~ e r n a l  fieltl, providetl thnt the iron has sulficienl 
conducting cross-section ilt every part. 

The follo\\.iog experiments havr heen tried, to determine what 
effects, if any, are producetl upon a ~nagnc%ticfield by changirlg 
tlie form of the rnagnet. I t  was thought a t  first, that  if a helix 
was coiled into a circle and a current wns resent in i t ,  changes 
in it? form \vould pro(luc:c correspon~lio:: t:liauges in the  ~nagne t i c  
field external to the coil. esl~ecially noticeable if a flexible iron 
r ing was enc1ost.d in the lielix so as to condense the magnetic fieltl. 
This was put to tlie test in the follo\ving manner 

I. A coil similar to the one clescribed :il~ove: hut containing :L 
solid ring of iron ahout eight incl~es in diameter antl an  inch thick, 
lrarl its coil put  in circuit with a of low reflecting g :~ lvano~~l? t e r  
resistance, and : ~ t  s~lelra (listance from i t  tha t  tnilgnetic fields ex-
ternal to its circuit coultl not ac t  upon it .  B11othc.r coil made 
about :iflexible ring of iron wire was put  in  cirruit  wit11 a hatter?., 
so :IS to magnetize the ring strongly. Then, wit11 one ring 
parallel to the o t l~er ,  the flrsi l~le toassunlrone was ~n:ttit~suddenly 
an  elliptical f o r n ~ .  Each such change in form, fro111 one cllipsr 
t o  another a t  right angles to it, gave a tleflection of the needle t o  
the riglit or left. an11 nr~ifoi.rnlg for ;t gir'n phase of c l ~ m g e .  It 
W ~ L Salso ohserve:l tha t  tlic tlirectior~ of thcx Jeflcction was  reversrtl 
wllen tlie flrxsil~l(> ring \{,as turned the other side up. 

11. Tlle s;nnct flt>sihle ring, usetl ill t l ~ e  same way, b u t  without 
tlie current t l~ ro r~g l i  01'it, gave sub.itantial1.v the satile results. 
corlrse, the ring wits pc>r~n:~nently ~~r:t:.nctizrd, and the change 
~iligli t  have been inferred. 

111. As the same kind of notion, due t? change of form, is taking 
place when a ring is vihrating a t  its harmonic rntc, producing. 
what we call sound-vil)rations, i t  was thougl~t  prol~ahle that  a 
rnagnetizcd ring. h a v i ~ i g  a coil of wire ahout it in connection with 
a telephone, worrld set u p  vibratory currents when it was struck; 
and this was found to be true, for, when the c o ~ l  coutai~iing t h e  
henvy iron core \\,as put in circuit with a telephone in another 
room, the  sound of the stroke and the pitch of the ring coultl' 
plainly be heard. I n  the first case, the number of turns of wire 
was smell, perhaps fifty or thereabouts. I therefvre had t w o  
larger ring$ made, each about one foot in diameter and half a n  
inch thick. 

IV. One of these was wound six or seven hundred tu rns  
of No. 32 wire. Before it was magnetized, i t  was connected wit11 
tlie telephone, and tested for its magnetic condition by striking. 
The ring could plainly be heard, which showed that  i t  had some 
degree of magnetism. 

V. Then about two hundred turns of coarse wire were wonnttl 
upon it, and a strong current sent through i t  to magnetize it. 
After this magnetizing coil had been removed, the  ring was again 
tested a s  in IV. The sound was very I D U C ~louder. Indeed, t h e  
telephone could he held a foot froin tlre ear and be heard. 

VI. With the ring in V, still in circuit, the cornpanion ring, 
wi t l~out  any wire upon it, was brought near i t  and struck. The 
sound was easily he:trd in the telephone circuit. 

VII. This secvnd ring was now magnetized in the same way as 
the first, when the magnetizing helix mas removed, and experi- 
~ n e r ~ t  The sound was very much louder. VI. rrpeat,ed. 

VIII.  The ring was now struck antl moved away from the first 
r ing by stages of an  inch or two a t  a tirile. I t  was found possible 
to hear its pitch in the second circuit, when it was a yard or m o l ~  
nway from it,. 

I X  As the pitch of the two rings was not quite the same, the 
higher one was loaded so as to bring them to unison. The sound 
was then louder and more persistent than before. This gave evi- 
dence that  it was a case of sympathetic vit~ration, while the former 
were forced vibrations. 
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X. A common horseshoe permanent magnet, with legs about 

six inches long, had perhaps fifty ohms of No. 82 wire wound 
about the bend, and this was put in circuit witli the telephone, 
and struck like a tuning-fork. The sound in the telephone mas 
very loud; indeed. too strong to be held comfortably at  the ear. 

XI. A coil of wire was now put about the middle of a piece of 
gas-pipe, which was without permanent magnetism. The piece 
of pipe was about four feet long and five eighths of an inch in 
diameter. This, when in connection with the telephone, was 
struck two or three times a second with a piece of brass rod, and 
while being thus struck it was rotated from the magnetic meridian 
to a position a t  right angles to it. The difference in the loutlness 
of the sound, between the position in the meridian and away from 
it, mas very marked. It  is therefore shown to he possible to de- 
termine the points of the compass with a telephone, a coil, and an 
iron rod. 

XII. 11 second flexible ring w;ls now made, about a foot in 
diameter, consisting of a bundle of soft iron wire, the ends being 
roughly braided and twisted together. The thickness of this was 
rathcr less than hi~lf an inch. This was corered by a rubber tape 
mound spirally round it, the better to secure stability of tor111 and 
insulation. Then 4 6 ohms of No. 21 wire were wound about it  
its entire length, malting proi~ably a thousancl turns. It  was then 
magnetized by a current from three secontlary cells having six 
volts, giving a magnetizing current of about thirteen hr~ndreil 
arnpGre turns, leaving it a. ring magnet. The terminals wcrc then 
connected with the terminals of a reflecting galvanometer with a 
resistance of 67 of an ohm. Very slight changcs in the form of 
the ring, either by pulling or pushing, gave tlecitletl movements 
to the needle, while larger amplitude gave thirty to forty degrees' 
deflection. 

XIII. It  was noticetl. also, that the direction of the current de- 
pended not only lipon tlie direction o f  the motion of clianging 
the form, but also unon tlie direction of tile motion with reference 
to the normal shape of the ring. Thus, if the ring he a circle, 
and it be drawn into a liorizontal ellipse, the current will more 
the galvanometer-needle, say, to the right. When it is brought 
back to the circular form, the current is reversed. If the motion 
be continued so as to produce a vertical ellipse, the current will 
be in the same direction as that produced a t  first by a motion 
exactly opposite in direction; so that for a complete cycle of 
vibratory changes four currents are generated,- two direct, and 
two reverse. 

XIV. One of tlie iron rings before mentioned, a heavy one about 
eight inches in diameter and an inch and a half thick, having 
coarse wire wound upon it nearly covcring the ring, was connected 
with the galvanometer as before, and the ring was struck by a 
brass rod. The needle instantly swung through a wide angle. 
Struck again, it moved as before, but not through so wide an 
angle, and a half-dozen blows knocked nearly all the magnetism 
out of the ring. This was then detached from the galvanometer 
and magnetized, as  before, when it  again gave the same large de- 
flection it gave at  first. The same conditions were tried with 
other rings, and in each case it mas found that a vigorous stroke 
upon the ring magnet had the same destroying effect upon the 
magnetism as it  has upon magnets having external fields. 

XV. The flexible ring was now put in circuit again, and vigor- 
ously jerked with the hands. A very few such movements served 
to destroy nearly all the magnetism present, requiring the remag- 
netization of the ring. 

As flexible iron rings such as I wanted were not easy to make, 
I procured some steel wire rope of the right size, and the ends 
were welded for me through the courtesy of Professor Elihu 
Thompson of Lynn by his electrical welding process. Such a 
ring about a foot in diameter allon7s a rnovetl~ent of tive or six 
inches to one of its sides. This, when wound with four or five 
hundred turns of No. 22 wire, may be magnetically saturated by 
sending a current through the wire, leaving the ring charged. 
The terminals may now be connected with a proper galvanorne- 
ter, and changes in the form will discharge the ring. 

These experiments prove, -
1. That a change in the form of a magnet causes correspond- 

ing change of stress in the field. 

2. That periodic changes in form due to elasticity of form, such 
as are called sound-vibrations, set up similar periodic changes or 
waves in the magnetic field. 

3. That such sound-vibrations of a magnet act upon other 
magnets like sound-vibrations, and set then1 into corresponding 
vibratory movements. sympathetic or forced, - sjtnpathetic 
when the receiving magnet has the same pitch as the transmitting 
magnet, and forced when it has not the same pitch. 

4. That such sound-vibrations in the receiving-magnet cause a 
corresponding change of form in its magnetic field, which mani-
fests itself by electric cuwents in circuits surrounding it. 

Sir William Thomson has frequently said that he could under- 
stand a mechanical idea when he could make a model of it, but 
could not otherwise. If one assumes that the ultimate atoms of 
iron are magnets, as is thought most probable nowr, or holds, by 
Ampkre's hypothesis, that currents of electricity circulate about, 
each atom, making it a magnet - in either case, each individua1 
atom has its own magnetic field, which is necessarily always with 
it. It is really its re.action upon the ether. If such atoms be 
elastic, as there is the best of reasons for believing, then it follows 
tthat impact must set them into periodic vibratory motion; that 
is, periodic change of form a t  a rate depending upon its degree of 
density and elasticity. Such changes of form set up rorrespond- 
ing periodic waves in the ether, as changes in the magnetic field; 
and these are transtnitted outwards witli a rate depending upon 
the propertiefi of the ether to transmit such rnot,ions, not upon the 
sonrcc of the disturbance. 

Such vibratory tuotions atnong atoms and n~olecules we call 
heat, and such periotlic waves in the ether we call light, and thus 
Bfnxwell's idea of light being an electro magnetic phenomenon is 
altogether in accordance wilh the experiments. For waves of the 
lengtl~s of light wares, i t  is essential that the vibrating botly be 
small ant1 highly elastic. Maxrvc,ll's idea was, that tile opposite 
phases of ether-waves could produce opposite electrical effects, s a  
that each half-vibration represented either positive or n~ga t ive  
conditions; and these implied, though I have not noticed the 
statement, that they inrlst have originated with vibrating mag- 
netic atoms or molecules. I t  has been difficull or in~possible. 
heretofore to imagine how ether-waves could be set up by vibra- 
tions of the elements, though the idea that the atoms of matter 
are magnets is not new a t  all, and has a good degree of proba- 
bility. 

If one is to picture to himself a t  all how this kind of a 
phenomenon can occur, he is bound to have in mind some form 
for an atom that shall a t  the same time be a consistent magnetic 
form. If atoms are magnets, it is well-nigh inconceivable that 
they should be spheres or cubes. or tetrahedra, or disks, or any of 
the ordinary geometric forms, for such would be very poor forms 
to exhibit magnetic properties. But a ring presents a very differ- 
ent case, as a ring magnet is the most perfect form possible. 
There is this to be said of such a form, however. It  does not 
present what we commonly call a magnetic field: it  is a closed 
circuit. 

Nevertheless, I would ask if it is probable that the ether ex- 
ternal to a magnet of that form should be quite unaffected, quite 
neutral. I should suppose not, but, on the contrary, should look 
for some sort of stress there, though it might be of somewhat 
different nature, and have somewhat different properties, f r o m a n  
ordinary magnetic field. But if such were the case, it  follows 
that any magnetic change in the ring magnet itself would be fol- 
lowed by a corresponding change in the external field, and vibra- 
tory motions would necessarily set up waves in that field. Such 
waves would have a magnetic origin, but tbe waves themselves 
would not necessarily give rise to electro-magnetic effects directly. 
Indirectly they would; for, if they could make another si~uilnr 
magnet vibrate sympathetically, these vibrations would re-act 
upon its magnetic properties. 

Such a ring form as I have shown suggests a t  once the vortex 

ring theory of atoms, of the properties of which I have so ofteia 

spoken to the academy. Perhaps the experiments should have a 

different interpretation from that suggested here; but, whatever 

their interpretation map be, they ere believed to be entirely new, 

and therefore of interest, if not important. 



