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LXIV. On the Diamagnetic conditions of Flame and Gases.
By MicuAEL Farapay, F.R.S., Foreign Adssociate of the
Academy of Sciences, &c.

To Richard Taylor, Esq.
Royal Institution,

My pear Sin, Nov. 8, 1847,
LATELY received a paper from Professor Zantedeschi,
published by him, and containing an account of the dis-

covery, by P. Bancalari, of the magnetism (diamagnetism) of
flame, and of the further experiments of Zantedeschi, by which
he confirms the result, and shows that flame is repelled from
the axial line joining two magnetic poles. I send you the
paper that you may, if you estimate its importance as highly
as I do, reprint it in the Philosophical Magazine; and I send
also with it these further experimental confirmations and ex-
tensions of my own. As M. Zantedeschi has published his
results, I have felt myself at liberty to work on the subject,
which of course interested me very closely. Probably what I
may describe will only come in confirmation of that which has
been done already in Italy or elsewhere; and if so, I hope to
stand excused; for a second witness to an important fact is by
no means superfluous, and may in the present case help to
induce others to enter actively into the new line of investigation
presented by diamagnetic bodies generally.

I soon verified the chief result of the diamagnetic affection
of flame, and scarcely know how I could have failed to observe
the effect years ago. As I suppose I have obtained much
more striking evidence than that referred to in Zantedeschi’s
paper, 1 will describe the shape and arrangement of the essen-
tial parts of my apparatus. The electro-maguet used was the
powerful one described in the Experimental Researches
(2247%.). The two terminal pieces of iron forming the virtual
magnetic poles were each 17 inch square and six inches long;

* Page 398 of this Journal for May 1846.
Phil, Mag. S. 3.Vol. 81. No. 210. Dec. 1847. 2D
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but the ends were shaped to a form approaching that of a cone,
of which the sides have an angle of about 100°% and the axis
of which is horizontal and in the upper surface of the pieces
of iron. The apex of each end was rounded ; nearly a tenth
of an inch of the cone being in this way removed. When
these terminations are brought near to each other, they give
a powerful effect in the magnetic field, and the axial line of
magnetic force is of course horizontal, and on a level nearly
with the upper surface of the bars. I have found this form
exceedingly advantageous in a great variety of experiments.

When the flame of a wax taper was held near the axial
line, but on one side or the other, about one-third of the flame
rising above the level of the upper surface of the poles, as
soon as the magnetic force was on, the flame was affected ;
and receded from the axial line, moving equatorially, until it
took an inclined position, as if a gentle wind was causing its
deflection from the upright position; an effect which ceased
the instant the magnetism was removed.

The effect was not instantaneous, but rose gradually to a
maximum. It ceased very quickly when the magnetism was’
removed. The progressive increase is due to the gradual pro-
duction of currents in the air about the magnetic field, which
tend to be, and are, formed on the assumption of the magnetic
conditions, in the presence of the flame,

When the flame was placed so as to rise truly across the
magnetic axis, the effect of the magnetism was to compress
the flame between the points of the poles, making it recede in
the direction of the axial line from the poles towards the middle
transverse plane, and also to shorten the top of the flame. At
the same time the top and sides of the compressed part burnt
more vividly, because of two streams of air which set in from
the poles on each side directly against the flame, and then
passed out with it in the equatorial direction. But there was
at the same time a repulsion or recession of the parts of the
flame from the axial line; for those portions which were below
did not ascend so quickly as before, and in ascending they
also passed off in an inclined and equatorial direction.

On raising the flame a little more, the effect of the magnetic
force was to increase the intensity of the results just described,
and the flame actually became of a fish-tail shape, disposed
across the magnetic axis.

If the flame was raised until about two-thirds of it were
above the level of the axial line, and the poles approached so
near to each other (about 0'3 of an inch) that they began to
cool and compress the part of the flame at the axial line, yet
without interfering with its rising freely between them; then,
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on rendering the magnet active, the flame became more and
more compressed and shortened ; and as the effects proceeded
to a maximum, the top at last descended, and the flame no
more rose between the magnetic poles, but spread out right
and left on each side of the axial line, producing a double
flame with two long tongues. This flame was very bright
along the upper extended forked edge, being there invigorated
by a current of air which descended from between the poles on
to the flame at this part, and in fact drove it away in the equa-~
torial direction.

When the magnet was thrown out of action, the flame re-
sumed its ordinary upright form between the poles, at once;
being depressed and redivided again by the renewal of the
magnetic action.

When a small flame, only about one-third of an inch high,
was placed between the poles, the magnetic force instantly
flattened it into an equatorial disc. A

If a ball of cotton about the size of a nut be bound up by
wire, soaked in sther and inflamed, it will give a flame six
or seven inches high. This large flame rises freely and natu-
rally between the poles; but as soon as the magnet is rendered
active, it divides and passes off in two flames, the one on one
side, and the other on the other side of the axial line.

Such therefore is the general and very striking effect which
may be produced on a flame by magnetic action, the import-
ant discovery of which we owe to P. Bancalari.

I verified the results obtained by M. Zantedeschi with dif-
ferent flames, and found that those produced by alcohol, ther,
coal-gas, hydrogen, sulphur, phosphorus, and camphor wereall
affected in the same manner, though not apparently with equal
strength. The brightest flames appeared to be most affected.

The chief results may be shown in a manner in some re-
spects still more striking and instructive than those obtained
with flame, by using a smoking taper. A taper made of wax,
coloured green by verdigris, if suffered to burn upright for a
minute and then blown out, will usually leave a wick with a
spark of fire on the top. The subdued combustion will how-
ever still go on, even for an hour or more, sending up a thin
dense stream of smoke, which, in a quiet atmosphere, will rise
vertically for six or eight inches; and in a moving atmosphere
will show every change of its motion, both as to direction and
intensity. When the taper is held beneath the poles, so that
the stream of smoke passes a little on one side of the axial
line, the stream is scarcely affected by the power of the mag-
net, the taper being three or four inches below the poles ; but
if the taper be raised, so that the coal is not more than an inch

2D 2
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below the axial line, the stream of smoke is much more
affected, being bent outwards ; and if it be brought still higher,
there is a point at which the smoke leaves the taper-wick even
in a horizontal direction, to go equatorially. If the taper be
held so that the smoke-stream passes through the axial line,
and then the distances be varied as before, there is little or
no sensible effect when the wick is four inches below: but
being raised, as soon as the warm part of the stream is between
the poles, it tends to divide; and when the ignited wick is
about an inch below the axial line, the smoke rises vertically
in one column until about two-thirds of that distance is passed
over, and then it divides, going right and left, leaving the space
between the poles clear. As the taper is slowly raised, the
division of the smoke descends, taking place lower down, until
it occurs upon the wick, at the distance of 0'4 or 0'5 of an
inch below the axial line. If the taper be raised still more,
the magnetic effect is so great, as not only to divide the stream,
but to make it descend on each side of the ignited wick, pro-
ducing a form resembling that of the letter W; and at the
same time the top of the burning wick is greatly brightened
by the stream of air that is impelled downwards upon it. In
these experiments the magnetic poles should be about 0:25 of
an inch apart.

A burning piece of amadou, or the end of a splinter of wood,
produced the same effect.

By means of a small spark and stream of smoke, T have even
rendered the power of an ordinary magnet, in affecting them,
evident. The magnet was a good one, and the poles were
close to each other and conical in form.

Before leaving this description of the general pheenomenon
and proceeding to a consideration of the principles of mag-
netic action concerned in it, I may say that a single pole of
the magnet produces similar effects upon flame and smoke,
but that they are much less striking and observable.

Though the effect be so manifest in a flame, it is not, at
first sight, evident what is the chief cause or caunses of the
result. The Zeat of the flame is the most apparent and pro-
bable condition; but there are other circumstances which may
be equally or more influential. Chemical action is going on
at the time :—solid matter, which is known to be diamagnetic,
exists in several of the flames used: and a great difference
exists between the matter of the flame and the surrounding
air. Now any or all of these circumstances of temperature,
chemical action, solidity of part of the matter, and differential
composition in respect to the surrounding air, may concur in
producing or influencing the result.



Downloaded by [Monash University Library] at 12:35 11 June 2016

of Flame and Gases. 405

I placed the wires ofan electrometer, and also of a galvano-
meter, in various parts of the affected flame, but could not
procure any indications of the evolution of electricity by any
action on the instruments.

I examined the neighbourhood of the axial line as to the
existence of any current in the air when there was no flame or
heat there, using the visible fumes produced when little pellets
of paper dipped in strong solutions of ammonia and muriatic
acid were held near each other; and though I found that a
stream of such smoke was feebly affected by the magnetic
power, yet I was satisfied there was no current or motion in
the common air, as such, between the poles. The smoke
itself was feebly diamagnetic; due, I believe, to the solid par-
ticles in it.

But when flame or a glowing taper is used, strong currents
are, under favourable circumstances, produced in the air. If
the flame be between the poles, these currents take their course
along the surface of the poles, which they leave at the opposite
faces connected by the axial line, and passing parallel to the
axial line, impinge on the opposite sides of the flame; and
feeding the flame, they make part of it, and proceed out equa-
torially. If the flame be driven asunder by the force of these
currents and retreat, the currents follow it; and so, when the
flame is forked, the air which is between the poles forms a
current which sets from the poles downwards and sideways
towards the flame. I do not mean that the air in every case
travels along the surface of the poles or along the axial lines,
or even from between the poles ; for in the case of the glowing
taper, held half an inch or so beneath the axial line, it is the
cool air which is next nearest to the taper, and (generally)
between the taper and the axial line, that falls with most force
upon it. In fact the movements of the parts of the air and
flame are due to a differential action. We shall see presently
that the air is diamagnetic as well as flame or hot smoke ; 7. e.
that both tend, according to the general law which I have ex-
pressed in the Experimental Researches (2267, &c.), to move
from stronger to weaker places of magnetic force, but that
hot air and flame are more so than cold or cooler air : so, when
flame and air, or air at different temperatures, exist at the
same time within a space under the influence of magnetic
forces, differing in intensity of action, the hotter particles will
tend to pass from stronger to weaker places of action, to be
replaced by the colder particles; the former therefore will have
the effect of being repelled; and the currents that are set up
are produced by this action, combined with the mechanical
force or current possessed by the flame in its ordinary relation
to the atmosphere.
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It will be evident to you that I have considered flame only
as a particular case of a general Jaw. It is a most important
and beautiful one, and it has given us the discovery of dia-
magnetism in gaseous bodies: but it is a complicated one,
as 1 shall now proceed to show, by analysing some of its
conditions and separating their effects.

For the purpose of examining the effect of heat alone in
conducing to the diamagnetic condition of flame, a small helix
of fine platina wire was attached to two stronger wires of cop-
per, so that the helix could be placed in any given position as
regarded the magnetic poles, and at the same time be ignited
at pleasure by a voltaic battery. In this manner it was substi-
tuted for the burning taper, and gave a beautiful highly-heated
current of air, unchanged in its chemical condition. When
the helix was placed directly under the axial line, the hot air
rose up between the poles freely, being rendered evident above
by a thermometer, or by burning the finger, or even scorching
paper; but as soon as the magnet was rendered active, the
hot air divided into a double stream, and was found ascending
on the two sides of the axial line; but a descending current
was formed between the poles, flowing downwards towards the
helix and the hot air, which rose and passed off sideways
from it.

It is therefore perfectly manifest that hot air is diamagnetic
in relation to, or more diamaguetic than, cold air; and, from
this fact I concluded, that, by cooling the air below the natural
temperature, I should cause it to approach the magnetic axis,
or appear to be magnetic in relation to ordinary air. I had
a little apparatus made, in which a vertical tube delivering
air was passed through a vessel containing a frigorific mix-
ture; the latter being so clothed with flannel that the ex-
ternal air should not be cooled, and so invade the whole of
the magnetic field. The central current of cold air was di-
rected downwards a little on one side of the axial line, and
falling into a tube containing a delicate air-thermometer, there
showed its effect. On rendering the magnet active, this effect
however ceased, and the thermometer rose; but on bringing
the latter under the axial line it again fell, showing that the
cold current of air had been drawn inwards or attracted to-
wards the axial line, 7. e. had been rendered magnetic in rela-
tion to air at common temperatures, or less diamagnetic than
it. The lower temperature was 0° F. The effect was but
small; still it was distinct.

The effect of heat upon air, in so greatly increasing its dia-
magnetic condition, is very remarkable. It is not, I think, at
all probable that the mere effect of expanding the air is the
cause of the change in its condition, because one would be led
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to expect that a certain bulk of expanded air would be less
sensible in its diamagnetic effects than an equal bulk of denser
air; just as one would anticipate that a vacuum would present
no magnetic or diamagnetic effects whatever, but be at the
zero point between the two classes of bodies (Experimental
Researches, 2428, 2424). 1t is certainly true, that if the air
were a body belonging to the magnetic class, then its expan-
sion, being equivalent to dilution, would make it seem dia-
magnetic in relation to ordinary air (Experimental Researches,
2467, 2498) ; but that, I think, is not likely to be the case,
as will be seen by the results described further on in reference
to oxygen and nitrogen.

If the power conferred by heat is a direct consequence, and
proportionate to the temperature, then it gives a very remark-
able character to gases and vapours, which, as we shall see
hereafter, possess it in common. In my former experiments
(Experimental Researches, 2359, 2397) I heated various dia-
magnetic bodies, but could not perceive that their degree of
magnetic force was at all increased or affected by the tempe-
rature given to them. Ihaveagain submitted small cylinders
of copper and silver to the action of a single pole, at common
temperatures and at a red heat, with the same result. If
there was any effect of increased temperature, it was that of
a very slight increase in the diamagnetic force, but I am not
sure of the result. At present, therefore, the gaseous and va-
porous bodies seem to be strikingly distinguished by the power-
ful effect which heat has in increasing their diamagnetic con-
dition.

As all the experiments, whether on flame, smoke, or air,
seemed to show that air had a distinct magnetic relation, which,
though highly affected by temperature, still belonged to it at
all temperatures ; so it was a probable conclusion that other
gaseous or vaporous bodies would be diamagnetic or mag-
netic, and that they would differ from each other even at com-
mon or equal temperatures. I proceeded therefore to examine
them, delivering streams of each into the air, in the first in-
stance, by fit apparatus and arrangements, and examining the
course taken by these streams in passing across the magnetic
field, the magnetic force being either induced or not at the
time.

In delivering the various streams, 1 sometimes introduced
the gases into a globe with a mouth and also a tubular spout,
and then poured the gas out of the spout, upwards or down-
wards, according as it was lighter or heavier than air. At
other times, as with muriatic acid or ammonia, I delivered the
streams from the mouth of the retort. But as it is very im-
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portant not to deluge the magnetic field with a quantity of in-
visible gas, 1 devised the following arrangement, which an-
swered well for all the gases not soluble in water. A Woulf’s
bottle was chosen having three apertures at the top, a, b and ¢;
a wide tube was fixed into aperture a, descending within the
bottle to the bottom, and being open above and below; by
this any water could be poured into the bottle and employed
to displace the gas previously within it. Aperture  was closed
by a stopper. Aperture ¢ had an external tube, with a stop-
cock fixed in it to conduct the gas to any place desired. To
expel the gas and send it forward, a cistern of water was placed
above the bottle, and its cock so plugged by a splinter of
wood, that when full open it delivered only twelve cubic inches
of fluid in a minute. This stream of water being directed into
aperture a, and the cock of tube ¢ open, twelve cubic inches
of any gas within the Woulf’s bottle was delivered in a minute
of time; and this I found an excellent proportion for our mag-
net and apparatus.

With respect to the delivery of this gas at the magnetic
poles, a piece of glass tube bent into this shape J was held
by a clamp on the stage of the magnet, so that it could easily
be slipped backward and forward, or to one side, and so its
vertical part be placed anywhere below the axial line. The
aperture at this end was about the one-eighth of an inch in-
ternal diameter. In the horizontal part near the angle was
placed a piece of bibulous paper, moistened with strong solu-
tion of muriatic acid (when necessary). The horizontal part
of the tube was connected and disconnected in a moment, when
necessary, with the tube ¢ of the gas-bottle, by a short piece
of vulcanized rubber tube. If the gas to be employed as a
stream were heavier than the surrounding medium, then the
glass tube, instead of having the form delineated above, was
so bent as to deliver its stream downwards and over the axial
line. In this manner currents of different gases could be de-
livered, perfectly steady and under perfect command.

The next point was to detect and trace the course of these
streams. A little ammonia vapour, delivered near the mag-
netic field, did this in some degree, but was not satisfactory ;
for, in the first place, the little cloud of muriate of ammonia
particles formed, is itself diamagnetic; and further, the tran-
quil condition of the air in the magnetic field was then too
much disturbed. Catch-tubes were therefore arranged, con-
sisting of tubes of thin glass about the size and length of a
finger, open at both ends, and fixed upon little stands so that
they could be adjusted either over or under the magnetic poles
at pleasure. When they were over the poles, I generally had
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three at once; one over the axial line and one at each side.
When they were under the poles, the lower end was turned
up a little for the purpose of facilitating observation there.

The gas delivered at the poles, as already described, con-
tained a little muriatic acid {obtained from the solution in the
paper), but not enough to render it visible. To make it ma-
nifest up which catch-tube it passed, a little piece of bibulous
paper, folded and bound round and suspended by a copper
wire, was dipped in the solution of ammonia and hung in each
of the tubes. It was then evident at once, by the visible fume
formed at the top of one of the tubes, whether the gas delivered
below passed up the one or the other tube, and which: and
yet the gas was perfectly clear and transparent as it passed by
the place of magnetic action.

In addition to these arrangements, I built up a sheltering
chamber about the magnetic poles and field, to preserve the
air undisturbed. This was about six inches long by four inches
in width and height, and was easily made of thin plates of
mica, which were put together or taken down in a moment.
The chamber was frequently left more or less open at the top
or bottom for the escape of gases, or the place of the catch-
tubes. Its advantages were very great.

Air.—In the first place air was sent in under these arrange-
ments, the stream being directed by the axial line. It made
itself visible in the catch-tube above by the smoke produced ;
but whether the magnet was active or not, its course was the
same; showing that, so far, the apparatus worked well, and
did not of itsell cause any erroneous indications.

Nitrogen.—This gas was sent from below upwards, and
passed directly by the axial line into the catch-tube above;
but when the magnet was made active, the stream was affected,
and though not stopped in the middle catch-tube, part ap-
peared in the side tubes. The jet was then arranged a little
on one side of the axial line, so that, without the magnetic
action, it still ascended and went up the middle catch-tube:
then, when the magnetic action was brought on, it was clearly
affected, and a great portion of it was sent to the side catch-
tube. The nitrogen was, in fact, manifestly diamaguetic in
relation to common air, when both were at the same tem-
perature; but as four-fifths of the atmosphere consists of ni-
trogen, it seemed very evident, from the result, that nitrogen
and oxygen must be very different from each other in their
maguetic relations.

Ozygen.—A stream of oxygen was sent down through air
between the poles. When there was no magnetic action it
descended vertically, and when the magnetic action was on it
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appeared to do the same; at all events it did not pass off
equatorially. But as there was reason, from the above expe-
riments with nitrogen, to expect that oxygen would appear,
not diamagnetic but magnetic in air; so the place of the
stream was changed and made to be on one side of the
axial line. In this case it fell perfectly well at first into a
catch-tube placed beneath; but as soon as the magnet was
rendered active, the stream was deflected, being drawn towards
the axial line, and fell into another catch-tube placed there to
receive it. So oxygen. appears to be magnetic in common air.
Whether it be really so, or only less diamagnetic than air (a
mixture of oxygen and nitrogen), we shall be better able to
consider hereafter. )

Hydrogen.—This gas proved to be clearly and even strongly
diamagnetic; for notwithstanding the powerful ascensive force
which its stream has in the atmosphere, because of its small
specific gravity, still it was well deflected and sent equatorially.
Considering the lightuness of the gas, one might have expected
that it would have been drawn towards the axial line, as a
stream of rarefied air (if it could exist) would be. Its dia-
magnetic state, therefore, shows in a striking point of view,
that gases, like solids, have peculiar and distinctive degrees of
diamaguetic force.

Carbonic acid—This gas made a beautiful experiment.
The stream was delivered downwards a little on one side of
the axial line; a caich-tube was placed a little further out, so
that the stream should fall clear of it as long as there was ne
activity in the magnet. But on rendering the magnet efficient,
the stream left its vertical direction, passed equatorially, and
fell into the catch-tube; and by looking horizontally, éould
be seen flowing out at its lower extremity like a spring, and
falling away through the air. Again, the magnet was thrown
out of action, and a glass with lime-water placed beneath the
lower end of the ¢atch-tube ; no carbonic acid appeared there,
though the fluid in the glass was continually stirred; but the
instant the magnet was made, the carbonic acid appeared in
the catch-tube, fell into the glass and made the lime-water
turbid. This gas therefore is diamagnetic in air.

Carbonic oxide.—This gas was carefully freed from carbonic
acid before it was used. It was employed as a descending
stream, and was apparently very diamagnetic: but it is to be
remarked, that a substance which is so nearly the specific gra-
vity of atmospheric air is easily dispersed right and left in it,
and therefore that the facility of dispersion is not a correct
indication of the diamagnetic force. By introducing a little
smmonia into the mica chamber, it was, hiowever, easily seen
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that carbonic oxide was driven away equatorially with consi-
derable power; and I judge from the ‘appearance, that it is
more diamagnetic than carbonic acid.

Nitrous oxide.~—This gas was moderately, but clearly, dia-
magnetic in air, Much interest belongs to this and the other
compounds of nitrogen and oxygen, both because they contain
the same elements as air, and because of the relations of ni-
trogen and oxygen separately.

Nitric ozide—I tried this gas both as an up and down
current, but could not determine its magnetic condition, What
with the action of the oxygen of the air, the change of the
natare of the substances, and the heat produced, there was so
much incidental disturbance and so little effect due to magnetic
influence, that I could not be sure of the result. On the whole
it was very slightly diamagnetic; but so little, that the effect
might be due to the smoke particles which served to render it
visible.

Nitrous acid gas——Difficult to observe, but I believe it is
slightly magnetic in relation to air.

Olefiant gas was diamagnetic, and well so. The little dif-
ference in specific gravity of this gas and air, even creates a
difficulty in following the course of the olefiant gas, unless it
be watched for on every side.

Coal-gas.—The coal-gas of London is lighter than air, being
only about two-thirds in weight of the latter. It is very well
diamagnetic, and gives exceedingly good and distinet re-
salts.

Sulphurous acid gas is diamagneticin air. It was generated
in a small tube containing liquid sulphurous acid; this being
connected, in place of the gas bottle, with the delivery-tube
and mouthpiece by the vulcanized rubber tube. The presence
or absence of the gas in the catch-tube was well shown by
ammonia, and stiil better by litmus paper.

Muriatic acid.—The retort in which it was generated was
connected, as just described, with thedelivery-tube. The gas
was very decidedly diamagnetic in air,

Hydriodic acid was also diamagnetic in air. When there
was an abundant stream of gas, its entrance into and passage
through the side catch-tube, on rendering the magnet active,
was very striking, When there was less gas, the stream was
dispersed equatorially in all directions, and less entered the
tube.

Fluo-silicon.—Diamagnetic in air.

Ammonia.—This gas was evolved from materials in a retort,
and tested in the catch-tube above by muriatic acid in the
paper. It was well diamagnetic, corresponding in this respect
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with the character of its elements. It could also be very well
indicated by reddened litmus paper held over the tubes.

Chlorine was sent from the Woulf’s bottle apparatus, and
proved to be decidedly diamagnetic in air. Either ammonia by
its fumes, or litmus paper by its becoming bleached, served
to indicate the entrance of the chlorine into the side catch-
tube every time the magnet was rendered active.

Iodine.—A piece of glass tube was so shaped at its lower
extremity as to form a chamber for the reception of iodine,
which chamber had a prolonged mouth directed downwards
so as to deliver the vapour formed within. On putting a little
iodine into the chamber, then heating it, and especially the
mouth part, by a spirit-lamp, and afterwards inclining the
apparatus, abundance of the vapour of iodine was generated
as the substance flowed oun to the hotter parts, and passed in
a good stream from the mouth downwards. This purple
stream was diamagnetic in air, and could be seen flowing right
and left from the axial line, when not too dense.  If very dense
and heavy, its gravity was such as to make it break through
the axial line, notwithstanding the action of the magnet; still
it was manifest that iodine is diamagnetic to air.

Bromine.—A little bromine was put into the horizontal part
of the delivery tube, and then air passed over it by the apparatus
already described. So much bromine rose into vapour as to
make the air of a yellow colour, and caused it to fall well in
a stream by the axial line. A little ammonia delivered near
the magnetic field showed that this stream was diamagnetic,
and hence it may fairly be presumed that the pure vapour of
bromine would be diamagnetic also.

Cyanogen.—Strongly diamagnetic in air.

Taking air as the standard of comparison, it is very striking
to observe, that much as gases appear to differ one from an-
other in the degree of their diamagnetic condition, there are
very few that are not more diamagnetic thanit; and when the
investigation is carried forward into the relation of the two
chief constituents of air, oxygen and nitrogen, it is still more
striking to observe the very low condition of oxygen, which,
in fact, is the cause of the comparatively low condition of air.
Of all the vapours and gases yet tried, oxygen seems to be
that which has the least diamagnetic force. It is as yet a
question where it stands; for it may be as low as a vacuum,
or may even pass to the magnetic side of it, and experiment
does not as yet give an answer to the question. I believe it to
be diamagnetic; and this belief is strengthened by the action of
heat upon it, to be described hereafter; bat it is exceedingly low
in the scale, and far below chlorine,iodine,and such like bodies.
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All the compounds of oxygen and nitrogen seem to show
the influence of the presence of the oxygen. Nitrous acid
seems to be less diamagnetic than air. Nitric oxide mingled
with nitrous acid and warm, is about as air. Nitrous oxide is
clearly diamagnetic in air, though it contains more oxygen:
but it also contains more nitrogen than air, and is also denser
than it, so that there is more matter present; still I think
the results are in favour of the idea that oxygen is diamagnetic.
By referring to the relation of carbonic oxide to carbonic acid,
described further on, it will be seen that the addition of oxygen
seems to make a body less diamagnetic. But the truth may
be, not that oxygen is really magnetic, but that a compound
body possesses a specific diamagnetic torce, which is not the
sum of the forces of its particles.

It is very difficult to form more than a mere guess at the
relative degree of diamagnetic force possessed by different
gaseous bodies when they are examined only in air, because
of the many circumstances which tend to confuse the results.
First, there is the invisibility of the gas which deprives one of
the power of adjusting by sight so as to obtain the best effect :
then, there is the difference of gravity ; for if a gas ascend or
descend in a rapid stream, it may seem less deflected than
another flowing more slowly, though it be more diamagnetic;
and as to gases nearly of the specific gravity of air, whether
more or less diamagnetic, they are almost entirely dispersed in
different directions, so that little only enters the catch-tube.
Another modifying circumstance is the distance of the aperture
delivering gas from the axial line, which, to obtain the max-
imum effect, ought to vary with the gravity of the gases and
their diamagnetic force. Again, it is important that the mag-
netic field be not filled with the gas to be examined, and that
generally speaking only a moderate stream be employed; which
however must depend again upon the specific gravity.

The only correct way therefore of comparing two gases to-
gether is to experiment with them one in the other. For the
experiments made with gases, in gases or in air are differential,
and similar in their nature with those made on a former occasion
with solutions (Experimental Researches, 2362, &c.) ; I there-
fore changed the surrounding medium in a few experiments,
substituting other gases for air; and first chose carbonic acid
as a body easy to experiment with, and one that would, pro-
bably, be more powerfully than some other of the gases, dia-
magnetic (I speak as to the appearances or relative results only)
in air.

I constructed a kind of tray or box, by folding up a doubled
sheet of waxed paper; thus making a vessel thirteen inches
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long, five inches wide, and five inches high. This was placed
on the ends of the great magnet, and the terminal pieces of
iron before described, placed in it. The box was covered
over loosely by plates of mica, and formed a long square
chamber in which were contained the magnetic poles and field,
All the former arrangements in respect of the magnetic field,
the delivery-tube, the catch-tubes, &c., were then made ; and,
lastly, the box was filled with carhonic acid by a tube, which
entered it at one corner; and was, from time to time, supplied
with a fresh portion of gas, as the previous contents became
diluted with gases or air. Everything answered perfectly,
and the following results were easily obtained.

Air passed axially, being less diamagnetic than carbonic
acid gas.

Ozygen passed to the magnetic axis, as was to be expected.

Nitrogen went equatorially, being therefore diamagnetic,
even in carbonic acid.

Hydrogen, coal-gas, olefiant gas, muriatic acid and ammonia
passed equatorially in carbonic acid, and were fairly diamag-
netic in relation to i.

Carbanic oxide was very fairly diamagnetic in carbonic acid
gas. Here the effect of oxygen seems to be very well illus-
trated. Equal volumes of carbonic oxide and carbonic acid
contain equal quantities of carbon; but the former contains
only half as much oxygen as the latter, Yet it is more dia~
magnetic than the latter; so, that, though an additional volume
and quantity of oxygen, equal to that in the carbonic oxide, is
in the carbonic acid added and compresed into it, it does not
add to, but actually takes from, the diamaguetic force.

Nitrous oxide appears to be slightly diamagnetic in relation
to carbonic acid ; but nitric oxide gas was in the contrary re-
lation and passed towards the axial line. ,

Hence it seems that carbonic acid, though more diamag-
netic than air, is not far removed from it in that respect ; and
this position it probably holds because of the quantity of
oxygen in it. 'The apparent place of nitrous oxide close to it
appears, in a great measure, to depend on the same circum-
stance of oxygen entering largely into its composition.  Still
it is manifest that the action is not directly as the oxygen, for
then common air would be more diamagnetic than either of
them, It seems rather that the forces are modified, as in the
case also of iron and oxygen, and that each compound body
has its peculiar but constant intensity of action.

In order to make similar experiments in light gases, the
two terminal pieces of the magnet were raised, so that they
might be covered by a French glass shade, which, with its
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stand, made a very good chamber about them. The pipe to
supply and change the gaseous medium, and also that for
bringing the gas under trial as a stream into the magnetic
field, passed through holes made in the bottom of the stand.
The different gases to be compared with those employed as
media, were, except in the cases of ammonia and chlorine,
mingled with a trace of muriatic acid, as before described.
The gaseous media used were two, coal-gas and hydrogen.
Whilst using coal-gas, I observed the direction of the currents
of the other gases in it by bringing a little piece of paper, at the
end of a wire and dipped in ammonia solution, near the stream.
In the case of the hydrogen, I diffused a little ammonia through
the whole of the gas in the first instance.

Air passed towards the axial line in coal-gas, but was not
much affected.

Oxygen had the appearance of being strongly magnetic in
coal-gas, passing with great impetuosity to the maguetic axis,
and clinging about it; and if much muriate of ammonia fume
were purposely formed at the time, it was carried by the oxygen
to the magnetic field with such force as to hide the ends of the
magnetic poles. If then the magnetic action were suspended
for a moment, this cloud descended by its gravity ; but being
quite below the poles, if the magnet were again rendered active,
the oxygen cloud immediately started up and took its former
place. The attraction of iron filings to a magnetic pole is not
more striking than the appearance presented by the oxygen
under these circumstances.

Nitrogen.—Clearly diamagnetic in coal-gas.

Olefiant, carbonic oxide, and carbonic acid gases were all
slightly, but more or less diamagnetic in the coal-gas,

On substituting hydrogen as the surrounding medium in
place of coal-gas, more care was taken in the experiments.
Each gas experimented upon was tried in it twice at least;
first in the hydrogen of a previous experiment, and then in a
new atmosphere of hydrogen.

Air—Air passes axially in hydrogen when there is very
little smoke in it: when there is much smoke in the stream
the latter is either indifferent or tends to pass equatorially, I
believe that air and hydrogen cannot be far from each other.

Nitrogen is strikingly diamagnetic in hydrogen.

Oxygen is as strikingly magnetic in relation to hydrogen.
It presented the appearances already described as occuiring
in coal-gas; but as the jet delivered the descending stream
of oxygen a little on one side of the axial line, its centrifugal
power, in relation to the axial line, was so balanced by the
centripetal power produced by the magnetic action, that the
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stream at first revolved in a regular ring round the axial line,
and produced a cloud that continued to spin round it as long as
the magnetic force was continued, but fell down to the bottom
of the chamber when that force was removed.

Nitrous oxide~This gas was clearly diamaguetic in the
hydrogen, and gave rise to a very beautiful result in conse-
quence of its following the oxygen; for at the beginning of
the experiment, the little oxygen contained in the conducting
tube passed axially; but the instant that was expelled, and the
nitrous oxide issued forth, the stream changed its direction,
and passed off diamagnetically in the most striking maunner.

Nitric oxide.—This gas passed equally in hydrogen, and
therefore is magnetic in relation to it.

Ammonia.— Diamagnetic in hydrogen.

Carbonic oxide, carbonic acid, and olefiant gases were dia-
magnetic in hydrogen; the last most so, and the carbonic acid
apparently the least.

Chlorine was slightly diamagnetic in hydrogen. It was
clearly so; but the cloudy particles might conduce much to
the small effect produced.

Muriatic acid gas.—1I think it was a little diamagnetic in
the hydrogen.

Notwithstanding the many disturbing causes which interfere
with first and hasty experiments of this kind, and produce
results which occasionally cross and contradict each other, still
there are some very striking considerations which arise in
comparing the gases with each other at the same temperature.
Foremost amongst these is the place of oxygen; for of all the
gaseous bodies yet tried it is the least diamagnetic, and seems
in this respect to stand far apart from the rest of them. The
condition of nitrogen, as being highly diamaguetic, is also im-
portant. The place of hydrogen, as being less diamagnetic than
nitrogen, and of chlorine, which, instead of approaching to
oxygen, is above hydrogen, and also of iodine, which is pro-
bably far above chlorine, are marked circumstances.

Air of course owes its place to the proportion and the indi-
vidnal diamagnetic character of the oxygen and nitrogen in it.
The great difference existing between these two bodies in re-
spect of magnetic relation, and the striking effect presented by
oxygen in coal-gas and hydrogen, bodies not far removed from
nitrogen in diamagunetic force, made me think it might not be
impossible to separate air into its two chief constituents by
magnetic force alone. I made an experiment for this purpose
but did not succeed ; but I am not convinced that it cannot
be done. For since we can actually distinguish certain gases,
and especially these by their magnetic properties, it does not
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seem impossible that sufficient power might cause their sepa-
ration from a state of mixture.

In the course of these experiments I subjected several of
the gases to heat, to ascertain whether they generally under-
went the same exaltation of their diamagnetic power which oc-
curred with common air. For this purpose a helix of platina
wire was placed in the mouth of the delivering tube, which
itself was placed below the magnetic axis between the poles.
The helix could be raised to any temperature by a little vol-
taic battery, and any gas could be sent through it and upwards
across the magnetic field by means of the Woulf’s bottle ap-
paratus already described. It was easy to ascertain whether
the gas went directly up between the poles, or, on making the
magnet, left that direction and formed two equatorial side-
streams, either by the sensation on the finger, or by a spiral
thermoscope formed of a compound lamina of platinum and
silver placed in a tube above. In every case the hot gas was
diamagnetic in the air, and I think far more so than if the gas
had been at common temperatures. The gases tried were as
follows : oxygen, nitrogen, hydrogen, nitrous oxide, carbonic
acid, muriatic acid, ammonia, coal-gas, olefiant gas.

But as in these experiments the surrounding air would, of
necessity, mingle with the gas first heated, and so form, in
fact, a part of the heated stream, I arranged the platinum
helix so that I could heat it in a given gas, and thus compare
the same gas at different temperatures with itself.

A stream of hot oxygen in cold oxygen was powerfully
diamagnetic. The effect and its degree may be judged of by
the following circumstances. 'When the platinum helix below
the axial line was ignited, the effect of heat on the indicating
compound spiral, placed in a tube over the axial line, was
such as to cause its lower extremity to pass through one and
a half revolutions, or 540°: when the magnetic force was
rendered active, the spiral returned through all these degrees
to its first position, as if the ignited helix below had been
lowered to the common temperature or taken away; and, yet
in respect of it, nothing had been changed. On rendering
the magnet inactive, the current of hot oxygen instantly re-
sumed its perpendicular course and affected the thermoscope
as before.

On experimenting with carbonic acid, it was found that
hot carbonic acid was diamagnetic to cold carbonic acid; and
the effects were apparently as great in amount as in oxygen,

On making the same arrangement in hydrogen, 1 failed to
obtain any result regarding the relation of the hot and cold

as, for this reason:—that I could not, in any case, either
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with or without the magnetic action, obtain any signs of heat
on the thermoscopic spiral above, even when the platinum
helix, not more than an inch below it, was uvearly white hot.
This effect is, I think, greatly dependent upon the rapidity
with which hydrogen is heated and cooled in comparison with
other gases, and also upon the vicinity of the cold masses of
iron forming the magnetic poles, between which the hot gas
has to pass in its way upwards: and it is most probably con-
nected with the fact observed by Mr. Grove of the difficulty
of igniting a platinum wire in hydrogen.

When the igniting helix was placed in coal-gas, it was
found that the hot gas was diamagnetic to that which was
cold; as in all the other cases. Here, again, an effect like
that which was observed in hydrogen occurred; for when
there was no magnetic action, the ascending stream of hot
coal-gas could cause the thermoscopic spiral to revolve through
only 280° or 300°, in place of above 540°; through which it
could pass when the surrounding gas was oxygen, air, or
carbonic acid ; and that even when the helix was at a higher
temperature in the coal-gas than in any of these gases.

The proof is clear then that oxygen, carbonic acid, and
coal-gas, are more diamagnetic hot than cold. The same is
the case with air; and as air consists of four-fifths nitrogen
and only one-fifth oxygen, and yet shows an effect of this
kind as strongly as oxygen, it is manifest that nitrogen also
has the same relation when hot and cold.

Of the other gases also I have no doubt ; though to be quite
certain, they ought to be tried in atmospheres of their own
substance, or else in gases more diamagnetic at common tem-
peratures than they. The olefiant and coal-gases in air easily
bore the elevation of the helix to a full red heat, without in-~
flaming when out of the exit-tube: the hydrogen required that
the helix should be at a lower temperature. Mouriatic acid
and ammonia showed the division of the one stream into two,
very beautifully, on holding blue and red litmus paper above.

There is another mode of observing the diamagnetic con-
dition of flame, and experimenting with the various gases,
which is sometimes useful, and should always be understood,
lest it inadvertently might Jead to confusion. I have a pair of
terminal magnetic poles which are pierced in a herizontal
direction, that a ray of light may pass through them. The
opposed faces of these vertical poles are not, as in the former
case, the rounded ends of cones; but, though rounded at the
edges, may be considered as flat over an extent of surface an
inch in diameter. 'Fhe pierced passages are in the form of
cones, the truncation of which in this flat surface is rather
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more than half an inch in diameter. When these poles were
in their place, and from 0°3 to 0'4 of an inch apart, a taper
flame, burning freely between them, was for a few moments
unaffected by throwing the magnet into action; but then it
suddenly changed its form, and extending itself axially, threw
off two horizontal tongues, which entered the passages in the
poles; and thus it continued as long as the magnetism continued,
and no part of it passed equatorially.

On using a large flame made with the cotton ball and zther,
two arms could be thrown off from the flame by the force of
the magnetism, which passed in an equatorial direction, as
before; and other two parts entered the passages in the mag-
netic poles, and actually issued out occasionally at their further
extremities.

When the poles were about 0°25 of an inch apart, and the
smoking taper was placed in the middle between them level
with the centres of the passages, the effect was very good ; for
the smoke passed axially and issued out at the further ends of
the pole passages.

Coal-gas delivered in the same place also passed axially,
i. e. into the pole passages and parallel to the line joining them.

A little consideration easily leads to the true cause of these
effects, and shows that they are not inconsistent with the
former results. The law of all these actions is, that if a par-
ticle, placed amongst other particles, be more diamagnetic (or
less magnetic) than them, and free to move, it will go from
strong to weaker places of magnetic action; also, that particles
less diamagnetic will go from weaker to stronger places of
action. Now with the poles just described, the line or lines
of maximum force, are not coincident with the axis of the
holes pierced in the poles, but lie in a circle having a diameter,
probably, a little larger than the diameter of the holes; and
the lines within that circle will be of lesser power, diminishing
in force towards the centre. A hot particle therefore within
that circle will be driven inwards, and, being urged by succes-
sive portions of matter driven also inwards, will find its way
out at the other ends of the passages, and therefore seem to go
in an axial direction; whilst a hot particle outside of that
circle of lines of maximum force will be drivenoutwards, and so,
with others, will form the two tongues of flame which pass off
in the equatorial direction. By bringing the glowing taper to
different parts, the circle of lines of maximum magnetic inten-
sity can be very beautifully traced ; and by placing the taper
inside or outside of that circle, the smoke could be made to pass
axially or equatorially at pleasure.

I arranged an apparatus onEthis principle for trying the

2 k2
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gases, but did not find it better than, or so good as, the one
I have described.

Such are the results I have obtained in verifying and ex-~
tending the discovery made by P. Bancalari. 1 would have
pursued them much further, but my present state of health
will not permit it: I therefore send them to you with, probably,
many imperfections. It is now almost proved that many
gaseous bodies are diamagnetic in their relations, and probably
all will be found to be so. I say almost proved; for it is not,
as yet, proved in fact. That many, and most, gaseous bodies
are subject to magnetic force is proved; but the zero is not
yet distinguished.  Now, until it is distinguished, we cannot
tell which gaseous bodies will rank as diamagnetic and which
as magnetic; and, also, whether there may not be some
standing at zero. There is evidently no natural impossibility
to some gases or vapours being magnetic, or that some should
be neither magnetic nor diamagnetic. It is the province of
experiment to decide such points; and the affirmative or ne-
gative may not be asserted before such proof is given, though
it may, very philosophically, be believed.

For myself 1 have always believed that the zero was re-
presented by a vacuum, and that no body really stood with
it. But though I have only guarded myself from asserting
more than I knew, Zantedeschi (and I think also De la Rive),
with some others, seem to think that I have asserted the gases
are not subject to magnetic action ; whereas I only wished to
say that I could not find that they were, and perhaps were
not: I will therefore quote a few of my words from the Ex-
perimental Researches. Speaking of the preparation of a
liquid medium at zero, I say, ¢ Thus a fluid medium was ob-
tained, which practically, as far as I could perceive, had every
magnetic character and effect of a gas, and even of a vacuum,
&c.”—~Experimental Researches, 2423. Again, at (2433) I
say, ‘At one time I looked to air and gases as the bodies
which allowing attenuation of their substance without addition,
would permit of the observation of corresponding variations
in their magnetic properties, but now all such power by rare-
faction appears to be taken away.” And further down at(2435),
““ Whether the negative results obtained by the use of gases
and vapours depend upon the smaller quantity of matter in a
given volume, or whether they are the direct consequences of
the altered physical condition of the substance, is a point of
very great importance to the theory of magnetism. I have
imagined in elucidation of the subject an experiment, &c., but
expect to find great difficulty in carrying it into execution, &c.”
Happily P. Bancalari’s discovery has now settled this matter
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for us in a most satisfactory manner. But where the true
zero is, or that every body is more or less removed from it on
one side or the other, is not, as yet, experimentally shown or
proved.

I cannot conclude this letter without expressing a hope that
since gases are shown to be magnetically affected, they will
also shortly be found, when under magnetic influence, to have
the power of affecting light (Experimental Researches, 2186,
2212). Neither can I refrain from signalizing the very re-
markable and direct relation between the forces of heat and
magnetism which is presented in the experiments on flame,
and heated air and gases. I did not find on a former occasion
(Experimental Researches, 2397) that solid diamagnetic
bodies were sensibly affected by heat, but shall repeat the ex-
periments and make more extensive ones, if the Italian philo-
sophers have not already done so. In reference to the effect
upon the diamagnetic gases, it may be observed that, speaking
generally, it is in the same direction as that of heat upon iron,
nickel and cobalt; i. e. heat tends in the two sets of cases,
either to the diminution of magnetic force, or the increase of
diamagnetic force ; but the results are too few to allow of any
general conclusion as yet.

As air at different temperatures has different diamaguetic
relations, and as the atmosphere is at different temperatures
in the upper and lower strata, such conditions may have some
general influence and effect upon itsfinal motion and action, sub-
ject as it is continually to the magnetic influence of the earth.

I have for the sake of brevity frequently spoken in this
letter of bodies as being magnetic or diamagnetic in relation
one to another, but I trust that in ali the cases no mistake of
my meaning could arise from such use of the terms, or any
vague notion arise respecting the clear distinction between
the two classes, especially as my view of the true zero has
been given only a page or two back.

I am, my dear Sir,
Yours, &c.,
Richard Taylor, Esq., M. Farapay.
Ed, Phil. Mag., §c. &c.

LXV. On the Motions presented by Flame when under the
Electro-Magnetic Influence. By Prof. ZaANTEDESCHI.

THE most eminent philosophers have at all times maintained
the universality of the magnetism of bodies*; and in
our days Faraday is the only one who has placed the expansi-

* Raccolta Fisico-Chimica Italiana, t. iii. Dei corpi magnetici e dia-
magnetici,



