352 Prof. J. J. Thomson : .Faperiments on

s0 nearly equal to that of glass that no appreciable effeet is
produced by the film of -that substance between the face of
the prism and the unruled surface of the grating. .

On looking through the face of the prism which wus per-
pendicular to that through which the . incident light entered,
a white image of the slit was seen, together with diffraction
spectra on either side of it. |

Another experiment was performed, using a grating ruled
on glass with 300 lines to the inch, The width of & ruling
was very small in comparison with that of a space. The
grating was of a cheap kind, and the spacing was probably
not very regular ; nevertheless phenomena similar to those
described above were observed, When the light was. inci-
dent at an angle of 45° on the grating only a few spectra, or
high orders, were seen. '

When a strip of a screen such as is used for half-tone
process work was nsed as a grating the number of lines to
the inch being equal to 135, no diffraction &gjectm were seen
when the angle of incidence was equal to 457,

The probable existence of the diffraction phenomena de-
seribed above was, in the first place, deduced by one of us
from theoretical considerations; subsequently the experiments
deseribed were devised and executed. The singularity of the
results obtained entirely vanishes when the point of view
chosen is that of the wave theory of light. On the other
hand, the failure.of light to penetrate a free surface, com-
bined with the readiness with which it traverses the same
surface when parts are rendered opaque, afford sufficient
interest, we hope, to merit this short notice. At an earlier
date, when the wave theory was in more need of confirmation
than at present, the experiments described might possibly
have appearcd as of a fairly crucial nature. At present they
may at least serve to illustrate, in a striking manner, certain
important points in the wave theory of light.

VAP T d d - L] i ' ' = - ——

XXXIX. Ezperiments on Induced-Badioactivity in Air, and
“on the lectrical Conductivity produced in Gases when they

pass through Water. Dy J. J. THOMSON, iL{.A.,'fi_'.R.S.,.

 Cavendish Professor of Experimental Physics, Cambridge¥,

T has been shown by Elster and Geitel T that a wire, if
strongly negatively electrified for several hours either
in the open air or, as in one of their experiments, in a large

* Communicated by the Author.
1 Physitkalische Zewtschr, 11, p. H68.
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cellar becomes radio-active, 7. e., it increases the clectrical
conductivity of the air in its neighbourhood. The most
natural explanation of this phenomenon 1s that, as Elster and
Greitel suppose, the atmosphere contains some radio-active
constituent which is attracted. to the negatively electrified

surface ; this constituent of the atmospbere behaving like

the “ emanation ”” from thorium which hLas heen shown by
Rutherford * to induee radio-activity in bodies with which it
comes in contact and to be attracted to negatively electrified
surfaces. I have, however, as the result of the cxperiments
described below come to the conclusion that though the exist-
ence of this radio-active substance in the air is possible 1t 1s
not neccssary for the explanation of the effect observed by
Elster and Geitel, and that negatively electrified surfaces may
become radio-nctive without the deposition upon them of
substanees having specific radio-active properties. .

As long as we have to experiment either in the open alr
or in large rooms, it is exceedingly ditiicult to alter the con-
Jitions sufficiently 1o afford an adequate test of any proposed
explanation ; I have therefore been experimenting with air
contained in a closed vessel of moderate size, and although
under normal conditions I bave not been able to get any
appreciable amount of induced radio-activity, I have foun d that
a negatively clectrified wire placed m the vessel acquired,
when the gas in the vessel was exposed to llontgen rays or
had been bubbled through water, propertfes analogous to
those found by Blster and Greitel in wires placed in the open
air. The effeets with the gas which had bubbled through
water wera very large.

The method was as follows :—a large cylindrical zine gas-
holder 102 em. long and 75 em. in diameter, was supported
on insulating feet, and closed by a lid made of millboard ;
the outer portions of the top and bottom of the lid were put in
metallic connexion with the gas-holder by rings of tinfoil
which overlapped the lid and were fastened to the cylinder ;
circular gnard-rings of tinfoil connected with the carth were
pasted on the upper and under surfaces of the lid, these pre-
vented any leakage of electricity across the hd from the
eylinder to a metal rod placed along its axis; this rod, which
was connected with the electrometer, passed through a short
metal tube in an ebonite disk which occupied the central
portion of the lid, a flange on the rod resting on the top of
the tube. The current between the rod and the cylifider was
measured by an electrometer which was connected with the

% Phil, Mag. [6]1, pp. 1 & 161.
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rod. Thi.fs rod before the measurement of the current was con-
nected with the earth, and the cylinder with one terminal of
a battery of small storage-cells, the other terminal of which
wag connected with the earth. The battery contained 500 colls:
these were found sufficient in all cases to produce the satura-
tion-current, when the air was in the normal state a very

much smaller number of cells was sufficient to do this. A%

the rod had to be strongly electrified in order to investigate
the induced radio-activity, there was some danger that the
ebonite disk with which 1t was connected might get charged
with electricity, and this electrification by leaking back  to
the rod produce effects which were not due to the conductivity
of the air. To avoid this two eboniie disks were used, the one
used to support the rod whilst it was electrified was removed
before the current through the vessel was measured and
replaced by the second, which was carefully kept free from
electrification, - '

In the carlier experiments four different rods were used as
electrodes, these were pieces of brass tubing of the same
length and diameter. The procedure was as follows : in the
morning the current through the vessel was measured, using
each of the rods as electrode in turn : the deflexion of the
electrometer in one minute, which is proportional to the cur-
rent through thoe vessel, rarely differed by more than about
one part m 75 for the four rods. During the day these rods
were subjected to differ nt treatment; one was put aside to
serve as a standard, a second was connected with the negative
terminal of & Wimshurst machine, and exposed to the air of
!:he room, the Wimshurst machine was giving sparks about
3 em. long ; the third rod was often connected with the positive
terminu] of the machine and exposed to the air, while the fourth
rod was Kept in the tank and connected in some experiments
with the negative terminul of the machine, in others with
the positive, The electrical machine was kept going all day
long, and tested from time to time to see that its electrification
did -not reverse, and at the end of the day the current
through the tank was measured, using each of the rods as

electrode. . If a' rod had become radio-active, the current

through the tank with this rod as electrode would be greater
than it was when the rod was in its normal state. owine to
the additional ionization due to the rod. With the air in the
tank in its normal state I was never able to detect any change
in the rod due to its long negative electrification. The
volume of air in the tank, about 440 litres, was too small to
produce the radio-active effects observed by Elster and Geitel.
As the current coming up to the rodin the tank was much
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smaller than if the rod had been electrified in the open air,
I tried the effect of increasing the current by ionizing the
gas in the tank by means of Rontgen rays: the tube giving
out the rays was placed outside the tank, the rays passing
into the tank through the millboard cover; this had, of course,
the effect of greatly increasing the saturation-current through
the tank, and it was found that now prolonged negative
electrification of the-rod produced an appreciable effect; the
saturation-current, when the rod which had been negatively
electrified in the tank was used as electrode, was considerably
larger than when the electrode was a rod which had not been
so treated. The magnitude of the eftect 1s indicated by the
numbers given below, which represent the deflexions of the
electrometer in one minute ; these numbers are proportional

to the saturation-current:—

Current at 11 A.M. with rod (1) as electrodo . . . 74
Current at 5 r.uM, after rod (1), which remained 1in
the tank, had been attached to the negative ter- | .

minal of a Wimshurst machine while the gas in
the tank was 1onmized by Rontgen rays.
Current at 11 A.M. with red (2) as electrode . . . 74
Current at 5 r.M, with rod (2) as electrode, this rod -
having been exposed to the air of the room and | ..
connected with the negative terminal of a4 Wims-

hurst machine.

- Current at 11 A, with rod (3) as electrode ., . . 72

Current at 5 .M, with rod (3) as electrode, this rod
having been exposed to the air of the room and { .,
connected with the positive terminal of a Wims-

hurst machine.
The above experiments were made on the same day. We see

that with the negatively electrified rod in the tank there was
an appreciable increase; in the case of the other rods the

 changes were too small to allow any conclusions to be drawn.

A considerable number of experiments of this type were
made : it will be suflicient to give one more example :—

Current at 11 a.M. with rod (1) as electrode . . . 77
Current at 5 p.M. with rod (1) as electrode, the ro
having heen in the tank in the interval, connected 38
with the negative terminal of a Wimshdrst
machine and tho air ionized by Rontgen rays. .
Current at 11 A.M. with rod (2) as electrode . . . . 76
Current at 5 p.Mm. with rod (2) as electrode, the rod
having been kept in the tank but not electrified } 74

in the interval.
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The rods which had- been made active by long negative
electrification gradually lost this activity, and after the lapse
of about one hour the current with these rods as electrodes
sank to about its normal value. When the rod in the gas
exposed to the Rontgen rays was either positively electrified
or not clectrified at all, no change took place in the satura-
tion-current sent through the gas before and after the
electrification from this wire as electrode, thus in these
experiments, as in thosc of Elster and Geitel, negative electrifi-
cation 1s required to make the rod active.

When a rod is in the active state, the current in the
direction corresponding to a flow of positive clectricity from
the rod is slightly greater than the current in the opposite
direction. When the rod is in the normal state the two currents
are equal, The effects produced on the rods in the preceding
experiments are not very great; but tho method described
below gives very large effects, exceeding even those produced

by electrification in the open air.

Droperties of Air Bubbled through Water.

1 made further experiments to see whether the induced radio-

activity on negatively electrified bodics could be detected in
the space of an ordinary-sized room without artificial ioniza-
tion of the air. 1 endeavoured to produce throughout the air
in the room an clectrie field of greater average intensity
than that prodnced by a negatively-electrified wire. 'With this
object very fincly-divided water-spray strongly negatively
electrified was projected into the room ; the spray was pro-
duced by forcing a jet of water under high pressure through
a small hole in a negatively-electrified plate ; the spray as it
tell was collected on filter-paper which, when drenched by the
spray, was placed 1 tho tank through which the saturation-
current was measured. Very large effects were obtained in
this way, so large, indeed, that it seemed unlikely that they
were due to induced radio-activity on the ncgatively-electrified
spray. A serles of experiments were accordingly made to see
whether wet paper produced any effect when the water had not
previously been electritied. Strips of wet filter-paper were
wrapped round the rods used as electrodes in the preceding
experiments, and much larger saturation-currents were ob-
tained with these electrodes than with bare rods. The current
was found to vary much with the nature of the paper
filter, blotting, tissue, cartridge, and foolscap papers were
tried—and also with the nature of the solution; the results
obtamned were complex and irregular, and this method of
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investigating the action of water was for the time abandoned

in favour of the following, which gave quite regular effects.
The air in the large 1ank, previously described, was made

to circulate through water, To etfect this two tubes were

fastened into the tank, through onc of these the air was

sucked by a water-pumyp into a closed vessel, from which it

found its way back into the tank through the other tube ;.
the air got thoroughly mixed up with water during the
process of pumping. A plug of glass wool was placed in the
return-tube to stop water-spray.

The air which had thus been forced through water was
found to be a very much better conductor of electricity than
air in the normal state, the increase In the conductivity 1s sar-
prisingly large ; thus, after the circulation of the air through
water had continued for about two hours, the saturation-
current was more than twenty times the value before the
circulation commenced. The air, when once 1t has been
modified in this way, retains its new properties for a very
long time: thug, il the tank is kept closed so that the air
cannot diffuse out, it takes several days atter the stoppage
of the circulation for the conductivity of the air to fall to its
normal value. The following numbers give an idea of the
rate at which the modified gas returns to its normal condition.
At 5.20 r.M. on Saturday afternoon the current through the
tank with the central wire positively charged was 600, with
the central wire negatively charged it was 3305 at 10 a.m.
on Monday, i.e., after more than 40 hours, the current with
the central wire + was 143, with the central wire ~— 1105,
The saturation-current through air in the normal state was
30 whichever way the wire was electrified. |

The propertics of the modified air cannot be explamed by
the negative electrification which Lord Kelvin has shown to
be present in air which has bubbled through distilled water,
nor could they be explained by supposing that™ the bubbling
of the air through the water filled it once for all with a
supply of positive as well as of negative ions. In the air
modified by passing through water there must be a continuous
vroduction of ions. A gas which contains a mixture of
positive and negative 1ons, but. in which no fI‘BEI.I 1ons aro
being produced, though it will conduct electricity, will
exhibit peculiarities which will distinguish 1t from a gas 1n
which spontaneous ionization is taking place; the current
through a gas in which no fresh jonization is taking place
will increase with the electromotive force acting on the gas ;
each increase in the clectromotive force producing an increase

: =
in the current. There will be no upprouch to the state of
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saturation, indeed In many .uch cases the tendency 1 for
the current to increase NOTe rapidly than the electromotive

In the gasin which continuous ionization is taking

place the current goets caturated, the maximum current being
the one which takes out of the gas In one second all the 1ons
which are produced in the gas : that time ; the current will
qot increase beyood this, however much the electromotive
force is increased, provided that the electric field does mnot
hecome so strong that it gives rise to spark or brush discharge.
Air which has been Thodified by passing through water
shows all the peculiarities of a gas in which continuous
sonization is taking place ; the current gets saturated ;
although, as 1s nataral, from the much greater conductivity
of the gas the clectromotive force required to saturate it 18

much gfeater than when the gas 18 1n the normal state.
Man ﬁxperimeuta on the relation hetween the current

through the modified gas and the olectromotive force acting
upon it were made. The following tables embody the results

of two such experiments.

force.

! al-difference in volis
ll?;igrteii ti}z]]::xeezgl:ltiﬂlﬂwiie Current.
and the cylinder. wire . wire —.
40 40 20
80 06 45
120 30 70
160 107 80
200 122 97
400 150 126
600 200 139
800 220 135
1000 28() 150

These results are represented graphically in the curves

These curves clearly show the approach to satura-

in fig. 1.
aken with air of

tion. The following observations were t
considerably smaller conducty

preceding exp eriments i—
yal-difle e in volts
Potential-difterenc _ Current.

between the central wire
and the cylinder. wire . wire —-

4() 14 17

30 2V 28
120 36 30
200 ila Ho
400 80 78
600 92 85
800 105 99

1000 110 95

1vity than that nsed in the
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Curves rep ' e
hown i ﬂg.PIi ‘?Sﬂlltmg’ the results of these experiments are
Fig. 1.
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€ ebonite plate at the i )
- -  centre of the lid of
vessel cont: o e lid of
t ﬁ:ﬁi ;ﬂ;lilmllémg the modified gas, but was supported -1b:ilrz
e e >l an passed into the vessel through a hole in the lid
which it did not touch. | nie A
The air when 1 '
r when 1n the modified
J 2 state produced bbli
througll ’WﬂtE':'[‘ Can be trﬂ]:]_&ff_’: . dE _ p | by bllbbll]ig
and still reta: rred from one vessel to another
this a secon hrn Sqinﬂj at least, of its conductivity. lo show
this a second vessel was prepared. This was a large galvani
iron cistern supported on 1 ino f sa large galvamized
o Tt e o) , insulating feet, a central wire placed
nOonR 1B 8% n}: ELE ept connected with the electrometer and
measuredﬂ 'Tlei ween this wire and the case of the ci;tern
moasurec. 115 V(—?EBB], which we shall call B, was connected
y tal pipe about 150 em. long and 1 in di H
with the vessel A, 1 hi Thodi cm. In_diameter
When o ssel A, n which the modified gas was stored
M lmr was  blown from A to B the saturation G:u mt
X ’i‘);]lg 1 A diminished, while that through B increased rren
 The gas, while pussing through the tube between A and B
g . - . J ‘
easily be subjected to various physical processes and
b k j‘ "
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by ohserving the rate at which the conductivity in B in-
creased—the rate of flow of air through the ‘tube being

kept constant—the effect of these processes on the con-
ductivity of the modified gas could be dotermined. Thus a
plug of glass-wool was placed in the tube, and it was found
that the modified gas could pass through this without losing
1ts conductivity.

If the conductivity of the modified gas did not arise from
some process of continuous ionization, but was due to the
presence ol ions placed once for all in a gas in which thero
was no farther creation of ions, it should be destroyed
like that of gases sucked from flames by passing the gas
throngh a strong electric field. To test this point a long
metal tube, about 1 metre long and 1 em. in diamecter, with
an 1nsulated wire along its axis, was inserted hetween the
vessels A and B.  The modified gas could pass throngh this
tube when there was a potential-difference of 1000 volts
between the wire and the tube without losing its conductivity.,
Thus, in this respect, the modified gas resembles a gus mixed
with the ¢ emanation *’ from thorium. Rutherford has shown
that in this case the conductivity is not destroved by a strong
electric field. | ©

The modified gas passed through a tube filled with wire
gauze heated to a dull red heat without losing its conduc-
tivity * when, however, the gauze was ata bright red heat the
onductivity was destroyed. B |

The conductivity was also destroyed when the gas passed
slowly through a spiral tube immersed in a freezino-mixture
of ether and solid carbonie acid. ;
~ The conduetivity can be taken out of the gas by passing
1t slowly through a tube filled with elags beads woistened
with sulphuric acid'; if the gas is merely allowed to bubble
through sulphuric acid it escapes with a considerable amount
of conductivity.

Faperiments with a Gouwy Sprayer,
A ] _ " i
The water-pump arrangement, although very convenient

for testing the effects of water and air, was not suitable for
use with other liquids and gases. To test tho effect of different
liquids air was forced through a Gouy spray. The air, after
passing through the sprayer, was found to have a high con-

ductivity, and when it passed into either of the testing vessols '

A or B, the saturation-current through this vessel was
increased. By measuring the increase produced after the
current of air from the sprayer had puassed into the testing
vessel for a given time an estimate could be formed of the
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conductivity given to the gas by passing through the liquid
in the sprayer; by changing this liquid the - effect of the
nature of the liquid on the conductivity communicated to a
oas passing through 1t could easily be determined. N
The following is an example of some experiments of this
kind :—-
Vessel B, normal saturation-current be-
fore spraylng . . . . . . . .
Pure distilled water in the sprayer, the
air after passing through the sprayer
went into B, duration of experiment
15 minutes, saturation-current . . wire+ 33, wire—30
Air blown out of B, saturation-current. wire+ 15, wire—15
Strong solution of NaCl in the sprayer,
air passed through sprayer as before |
for 15 minutes, saturation-current . wire + 30, wire—23

wire + 16, wire—16

Thus there is no clearly-marked difference between the effects
of pure water and brine. Solutions of rosaniline, phenol,
hydrogen peroxide, and sulphuric acid were tried, and all
oave much the same effects as pure water: the amount of
electrification given to the air by bubbling through these
solutions is very different, so that these experiments afiord
another proof of the difference between the conductivity
communicated to a gas and the amount of electric charge.
Another illustration of this is that thongh when air is first
bubbled through distilled water it is strongly negatively
electrified, it loses its charge much more rapidly than 1ts
conductivity, and after the lapse of an hour or so the charge
will be unappreciable while the conductivity will be almost
as large as 1t was at first,

Bther, ulcohol, and turpentine were placed in the sprayer
and air forced through them, but with these lquids no
appreciable conduetivity was produced. . |

When coal-gas was forced through distilled water in the
sprayer the conductivity was much less than when the same
volume of air was passed through.

Induced Radio-Activity produced on a Negatively-Electrified
Surface immersed in Modified Gas.

The experiments already described have shown that when
air is in its normal state the volume of air in the closed vessel
A is too small to give the induced radio-activity observed in &
negatively electrified wire placed in the open air. We have
seen too that when the current of electricity through the
vessel is incrensed by cexposing the gas in it to Rontgen rays,

Phil. Mag. S. 6. Vol. 4. No. 21, Sept. 1902, 2B
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1 1legﬂtively clectrifiod wire acquires the property ot innizing

the air around 1t; this effect is, however, shown to u very:

much greater extent by the gas when it is in the modified
state produced by bubbling it through water.

To show this the tank A was filled with the modified con-
ducting gas, while the air in B was kept in its normal
condition, a clean wire electrode was taken and the saturation-
current through B with this wire as electrode measured : the
wire was then placed in A and kept negatively electrified by
a Wimshurst machine for periods ranging from 30 minutes
to 7 hours ; the wire was then taken out of A and replaced
in B, and the current through B again measared wib}h, this
wire as electrode : the current wag found to be considerably
greater than before the eleetrification of the wire. The
following numbers show the magnitade of this cffect 1 —

Current through B with a potential-

difference of 1000 volts before wire

was electrified . . . . . . . . wire-4 24, wire=~17
Current after wire had been negatively

clectrified in the vessel A for 7 hours  wire + 54, wire —54
The conductivity of the air In the tank A was about 10 times
normal, |

In another experiment when the conductivity in A was
about 12 times normal, the results were :—
Current through B before wire was .

electriied . . . . . . . . . wire+22, wire—17
After 7 hours’ negative electrification of

the wire in A the current through B

WaS . o« o+ 4 v s o« o . W . wire+ 74, wire—67
Larger effects were obtained with electrodes having larger
surfaces than that of the straight wire. Thus, when a
cylinder of copper wire-gauze was used as the electrode, the
current through B before the gauze was electrified was :
oauze +22,—21. After 7 hours’ clectrification in A the
current through B was : gauze 4400, — 200).

The amount of 10nization produced by a wire after negative
electrification does not seem to depend to any great extent
on the material of which the wire is made. Wires of the
same diameter and length made of zine, lead, iron, copper,
amalgamated copper, copper covered with a layer of water
and glyeerine, copper wet with alcohol, which all gave when
used as electrodes equal currents through B before electrifi-
cation, gave approximately equal currents (much larger than
the previous ones) after negative electrification in A. To
ensure that the wires were exposed to similar influences in
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the vessel A they were usually tested in pairs, which were
connected together and placed In symmetrical  positions with
respect to the axig of A.

The amount of induced radio-activity on negatively electrified
surfaces cxposed to the emanation from thorium, or placed in
the open air, seems also to be independent of the nature of
the surface.

The ionizing power of the wire 13 only produced by
negative electrification. If the wire when placed in the
modified conducting gas in A 1s posifively electrified, or if
it is not electrified at all, then no change in the current
through B with this wire as electrode is produced by the
unmersion of the wire in the vessel A,

To show the ionization produced by a wire after negative
electrification in A, 1t is not necessary to use the wire itself
as the clectrode in measuring the current through B, an
independent wire may be used as electrode, and the ionization
due to the wire can be detected by tho inerease in the satura-
tion-current which takes place w{len the wire 1s put into B
after 1ts negative clectrification in A : the effect, although
very distinet, is not so largoe as when the electrified body 1s
itsell’ used as the electrode; 1t 15 desirable to use a piece of
motal of considerable area for the body which is negatively
electrified.

The 10omzing power possessed by the active metal is very
casily cut off by thin layers of solids. 1 have, however, been
able to detect that an appreciable effect is produced by the
negatively electrified metal even when surrounded by thin
aluminium foil or paper, In this connexion il may be
mentioned that if the conductivity of air when in the modified
state 18 due to rays given out from contres of ionization, these
rays must have very hittle penetrating power, as I have drawn
modified air possessing high conductivity over a photographic
plate in the dark for more than four hours without producing
an impression on the plate.

The active state 1n which a metal rod. is put after being
negatively electrified in the modified air is not a permanent
one. As soon asthe negative electrification stops, the activity
of the metal beging to diminish, and after a few hours it
entirely disappears : measurements of the rate at which this
activity disappeared showed that it fell off rapidly at first
and then much more slowly : the time taken for the activity
to fall to hall 1its Initial value was about 45 minutes. 1t
varied a little in the different experiments.

When once a wire has been put into the active state it can
stund very rough treatment w'iéhout losing its ionizing power.

2B 2
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Thus, for example, washing the wire with water and drying
it by heating with a bunsen does not destroy its activity, nor
does heating 1t in a bunsen to a red heat scem to have much
effect upon it ; an amalgamated copper wire was made active
and then heated until the mercury was given off, even after
this treatment it retained some activity.

Theory of the preceding Plenomena.

These experiments show, I think, that induced radio-
activity caused by ncgative electrification 15 not necessarily
due to the deposition of a radio-active substance. This
hypothesis does not seem admissible in the case of the pre-
ceding experiments ; for when the air 1s put in the modified
state by means of the water-pump, only a limited supply of
air 18 used, the volume of which, as we have seen, 1s too small
to give rise to radio-activity when the air i1s in its normal
condition, hence if in these experiments the effects produced
by negative electrification are due to tho deposition of a radio-
active suhstance, such a substance must have come from the
water. In the experiments with the (Gouy sprayer, however,
the amount of water used was very small : to see whether there
was any radlo-active substance in it which could produce the
observed effects, the water in the sprayer was evaporated to
dryness on a metal plate ; the plate, however, after this treat-
ment did not show any ionizing power, Again, the amount
of air passed through the sprayer was not large enough to pro-
duce a supply of radio-active substance large enough to
produce the D{SErved effects, for a larger volume of air than
that passed through the sprayer was drawn past a negatively-
electrified wire without imparting to it any lonizing power.
The experiments have led me to the conclusion that the
ionizing power Imparted to the wire in the preceding experi-
ments arises in the following way :—In consequence of the
negative electrification of the wire positive ions move up to
it when .1t 15 placed in the modified gas; some of these lons
do not discharge to the wire, but stick close to it, forming a
coating of positive electricity around it. Between this coat-
ing and the wire there will be a strong electric field tending
‘to draw negative electricity from the wire. Now there are
many phenomena which lead us to the conclusion that a wire,
even at ordinary temperatures, contains rapidly~-moving
negatively-electrified corpuscles which, under ordinary ecir-
cumstances, remain in the wire hocause their kinetic energy
i3 not suilicient to carry them bheyond the attraction of the
metal. When, however, there is a layer of positive electricity
just outside the metal, the attraction of this on the negative
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corpuscles drags the latter from the wire ; as the corpuscles
move across the space bhetween the coating and the wire they
acquire additional kinetic energy, and i the - difference of
potential between the coating and tho wire exqeeds a certain
vilue they will emerge from the positive coating with suffi-
cient kinctic energy to enable them to ionize the molecules
of the gas with which they come into {jﬂ].].lﬂlﬂll;:' _fcrr thlr':*: to
bo the case the potential.difference hetween the pogitive coating
and the wire must exceed 2 volts, as Mr. H. A, Wilson has
shown that the energy required to ionize a molecule of a gas
is of the order of that given to a charge eqtilul tf’J that on &
corpuscle when it moves through a potential-difference of
about two volts, o

Thus, on this view, the ionizing power of the wire 1s due to
a kind of polarization, which produces an electric field which
makes the wire into a cathode emitting cathode-rays of feeble
1_1&11uf-1'ati11g power which ionize the gas n the neighbourhood
of the wire. N

1f the wire, when in the condueting gas, had been positively
JJectrified the clectrie field due to the polarization would have
tanded to force back the corpusecles into the wire rather than
pull them out ; there would thet'{iifur(:e in *thia cage be no
emission of cathode-rays and no ionization of the gas,

The amount of polarization seems to depend upon the way
the gas 1n which the 11egatively—electr1ﬁed wire 18 placed 1s
ionized. Thus we have seen that when the gas is made a
conductor by bubbling through water the effect on the nega-~
tively electrified wire is much greater than when the gas is
made a conductor by Rontgen rays, although the conductivity
of the gas is greater in the latter case than 1n the former.
Again, I made the gas in the vessel a very good conductor by
keeping a Bunsen burner burning 1n the VE?SBBL but 1n thas
caze | could not detect any ionizing power 1n a 11@gat1ve}y-
electrified wire which had been kept in the vessel. Air which
has been passed over phosphorus 1s a conductor of electricity,
but 1 could not detect any lonizing power 1n a negatively-
electrified wire immersed 1n 1t. o o

The principle by which we have explained the ionizing power
of the uegutively oleotrified wire—the em1ss1oN of .cla,tht‘:u*ie-
ravs from the wire under the influence of a coating of positive
electricity close to the _Eurfaﬁe of the }v1reT~xV1ll also, | thm]{_,
explain the conductivity produced in air when it bubbles
through water. We may suppose that by this process very
minute drops of water get nuxed'mth the air, these drqp:e
must be exceedingly small, otherwise they would not be able
to pass through a plug of olass-wool ; the very slow rato
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at which the conductivity dies away also shows that the drops
must settle down exceedingly slowly, so slowly that they tuke
some days to fall through 1 metre ; from this we INAY Con-
clude that the diameter of the drep cannot greatly exceed
10=° cm. If cach little drop gets surrounded by a layer of
positive electricity then, just as in the case of the wire, the
drop might emit cathode-rays which would ionize the air in
1ts immediate neighbourhood ; thus cach little drop would
act as a centre of ionization, and thus make the air a con-
ductor, The formation of a layer of positive electricity
outside the drop is what we should expect if any chemical
combination went on between the water of the drop and the
oxygen of the air leading to the formation of such a com-
pound as H,0,, for,in forming this compound, the water
would combine with a negative oxygen ion and not with a
positive one ; thus from the layer of oxygen outside the drop
the water would pick out the negative and leave the positive

10ns, this would lead to the production of the coating of '

positive clectricity round the drop required to make it act as
an 1onizing agent, ,

The drops of water as well as acting as producers of ions
would also act as traps to catch ions moving through the
air 1n which they are suspended ; they thus tend to reduce
the conduetivity, because when an ion gets attached to one of
these drops, it 1s as it were anchored to it, and only moves
with great difficulty ; in some cascs the presence of drops
of water dimnishes the conductivity of the gas instead of
increasing it : thus I found that squirting a steam-jet into
cither ot the tanks A ‘or B materially diminished the satura-
tion-current through the tank.

The ordinary polarization of the clectrodes in the electrolysis
of hquids 1s usnally explained by the existence of a layer of
electrification close to the surface of the electrode, thus the
polarized electrode resembles in this respect the electrified wire
and the small drop of water on the preceding theory. I there-
fore thought it of interest to see whether a polarized clectrode,
when taken out of the clectrolytic cell, would ionize the oas.
Two platinum plates or wires were immersed in a solution of
sulphurie acid of about the maximum conduoctivity, and a
current of from 1 to 5 amperes sent from one electrode to the
other for about an hour ; the electrodes were then taken out,
washed with distilled water, and dried with filter-paper ; they
were then placed in tank B and the saturation-current through
the tank when these were used as electrodes measured. It
was tound that the one which had been used as the negative
electrode (2. e. the one against which the hydrogen wasg
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liberated) now gave considerably higher currents than _bef.om
the clectrolysis, In some cases twice the current, while :uhe
positive electrode gave the same current as before. On first
charging up the negative electrode positively, there was
frequently a very large current for a short time, which was
not l‘epeated on the second chargmg, as 1f there WBI:B 3011
positive ions loosely attached to the electrode which got
driven away ; the smaller increase to which I have alluded
lasted for ahout half-an-hour. The amount of the increase
varied a good deal ; in one or two experiments there was no
change in the current. The experiments with liquid electﬂ}-
lytes are more ambiguous than those with gases, as there 13
the possibility of some acid adhering to the plato and not
getting entirely rcmoved by theﬂwashmg 'and d]_*ymg, and
then setting up some chemical action. Against this explana-
tion we have the fact that the increase only occurs with one
electrode—the negative, not with the positive-so that if 1t
is due to the chemical action it must be caused by something
roduced at the negative terminal and not at the positive.
]I)-[ydmgen peroxide seemed to me the most likely substance,
so I immersed a platinum plate in a strong solution of H;0,,
and washed and dried itin the same way as the electrodes. 1
found, however, in this case no change in the current through
the tank DB.
I have much pleasure in thanking my assistant, Mr. K.
Everett, for the help he has given me in these experiments.

June 1902,

X L. On the Influence of Convection on Optical Rotatory
Polarization., DBy J. LLARMOR ¥,

HE postseript (this volume, p. 220) to Lord Rayleigh’s
account of his decisive determination that the orbital
motion of the Earth is without influence on the rotatory pola-
rization produced by quartz, has brought to my notice the

recent paper by Prof. H. A. Lorentz there quoted. |
The fundamental character of Lord Rayleigh’s negative
result may be illustrated by reference to Prof. Lﬂrentg_’s
Versuch einer Theorie . . ., p. 119 (1895), where the opposite
conclusion is considered as not unlikely in view of the formal
possibilities that are open. But the main object of this note
is to entirely admit the demur made by Prof. Lorentz, that
my criticism (* Ather and Matter,” p. 214) of his calculation
of rotational effect, there given, is not well founded. The
conclusion which I had reached was in fact that for light
of given absolute wave-length the optical rotation would be

* Communicated by the Author.



