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(1) ‘ON THE ELECTRIFICATION OF AIR.'*

§ 1. ConTINUOUS observation of natural
atmospheric electricity has given ample
proof that cloudless. air at moderate heights
above the earth’s surface, in all weathers,

* Two communications by Lord Kelvin, P.R.8.,
to the Philosophical Society of Glasgow, meeting in
the Natural Philosophy lecture-room of the Univer-
sity of Glasgow, March 27, ‘On the Electrification of

is electrified with very far from homogene-
ous distribution of electric density. Ob-
serving, at many times from May till Sep-
tember, 1859, with my portable electrometer
on a flat open sea-beach of Brodick Bay in
the Island of Arran, in ordinary fair weather
at all hours of the day, I found the differ-
ence of potentials, between the earth and an
insulated burning match at a height of 9
feet above it (2 feet from the uninsulated
metal case of the instrument, held over the
head of the observer), to vary from 200 to’
400 Daniell’s elements, or as we may now
say volts, and often during light breezes
from the east and noitheast it went up to’
3,000 or 4,000 volts. In that place, and in
fair weather, I never found the potential
other than positive (never negative, never
even down to zero), if for brevity we call
the earth’s potential at the place zero. In
perfectly clear weather under a sky some-
times cloudless, more generally somewhat
clouded, I often observed the potential at
the 9 feet height to vary from about 300
volts gradually to three or four times that
amount, and gradually back again to nearly
the same lower value in the course of about
two minutes.* I inferred that these grad-
ual variations must have been produced by

Air’; ‘On the Thermal Conductivity of Rock at Dif-
ferent Temperatures.” Printed from proof sheets for
Nature contributed by the author.

* ¢ Electrostatics and Magnetism,” Sir William
Thomson. xvi. ¢4 281, 282.
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electrified masses of air moving past the
place of observation. I did not remark
then, but I now see, that the electricity in
these moving masses of air must, in all
probability, have been chiefly positive to
cause the variations which I observed, as I
shall explain to you a little later.

§ 2. Soon after that time a recording at-
mospheric electrometer * which I devised,
to show by a photographic curve the con-
tinuous variation of electric potential at a
fixed point, was established at the Kew
Meteorological Observatory, and has been
kept in regular action from the commence-
ment of the year 1861 till the present time.
It showed incessant variations quite of the
same character, though not often as large,
as those which I had observed on the sea-
beach of Arran.

Through the kindness of, the Astronomer
Royal, I am able to place before you this
evening the photographic curves for the
year 1893, produced by a similar recording
electrometer which has been in action for
many years at the Royal Observatory,
Geeenwich. They show, as you see, not
infrequently, during several hours of the
day or night, negative potential and rapid
transitions from large positive to large
negative. Those were certainly times of
broken weather, with at least showers of
rain, or snow, or hail. But throughout a
very large proportion of the whole time the
curve quite answers to the description of
what I observed on the Arran sea-beach
thirty-six years ago, except that the varia-
tions which it shows are not often of so
large amount in proportion to the mean or
to the minimums.

§ 3. Thinking over the subject now, we
see that the gradual variations, minute af-
ter minute through so wide a range as the
3 or 4 to 1, which I frequently observed,
and not infrequently rising to twenty times
the ordinary minimum, must have been due

* ¢ Electrostatics and Magnetism.’
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to positively electrified masses of air, within
a few hundred feet of the place of observa-
tion, wafted along with the gentle winds of
5 or 10 or 15 feet per second which were
blowing at the time. If any comparably
large quantities of negatively electrified air
had been similarly carried past, it is quite
certain that the minimum observed poten-
tial, instead of being in every case positive,
would have been frequently large negative.

§4. Two fundamental questions in re-
spect to the atmospheric electricity of fair
weather force themselves on our attention:—
(1) What is the cause of the prevalent posi-
tive potential in the air near the earth, the
earth’s potential being called zero? (2)
How comes the lower air to be electrified
to different electric densities whether posi-
tive or negative in different parts? Obser-
vations and laboratory experiments made
within the last six or eight years, and par-
ticularly two remarkable discoveries made
by Lenard, which I am going to describe to
you, have contributed largely to answering
the second of these questions.

§ 5. In an article ‘On the Electrification
of Air by a Water-jet,” by Magnus Mac-
lean and Makita Goto,* experiments were
described showing air to be negatively elec-
trified by a jet of water shot vertically
down through it from a fine nozzle into a
basin of water about 60 centimeters below it.
It seemed natural to suppose that the ob-
served electrification was produced by the
rush of the fine drops through the air; but
Lenard conclusively proved, by elaborate
and searching experiments, that it was in
reality due chiefly, if not wholly, to the
violent commotions of the drops impinging
on the water surface of the receiving basin,
and he found that the negative electrifica-
tion of the air was greater when they were
allowed to fall on a hard slab of any material
thoroughly wetted by water than when they
fell on a yielding surface of water several

* Philosophical Magazine, 1890, second half-year.
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centimeters deep. He had been engaged in
studying the great negative potential which
had been found in air in the neighborhood of
waterfalls, and which had generally been
attributed to the inductive action of the
ordinary fine weather electric force, giving
-negative electricity to each drop of water-
spray before it breaks away from conduct-
ing communication with the earth. Before
he knew Maclean and Goto’s paper, he had
found strong reason for believing that that
theory was not correct, and that the true
explanation of the electrification of the air
must be found in some physical action not
hitherto discovered. A less thorough in-
quirer might have been satisfied with the
simple explanation of the electricity of
waterfalls naturally suggested by Maclean
and Goto’s result, and might have rested in
the belief that it was due to an electrifying
effect produced by the rush of the broken
water through the air; but Lenard made an
independent experimental investigation in
the Physical Laboratories of Heidelberg and
Bonn, by which he learned that the seat of

the negative electrification of the air electri-

fied is the lacerated water at the foot of the
fall, or at any rocks against which the water
impinges, and not the multitudinous inter-
faces between air and water falling freely in
in drops through it.

§ 6. It still seems worthy of searching in-
quiry to find electrification of air by water
falling in drops through it, even though we
now know that if there is any such electrifi-
cation it is not the main cause of the great
negative electrification of air which has been
found in the neighborhood of waterfalls.
For this purpose an experiment has been
very recently mhade by Mr. Maclean, Mr.
Galt and myself, in the course of an investi-
gation regarding electrification and diselec-
trification of air with which we have been oc-
cupied for more than a year.. Theapparatus
which we used is before you. It consists of
‘a quadrant electrometer connected with an
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insulated electric filter* applied to test
the electrification of air drawn from differ-
ent parts of a tinned iron funnel, 187 centi-
meters long and 15 centimeters diameter,

fixed in a.vertical position w1th its lower
-end open and its upper end closed, except a
.glassnozzle, of 1.6mm. aperture admitting

a jet of Glasgow supply water (from Loch
Katrine) shot vertically down along its
axis. The electric filter (r in the draw-
ing), a simplified and improved .form of
that described in the Proceedings of the
Royal Society for March 21, consists of
twelve circles of fine wire gauze rammed as
close as possible together in the middle of a
piece of block tin pipeof 1 cm. bore and 2 cm.
length. One end of it is stuck into one end
of a perforation through a block of paraffin,
K, which supports it. The other end ()
of this perforation is connected by block
tin pipe (which in the apparatus actually
employed was 43 meters long, but might
have been shorter), and india-rubber tubing
through bellows to one or other: of two
short outlet pipes (m and P) projecting from
the large funnel.

7. We first applied the india-rubber
pipe to draw air from the funnel at the
upper outlet, p, and made many experi-
ments to test the electricity given by it to
the receiving filter, r, under various condi-
tions as to the water-jet ; the bellows being
worked as uniformly as the operator could.
‘When the water fell fairly through the fun-
nel with no drops striking it, and through
90 cm. of free air below its mouth, a small
negative electrification of B was in every
case observed (which we thought might.
possibly be attributable to electrification of
air where the water was caught in a basin

about 90 cm. below the mouth of the

funnel). But when the funnel was slanted
so that the whole shower of drops from
the jet, or even a small part of it, struck

*Kelvin, Maclean, Galt, ‘On the Diselectrification
of Air.” .Proc. Roy. Soc., March 14, 1895.
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the inside of the funnel the negative
electrification of rB was largely increased.
So it was also when the shower, after falling
freely down the middle of the funnel, im-
pinged on a metal plate in metallic com-
munication with the funnel, held close under
its mouth, or 10 or 20 cm. below it. For
example, in a series of experiments made

< Loch Katrine Supply

P

fe--ccc-------187 Cms. -

€ - - - -

last;Monday (March 25), we found .28 of a
volt in 15 minutes with no obstruction to
the shower ; and 4.18 volts in five minutes,
with a metal plate held three or four centi-
meters below the mouth of the funnel; the
air being drawn from the upper outlet (®).
Immediately after, with p closed, and air
drawn from the lower outlet (31),but all other
circumstances the same, we found .20 of a
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volt in five minutes with no obstruction ;
and 6.78 volts in five minutes with the
metal plate held below the mouth as before.

§ 8. These results, and others which we
have found, with many variations of de-
tail, confirm, by direct test of air drawn
away from the neighborhood of the water-
fall through a narrow pipe to a distant

i)

7 AT T

I
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electrometer, Lenard’s conclusion that a
preponderatingly strong negative electrifi-
cation is given to the air at every place of
violent impact of a drop against a water-
surface or against a wet solid. But they
do not prove that there is no electrification
of air by drops of water falling through it.
We always found, in every trial, decisive
proof of negative electrification; though of
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comparatively small amount when there
was no obstruction to the shower between
the mouth of the funnel and the catching
basin 90 cm. below it. We intend to con-
tinue the investigation, with the shower
falling freely far enough down from the
mouth of the funnel to make quite sure
that the air which we draw off from any
part of -the funnel is not sensibly affected
by impact of the drops on anything be-
low.

§ 9. The other discovery * of Lenard, of
which I told you, is that the negative elec-
trification of air, in his experiments with
pure water, is diminished greatly by very
small quantities of common salt dissolved
in it, that is brought to nothing by .011 per
cent.; that positive electrification is produced
in the air when there is more than .011 per
cent. of salt in the water, reaching a maxi-
mum with about 5 per cent. of salt, when
the positive electrical effect is about equal
to the negative effect observed with pure
water, and falling to 14 per cent. of this
amount when there is 25 per cent. of salt
in the solution. Hence sea-water, contain-
ing as it does, about 3 per cent. of common
salt, may be expected to give almost as
strong positive electrification to air as pure
water would give of negative in similar cir-
cumstances as to commotion. ILenard in-
fers that breaking waves of the sea must
give positive electricity to the air over
them; he finds, in fact, a recorded observa-
tion by Exner, on the coast of Ceylon,
showing the normal positive electric poten-
tial of the air to be notably increased by a
storm at sea. I believe Lenard’s discovery
fully explains also some very interesting
observations of atmospheric electricity of
my own, which I described in a letter
to Dr. Joule, which he published in the
Proceedings of the Literary and Philo-

* ¢Ueber die Electricitit der Wasserfille.” Table
xvii. p. 228.  Annalen der Physik und Chemie, 1892,
vol. xlvi.
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sophical Society of Manchester for Octo-
ber 18, 1859. * ¢ The atmospheric effect
ranged from 30° to about 420° [of a heteros-
tatic torsion electrometer of ‘the divided-
ring ’ species] during the four days which I
had to test it ; that is to say, the electro-
metric force per foot of air, measured hori-
zontally from the side of the house, was
from 9 to above 126 zinc-copper water cells.
The weather was almost perfectly settled,
either calm, or with slight east wind, and
in general an easterly haze in the air.
The electrometer twice within half an hour
went above 420°, there being at the time a
fresh temporary breeze from the east.
‘What I had previously observed regarding
the effect of east wind was amply confirmed.
Invariably the electrometer showed very
high positive in fine weather, before and
during east wind. It generally rose very
much shortly before a slight puff of wind
from that quarter, and continued high till
the breeze would begin to abate. I never
once observed the electrometer going up
unusually high during fair weather without
east wind following immediately. One
evening in August I did not perceive the
east wind at all, when warned by the
electrometer to expect it; but I took the
precaution of bringing my boat up to a safe
part of the beach, and immediately found
by waves coming in that the wind must be
blowing a short distance out at sea, al-
though it did not get so far as the shore
. . . . On two different mornings the ratio
of the house to a station about sixty yards
distant on the road beside the sea was .97
and ‘96 respectively. On the afternoon of
the 11th inst, during a fresh temporary
breeze of east wind, blowing up a little
spray as far as the road station, most of
which would fall short of the house, the
ratio was 1.08 in favour of the house electro-
meter—both standing at the time very

* Republished in ‘ Electrostatics and Magnetism.’
¢ Atmospheric Electricity,’ xvi. § 262.
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high—the house about 350°. I have little
doubt but that this was owing to the nega-
tive electricity carried by the spray from
the sea, which would diminish relatively
the indications of the road electrometer.”

§10. The negative electricity spoken of
in this last sentence, ‘as carried by the
spray from the sea,” was certainly due to
the inductive effect of the ordinary electro-
static force in the air close above the water,
by which every drop or splash breaking
away from the surface must become nega-
tively electrified ; but this only partially
explains the difference which I observed
between the road station and the house
station. We now know, by the second of
Lenard’s two discoveries, to which I have
alluded, that every drop of the salt water
spray, falling on the ground or rocks
wetted by it, must have given positive
electricity to the adjoining air. The air,
thus positively electrified, was carried to-
wards and over the house by the on-shore
east wind which was blowing. Thus, while
the road electrometer under the spray
showed less electrostatic force than would
have been found in the air over it and above
the spray, the house electrometer showed
greater electrostatic force because of the
positively electrified air blowing over the
house from the wet ground struck by the
spray.

§ 11. The strong positive electricity,
which as described in my letter to Joule, I
always found in Arran with east wind,
seemed at first to be an attribute of wind
from that quarter. But I soon found that
in other localities east wind did not give
any very notable augmentation, nor per-
haps any augmentation at all, of the ordi-
nary fair weather positive electric force, and
for a long time I have had the impression
that what I observed in this respect, on the
sea-beach of Brodick Bay in Arran, was
really due to the twelve nautical miles of
sea between it and the Ayrshire coast, east-
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north-east of it; and now it seems to me
more probable than ever that this is the ex-
planation when we know from Lenard that
the countless breaking waves, such as even
a gentle east wind produces over the sea
between Ardrossan and Brodick, must ev-
ery one of them give some positive elec-
tricity to the air wherever a spherule of
spray falls upon unbroken water. It be-

.comes now a more and more interesting

subject for observation (which I hope may
be taken up by naturalists having the op-
portunity) to find whether or not the ordi-
nary fine weather positive electric force at
the sea coast in various localities is in-
creased by gentle or by strong winds from
the sea, whether north, south, east or west
of the land.

§12. From Lenard’s investigation we
now know that every drop of rain falling on
the ground or on the sea,* and every drop
of fresh water spray of a breaking wave,
falling on a fresh water lake, sends negative
electricity from the water surface to the air;
and we know that every drop of salt water,
falling on the sea from breaking waves,
sends positive electricity into the air from
the water surface. Lenard remarks that
more than two-thirds of the earth’s surface
is sea, and suggests that breaking sea-
waves may give contributions of positive
electricity to the air which may possibly
preponderate over the negative electricity
given to it from other sources, and may
thus be the determining cause of the nor-
mal fair weather positive of natural atmos-
pheric electricity. It seems to me highly
probable that this preponderance is real for
atmospheric electricity at sea. In average
weather, all the year round, sailors in very
small vessels are more wet by sea-spray
than by rain, and I think it almost certain
that more positive electricity is given to the
air by breaking waves than negative elec-

* ¢Ueber die Electricitit der Wasserfille.” Annal-
en der Physik und Chemaie, 1892, vol. x1vi., p. 631.
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tricity by rain. It seems also probable that
the positive electricity from the waves is
much more carried.up by strong winds to
considerable heights above the sea than
the negative electricity given to the air by
rain falling on the sea ; the greater part of
which may be quickly lost into the sea, and
but a small part carried up to great heights.
But it seems to me almost certain that
the exceedingly rapid recovery of the nor-
mal fair weather positive, after the smaller
positive or the negative atmospheric elec-
tricity of broken weather, which was first
found by Beccaria in Italy 120 years ago,
and which has been amply verified in Scot-
land and England, *could not be accounted
for by positively electrified air coming from
the sea. Even at Beccaria’s Observatory, at
Garzegna di Mondovi in Piedmont,or at Kew
or Greenwich or Glasgow, we should often
have to wait a very long time for reinstate-
ment of the normal positive after broken
weather, if it could only come in virtue of
positively electrified air blowing over the
place from the sea; and several days, at
least, would have to pass before this result
could possibly be obtained in the centre of
Europe.

§13. It has indeed always seemed to me
probable that the rain itself is the real
restorer of the normal fair weather positive.

Rain or snow, condensing out of the air

high up in the clouds, must itself, I believe,
become positively electrified as it grows,
and must leave positive electricity in the
air from which it falls. Thus rain falling
from negatively electrified air would leaveit
less negatively electrified, or non-electrified
or positively electrified ; rain falling from
non-electrified air would leave it positively
electrified ; and rain falling from positively
electrified air would leave it with more of
positive electricity than it had before it
lost water from its composition. Several
times within the last thirty years I have
. *{Electrostatics and Magneticism,’ XVI.,  287.
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made imperfect and unsuccessful attempts
to verify this hypothesis by laboratory ex-
periments, and it still remains unproved.
But.I am much interested just now to find
some degree of observational confirmation
of it in Elster and Geitel’s large and care-
ful investigation of the electricity produced
in an insulated basin by rain or snow fall-
ing into it, which they described in a com-
munication published in the Sitzungsberichte
of the Vienna Academy of Sciences, of May,
1890. They find generally a large electri-
cal effect, whether positive or negative, by
rain or snow falling into the basin for even
so short a time as a quarter of a minute,
with however, on a whole, a preponderance
of negative electrification.

§ 14. But my subject this evening is not
merely natural atmospheric electricity, al-
though this is certainly by far the most
interesting to mankind of all hitherto known
effects of the electrification of air. I shall
conclude by telling you very briefly, and
without detail, something of new experi-
mental results regarding electrification and
diselectrification of air, found within the
last few months in our laboratory here by
Mr. Maclean, Mr. Galt and myself. We
hope before the end of the present session
of the Royal Society to be able to communi-
cate a sufficiently full account of our work.

§156. Air blown from an uninsulated
tube, so as to rise in bubbles through
pure water in an uninsulated vessel, and
carried through an insulated pipe to the
electric receiving filter, of which I have al-
ready told you, gives negative electricity to
the filter. With a small quantity of salt
dissolved in the water, or sea water sub-
stituted for fresh water, it gives positive
electricity to the air. There can be no
doubt but these results are due to the same
physical cause as Lenard’s negative and
positive electrification of air by the impact
of drops of fresh water or of salt water on a
surface of water or wet solid.
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§ 16. A small quantity of fresh water or
salt water shaken up vehemently with air
in a corked bottle electrifies the air, fresh
water negatively, salt water positively. A
‘Winchester quart’ bottle (of which the
cubic contents is about two litres and a
half ), with one-fourth of a litre of fresh or
salt water poured into it, and closed by an
india-rubber cork, serves very well for the
experiment. After shaking it vehemently
till the whole water is filled with fine bub-
bles of air, we leave it till all the bubbles
have risen and the liquid is at rest, then
take out the cork, put in a metal or india-
rubber pipe, and by double-acting bellows
draw off the air and send it through the
electric filter. We find the electric effect,
negative or positive, according as the water
is fresh or salt, shown very decidedly by
the quadrant electrometer; and this, even
if we have kept the bottle corked for two
or three minutes after the liquid has come
to rest before we take out the ecork and
draw off the air.

§ 17. An insulated spirit lamp or hydro-
gen lamp being connected with the positive
or with the negative terminal of a little
Voss electric machine, its fumes (products
of combustion mixed with air) sent through
a block-tin pipe, four meters long, and one
centimeter bore, ending with a short insu-

lating tunnel of paraffin and the electric .

filter, gives strong positive or strong nega-
tive electricity to the filter.

§ 18. Using the little biscuit-canister and
electrified needle, as described in our ¢ com-
munication ’ * to the Royal Society ‘ On the
Diselectrification of Air,” but altered to
have two insulated needles with varied dis-
tances of from a half a centimeter to two
or three centimeters between them, we find
that when the two needles are kept at equal
differences of potential positive and nega-
tive, from the enclosing metal canister,
little or no electrification is shown by the

* Proceedings of the Royal Society, March 14, 1895,
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electric filter ; and when the differences of
potential from the surrounding metal are
unequal, electrification, of the same sign as
that of the needle whose difference of po-
tential is the greater, is found on the filter.

‘When a ball and needle-point are used,
the effect found depends chiefly on the dif-
ference of potentials between the needle-
point and the surrounding canister, and is
comparatively little affected by opposite
electrification of the ball. When two balls
are used, and sparks in abundance pass be-
tween them, but little electricity is deposited
by the sparks in the air, even when one of
the balls is kept at the same potential as
the surrounding metal. [The communica-
tion was illustrated by a repetition of some
of the experiments shown on the occasion
of a Friday evening lecture* on Atmos-
pheric Electricity at the Royal Institution
on May 18, 1860, in which one-half of the
air of the lecture-room was electrified posi-
tively, and the other half negatively, by
two insulated spirit lamps mounted on the
positive and negative conductors of an elec-
tric machine. ]

(2) .‘ON THE THERMAL CONDUCTIVITY OF
ROCK AT DIFFERENT TEMPERATURES.

ExperIMENTS by Lotd Kelvin and Mr,
Erskine Murray were described, and the
apparatus used in them was shown, by
which it was found that the thermal con-
ductivity of specimens of slate, sandstone
and granite is less at higher temperatures
than at lower for each of these rocks. The
last tested was Aberdeen granite, for
which experiments of fairly satisfactory ac-
curacy showed the mean conductivity for
the range from 146° C.to 215°C.tobe 86
per cent. of the mean conductivity in the
range from 81° C. to 146° C. They hope
to send a communication to the Royal So-
ciety describing their work before the end
of the present session.

* ¢ Electrostatics and Magnetism,’ xvi., 3 285, 286.



