VI. CONDUCTANCE PRODUCED IN GASES BY RONTGEN
RAYS, BY ULTRA-VIOLET LIGHT, AND BY URANIUM, AND
SOME CONSEQUENCES THEREOF n,

(Philososophical Magazine Vol. 48, 1897; pp. 418 — 439),

§ 1. We propose in the following paper to give the results of
experiments carried out by us at Lord Kelvin's suggestion, and
with his help, in the Glasgow University Physieal Laboratory. We
shall give first results which relate to the conductance produced
in gases by Rontgen rays, by ultra-violet light, and by wranium,
Secondly, results bearing on the quasi-conductance produced in solid
dielectrics by Rémtgen rays, Thirdly, we shall give an account of
experiments which we made to measure the difference of potontial
hetween wires of the same metal connected metallically with two
plates of any two metals between which Rontgen rays, ultra-violot
light, or uranfum rays pass.

§ 2. On the Conductance produced in Air at ordinary prossure

and at different voltages, by Rontgen rays, by uranium, and by
ultra-violet light,

To measure the conductance
and by uranium, we used an ar
leyden-jars, A and B, with their
The outside coating of A was ¢
electrometer, the outside ¢
a block of paraffin, to the
(see fig. 1)

In all the experiments in which the two-
was used the leyden B remsined the same,

produced iu air by Réntgen rays
rangement consisting of two quasi
inside coatings connectod togothor,
onnected to the caso of a quadrant
oating of B, which was insulatod on
insulated terminal of the clectrometer

loydens arrangemont
Tt cofwigted of a eyl-
A

W [En collahoration avee Lord Kelvin et J. (. Boattio! Lidl.].
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indrical Jead can, 20 em. long, 4 cm. dismetor. A metal bar
ahouwt 1 em. dismneter, 25 em. long, was supported centrally
on paraffin filling the wholo space between the metull bar and t}le
containing lead. The metal bar was connected by a wire to the in-

ol
Fig. 1
[From ,Nature”, Mar. 26, 1897].

terual coating of A, To protoect this wire frominductive eﬂ'actls 1: wa:; ;1;1;
rounded by a tube of lead connected to the case of the e :c ron aimd.
In the exporiment with Rntgen rays the'a 10yden. ;o ited
of wn wlupinium eylinder, 16 cm. long, 3 cm. in ;im Th{;
This eylinder was connected to the case of the electrometer.
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insulated metal inside it, which was a flat strip of alominium about
10 cem. long and 1%/, cm, wide, cut from the swmo. shoot s
the surrounding aluminium tube, was supported at one ond hy
a small piece of paraffin so placed as to be out of reach of the
action of the Rontgen lamp 1). The rays from the lamp woere al-
lowed to pass from a lead eylinder surrounding it and econnocted
to the case of the electrometer by & small hole about (8 squarg
em. in arca. They fell on the ‘aluminium wshoath trawsparent fo
them and rendered the air betwoen it and the insulated aluminiym
within conductive.

To get a definite difference of potontial, the two pairs of quad-
rants of the electrometer were placed in meotallic eonunexion, Then
one terminal of a battery or of an electrostatic induction machine
was connected to the internal coatings of the two quasi leydon-
jars, and the other terminal to the case of the eleetrometer, Tho
difference of potential produced was messured by a multicellular
voltmeter in the case of voltages under 500 volts, and on a vor-
tieal single-vane voltmeter for higher differences.

When the ‘desired difference of potential had beon ostablished,
the metallic connexion of the hattery, or of the electric machine,
with the internal coatings of A and B was broken, and this chur-
ged body left to itself. To find the loss due to imperfect insulation
the pair of quadrants in metallic connexion with the outside coat-
ing of B was insulated in the ordinary way, and the deviation of
the electrometer reading from the reading obitained when the quad-
rants were metallically connected — which we shall eall the mot-
allic zero — per minute was observed. To find the loss when tho
rays were acting, the two pairs of quadrants were again placed in
metallic connexion and the Réntgen lamp set going; then the pair
of quadrants connected to the outside coating of B wag insulated
from the other pair, and the deviation from the metallic zero again
observed per minute. - »

We tried various differences of potential, ranging from a fow
. volts to 2200 volts. The results wo obtained showed that the rute

of leak did not appreciably incresse from voltage of about 6 volts
to 2200 volts. .
Positive and negative charges leaked away at the samo rate,

Y) The Rontgen lamp was a foeus tube of the Jackson pattorn,
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Thoso rosults eonfirm and oxtond through a very wide range of volt-
ago tho result announced by Thomson and MeClelland in a paper
communicated to tho Cambridge Philosophical Society, March 1896.

To tost the eonductivity induced in air by uranium, we first
usod tho two-leyden method deseribed at the beginning of this
goetion, Tho leyden A way a eylinder of aluminium with one end
covored with aluminium. This eylinder formed the external coating
of the loyden-jur. Tho internal coating was a disk of aluminium
insulatod on puraffin. The uranium, which was a disk 55 em.
diamotee, 0'H em. thiek, was placed inside a cardboard eylinder
with ono end open and the other covered with aluminjum, thin
enough to bo transparont to the uranium influence, so as to touch
the aluminium ond (see fig, 2).

ELECTROMETER,

B,

4 i

42
R . = PARAFFIN LEYDEN
ALUMIWIIN TUBE

Tig. 2.

This cardboard eylinder could be moved backwards and for-
wards in tho aluminium cylinder, so that the distance between the
insulated disk in the latter and the aluminjum end of the former
could be varied. Tho uranium thus acted through the aluminium
oud of the eardboard box and made the air between the end and
the insulated aluminium disk conductive. The leakage was in this
way mado slow onough to be casily observed in the electrometer.
Tho rato of loak was not perceptibly increased whon the piece of
uranium was heatod nor when the sunlight foll on it.

The aluminimn end of the cardboard box and the outside coating
of the aluminium eylinder wero connocted o the case of the elec-
tromotor. The insulatod aluminium digk was connected to the in-
side coating of the loyden B. These inside coatings were ?harged
to o known potontial and then loft to themselves. The air-space
betwoon the ingulatod aluminium disk and the aluminium end of
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the - cardboard hox was 2 em. The voltages used were thero-
fore voltages per two em. of this air-space. With this arrange-
ment the leakage per minute — the necessary correction duoe to
the natural leakage with uranium removed having been madoe -
at various voltages was:
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gas could be introduced or any desired vacuum produced. Round
the outside of the glass bulb o strip of tin-foil was placed and con-
nocted to the ease of the clectrometer. This prevented vitiation of
our rosults by a leak hetwoen the two electrodes over the outside
of the glass, The bulb was first ovacuated and then filled with dry
air. The uranium way then connected to tho insulated terminal of
the oleetromoter and the zine to one terminal of a battery. or of
an cloctrostatic inductive machive, the other terminal being eon-
neeted to the ease of the oleetrometer. For voltages up to 100 volts
the torminal was kept commected to the zine while the leakage due
to the prosenee of the uranium was being observed. For higher
voltagos the zine was first brought to the voltage given in the
tablo and then disconnected and left to itself.

)

Leakage per minute

()
Loakage per minuto

Voltage. in e, divs,
6 H6+0
10 [S15%5)
44 1180
88 128-0
176 166-0
750 219-0
1250 229:0
2000 260-0
3000 276-0

[_Sensibility of electromoter 24 se. divs. per volt of subsidenco
of difference of potentials hetween coatings of Al.

We also investigated the conduetivity produced in air by a so-
cond piece of wranum 3 em. long, 1 em. broad, aud about

FROM
BATTERY

0 Y0 ELECTROMETER

Y0 SHEATHS
Fig. 8.

00 cm. thick. This was mounted firmly in & glaw bulh 6 em,
long, 8 cm. diameter, on a platinum wire fusod into one un(l'
of the bulb. The wranium in the bulb was surrounded through-
out two—thirds of its length by a zine cylinder 1D em. in din-
meter. This zinc cylinder was kept in pc»s‘ition by a stiff platinum
wire fused futo the other end of the glass (see ﬁg 8). Tw;; glany

tubes were fixed on to the bulb; by means of theso any desirad

Voltage in se. divs.

2 92

4 100

22 120
92 129
132 138
200 130
300 187
416 136

[Sousibility of electrometer 140 sc. divs. per volt].

The appended curves (fig. 4) were drawn by taking the leakage
por minute as ordinate, the voltage as abseissa, Curve (a) repre-
sents tho rosults of the first series of experiments (a) reduced to
voltages por 2 mm. between the outside coatings of A. Cur‘.re
(b) gives tho results of the second series of expe.ximents (). It will
ho soon that with uranium, as with Rontgen rays, the leakage
through air iy not proportional to the EM.I. We found also that
both positive nnd negative charges leaked away at the same vate.

With ultra-violet light we have as yet only observed the rate
of loak from u charged hody for voltages up to fwo or thre:e volts.
The method we employed is one originally used by Righi

A oage of brass wire gauze was made and connected to the
ease of the olectrometor. Inside it the insulated metal was placed
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on a block of paraffin, and connceted to the insulated terminal of
the electrometer by a wire protected against inductive effocts, Tho
light from an arc lamp was then let shine through the gauze so as
to fall on the insulated metal perpendicular to its surfaco (oo fig. B).

With this arrangement we found when the insulated motal was
zine, alumininm, or copper, and when a positive or negative chargo
was given to any ono of these metals when insulated, that positive
and negative charges leaked away at the wamo rato whon tho light

Tig. 4.

f.rom':'the are Ia'mp fell on the charged metal, the positive or no
nve' chfu-ges l?emg reckoned from the steady electrometor road
-whmh is obtained when the two quadrants of the o)
;Esulatfld a'ndfthe ultra-violet light shining. Our results on leukago
rough air from a body illuminated by ultra-violet 15 :
! : \ ~violet oe
with'those obtained by Branl y. ' it gl agree

§ 3. Bffect of Ri / g i
A ik f, intgen Bays on the Conductance of Faraffin and
\ In our ﬁrst. experiments with paraffin we used a brass ball of
:thout1 an inch in diameter, connected to the insulated terminal of
the eiectrometer by a thin wire soldered to the ball. The ball and

& wire were both coated to the depth of about an eighth of an

ga-
ing
octromoter are

icm
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inch with paraffin, The ball was then laid on a block of paraffin
in a lead box with an aluminium window, hoth of which were in
metallic eonuoxion with the case of the electrometer.

The paraffined hall was thon charged positively, and the rays
eausod to play on it. Aftor two minutes the electrometer reading
was stoady at O of the initial reading. The electrometer was then
disehurgod by motallic connexion and again charged positively. Its
vending romainod wtoady aftor threo minutes ot 063 of the initial
charge. Tn the thivd and fourth oxperiments the readings after
throo minutes wors 0481 and 090 of theinitial charges respectively.

Tho ball was next charged nogatively, When the rays were
plaged on it u steady reading was obtained after four ‘minutes at

ELECTROMETER

¢ \
WIRE GAUZE,
o i

* METAL DISC

Fig. b.

018 of tho initial charge. In the second, third, and fourth exper-
iments the steady readings after four minutes were 045, 0-70, and
078 of the initial charges respectively.

The paraffin was then removed and the brass ball polished
with emery-paper; whether the charge was positive or negative it
foll in about five seconds to one definitive position, 0437 of a volt,
on tho positive side of the metallic zero, when the rays were played
on the charged ball.

These oxperimental results demonstrate that, for the low poten-
tinls - usually 2 or 8 volts — wo here used, the Rontgen rays
did not produce econductance between the brass ball, when it was
coatod with paraffin, and the surrounding metal box. We hfmve al-
ready seen in § 2 that air is rendered temporarily conductive l.oy
the rays, and Rintgon’s comparison of the effect of the rays with
that of a flame shows that our experimental resulis are explained
by the augmentation of the electrostatic ocapacity (quasi-condenser)
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of the brass ball by the outside surfaco of its coat of paraffin heing
put -into conductive communication with the surrounding lead bu:
and the connected metals,

In our second series of experiments we endeavoured o elimin.
ate the influence of the varying capacity of the quasi-condenser.
For this purpose we placed & strip of metal connocted to the i
sulated terminal of the electrometer inside an aluminium e
the space between the motal and the eylinder was first llod wigh
air, afterwards with paraffin. The aluminium eylinder way oon.
neeted to the ease of the olectrometer, and inductive disturbancos
were avoided by surrounding the copper wire connected fo the in.
sulated terminal with a lead sheath in metallic connoxion with the
electrometer case.

ylindor;

o,
Wiy

AT,
| iy

L. &,

Fig. 6.

In our first experiments with this apparatus we had air,
of the main mass of paraffin, separating the insulated met’
the surrounding aluminium eylinder, ag
had only small disks of i ’
the ends of the metal,

ingtoad
al from
shown in fig. 6, and we
pugafﬁn serving as insulating supports for
and not played on by the Rg
g y the ntgon rays,
Or :;l ELtt;?nelme’ml thx.'l's supported was charged, whethoer positively
condsg nu:;e i, the Rontgen rays diselectrified it in about five so-
3 ROty however, to the metallic zero, bup i i
) : , 0 & zero depending
;n (t)he Tture of the insulated metal and of the metal surrgimdin;;
u(.) 01? the o!;her Imr}d, if the -interior insulated metal had initially
. thrj‘fg]el iven tclul it, fyet; when the Rentgen rays were played on
¢ walls of the surrounding alumini ind ‘
reading on the electrometer devi o the sum rot0 by
eviated to the same zero to which i
‘ : ) which
the ‘173‘;‘-61:10115 case it had fallen, and theye remained steady !
ith paraffin between the aluminium cylinder and the insula.
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tod motal within (see fig. 6) we found no perceptible increase of
conduetance produced by the Rintgen rays above the natural con-
ductance of the paraffin when undisturbed by them, If the insulat-
od wetal was not charged and the Rontgen rays played on it
through the alwminium and the paraffin, no deviation from the met-
allic zoro took place when the two pairs of quadrants of the elec-
trometer wore insulated from one another.

To mako o similar sorics of experiments with glass we used
a ploee of glass tubing 96 mm, internal diameter, 70 em. long,
and 10 mm, extornal diametor. The inside of this tube was
conted with a deposit of silver, which was placed in metallic eon-
nexion with the insulated terminal of the electrometer. The outside
of the glass was covered with wet blotting-paper connected to the
case of the electrometer. No increase of conductance was produced
in the glass when the Rontgen rays were played on it.

We next xremoved & part of the wet blotting-paper from the
outside of the glass, and, after charging the insulated interior met-
al deposited on the inside of the glass, we heated the exposed part
with & spirit flame, in this way making the glass a conduetor. The
charge was completely removed in 21/, minutes. We thus see that
our method is amply sensitive to the conductance produced in glass
by heating. ‘

The differences of potential concerned in the experiments de-
seribed in the last paragraphs were not more than two or three
volts per centimetre of paraffin or per half-millimetre of glass.

To extend our experiments to higher voltages we used the two-
leyden method deseribed in § 2. In the experiments on paraffin
the leyden A was the aluminium cylinder filled with paraffin in
which an insulated metal — now connected to the inside coating
of B — was embedded, already referved to. With this arrangement
we found that, with a difference of potential up to 2500 volts per
contimetre of paraffin, no increase of conductance was produced by
the Rontgen rays. '

In the experiments with glass the leyden A consisted of the
gluss tube already used. Its inside coating of silver was now con-
nected to the inside coating of B. With glass also we could not
find any incresse of conductance produced by the Rintgen rays
with differences of potential reaching up to 2000 volts per half-
millimetre of glass.

M, Smoluchowski I 5
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§ 4. Analogous Effects produced by Flame and by Rintgen Rays.

Two similar sticks of paraffin, which we shall call C and D
respectively, each of about 4 sq. em. ecross section, were coatod
throughout half their lengths with tinfoil. These tinfoils ought to
be each metallically connected to the case of the electrometor.

To obtain a sufficiently delicate test for theiv eloctric state,
a metal disk of 3 cm. diameter was fixed horizontally to the
insulated terminal of the electrometer.

The two pieces of paraffin were first diselectrified by being held
separately in the flame of a spirit-lamp. Their nontinfoiled onds
were then pressed together, and their electric stato tosted affor so-
paration. It was found that they were still free from electric charge,
After this, D was charged by being held over the pointed eloctrode
of an induetive electric machine. The quantity of eloctricity given
to it in this way was roughly measured by unoting the electrome-
ter reading when the paraffin was held at a distance of 4 em.
above the metal disk connected to the insulated terminal of the
electrometer.

The free ends of C and D. were again held together, and, after
separation, both pieces were tested separately. The churged one, D,
had suffered no appreciable loss, and the other, C, induced an clec-
trometer reading of a few se. dive. in the same direction, when
beld as near as possible to the metallic disk without touching it.
This showed that an exceedingly minute quantity of electricity had
passed from D to C when they were in contact,

O was then digelectrified by being held in the flame. The ends
of O and D were again put together — D still having the charge
previously given to it — and in this position were passed through
the flame. They were tested with their ends still pressed together,
and it was found that, when held as near as possible to the metal
disk without touching it, no reading was produced on the electro-
meter, After this they were separated and tested separately; and it
was found that D, when held over the disk, gave a large reading
in the same direction as before the two with their fres onds to.
gether had been passed through the flame, and O (which was pre-
- viously non-electrified) gave a laxge reading in the opposite dir-

ection.

Exactly similar results were obtained with the two paraffin
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sticks whon Rintgen rays were substituted for flame, and when
glasg or ehonite was used instead of paraffin. »

The explanation clearly is this: — The flame or the Réntgen
rays pub the outer paraffin surfaces of C and D temporarily in .
conduetive communication with the tinfoils, but left the end of D,
pressed as it wus against the end of O, with its charge undisturb-
od. This charge induced an oqual quantity of the opposite electri-
city on tho outer surfaces of the paraffin of C and D between the
tinfoils; half on O, half on D,

Whon tho application of flame or of Rintgen rays was stopped,
this eclectrification of the outer paraffin surfaces became fixed. D,
presented to the clectrometer, shewed the effect of the charge i{)i-
tially given to its end, and an induced opposite charge of half its
amount on the sides between the end and the tinfoil. C showed on
the electrometer only the effect of its half of the whole opposite
charge induced on the sides by the charge on D’s end.

We have here another proof that paraffin is not rendered larg-
oly eonductive by the Rontgen rays. Had it been made so, then
tho chargo given to the end would have leaked through the l?ody
of the paraffin to the outside, and have been carr%ed away elth.er
by the tinfoil or by the conductive air surrounding the non-tin-

Afoiled parts.

To show that the induced charges were fixed on the sides, the
two sticks, O and D, were next coated with tinfoil throughout their
whole length, only one end of each being uncovered. The uncoated
end of D was then charged and pressed against that of C, and the
two were held either in the flame of a spirit-lamp or in the Ront-
gen rays, When taken out of the flame or the Réntgen rays, and
then separated and tested separately, it was found that D had re-
tained its charge practically undiminished, and that C had acquir-
od & very slight charge of the opposite kind. . )

§ b, Leakage of Llectricity from an Lilectrified Body in gases
other than air at ordinary pressure, due to the presence of uranium.

Wo were able to investigate the rate of leak in different gases
by moans of the smaller piece of uranium mounted in & glafxs bulb
a5 desoribed in § 2 (fig. 3). The gas used was first stored in a re-
servoir over wator. It was then bubbled through strong sulphuric
acid and passed over caustic potash, caleinm chloride, and phospho-

ric anhydride into the glass bulb. The bulb was first exhausted to
5*
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an atmospheric pressure of about 6 mm. then the gas to be used
was passed into it. It was again evacuated and refilled. This was
repeated about twenty times. Finally, it was strongly heated so as
to draw off any adhering layers of the gas which had previously
been in the bulb, and then allowed to cool in an atmosphere of
the gas at 760 mm. pressure. One of the tubes was thon sealed
up; the other was closed by a wellfitting - and woll-greased gluss
stop-cock., ‘

The following tables give the results  obtained with the gases
we have experimented on:

Hydrogen.
Leakage per minute
Voltage. in ge. dive.
2 volts. C 32
4 , 37
22 39
34 38
100 39
13 ‘38
Owygen.
4 , 126
96 157
Carbonic Acid.
4 94
9% , 167
238 188
255 180

2900 Spark discharge,
[Sensibility of electrometer 140 sc. divs, per volt].

The results given for these three gases are comparable to the
st'acond series of results given in § 2 for conduetance produced in
air hy uraninm, We see that the rate of leak is greater in oxygen
than in air. No comparative figures need be given as. these would
vary according to the voltage chosen. The leakage in hydrogen is
less than in air; in earbonic acid ‘it is less for 4 wvolts but groater
for 90 volts than it is in air. For the latter voltage the leakage
in earbonic acid is greater even than the corresponding leakago
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for oxygen. The appended curves show the peculiarities of the leak-
age in the different gases (fig. 7).

§ 6. Leakage in different Gases at different Pressures due to
Uranium.

B ——— " . P e—

e Adid .
L farboni Dobepen

150 S poiemm ]

' -- Aiy

f o : )
[y P! SO KOrWS i s ) F e AP AN SO, !
3 60 20 120 150 180 210

Leakage per minute in scale-divisions.

Voltage.
Fig. 7.

+The method of filling the glass bulb with any given gas has
already been described in § B. The vacuums up to 2 mm. were
produced by a double-barrelled air-pump; higher vacuums were
produced by a Topler pump.

The following tables give the results obtained with the gases
we have used: ‘

Air.
o B 1 [ X
Leakage Leakage o P
Atmospherie per minute  per minute
prossure in mms, for 4 volts. for 96 volts.
760 100 131 ‘132 172
240 44 46 183 192
190 40 . 39 210 -205
121 24 26 197 214
64 12 135 187 212
b8 110 100 ‘189 172
23 44 375 191 163
36 12 12 -339 -339
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It will be seen from the last two columns of tho tuble that th
rate of leak at 4 volts and at 96 volts is noarly proportional to
the atmospheric pressure. The results obtained at 36 mm. are
not very trustworthy. With lower pressures no appreciable leakage
at these two voltages was ohserved.

Hydrogen.
o, 5 B B.
Atmospheric  Leakage per minute o Vm'
pregsure in mms. at 4 volts,

760 317 041 143

197 11 0b6 11
66 4 ‘061 ‘B0

8 15 ‘187 b5

With lower pressures no leakage wis observed. The rato of
leak is at higher pressures somewhat approximately proportional
to the pressure, at lower ones to the square root of the pressure,

Ouxygen.
Atmos;'heric Leakage r?r:ar minute o P
pressure in mms. for 4 volts. V“
L7600 126 . ‘16 4b
205 485 95 33
64 150 24 29
2 ' 20 1-00 |

Carbonic Acid.

Atmospheric eakag i inud;
pressurexin mms. b 31;31% eésp\(f’(l;ltr:.mum Leni}’:cﬂ'g(i’l.(}}ooifv?tl:.“m
760 94 167
62 18 a1
2

not observable,

’.F‘he curves for air, oxygen, and hydrogen, given iu fig. 8, were
obtained by taking the atmospheric prossure in mm. as abscissa
and thé leakage per minute for four volis as ordinate,

§ T. Measurement of the Digference of Potential hetween wires
of one metal connected with two mutually insulated wmetals when

the airﬁ betw.een them is rendered conductive by Rontgon rays, by
ultra-violet light, and by uranium. ‘

icm
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The fact that gases are made conductive by Rontgen rays, by
ultra-violet light, and by uraninm supplies us with a means of
measuring the difference of 'potential between wires of one metal
connected with two mutually insulated. conductors. This method has
already been used by Righi. Ie determined the differgnce of po-
tential of wires of one metal connected to two mutually insulated
conduetors by rendering the air between them econductive under
the influence of ultra-violet light. Minchin, Righi, and Murray
have made experiments of a similar kind with Réntgen rays.

ki

Leakage per minute in seale- divisions,

0

Atmospheric pressure in mms.
Fig. 8

In our experiments to measure this difference of potential be-
tween wires of one metal connected to two mutually insulated con-
duetors by rendering the air between two mutually insulated'com
ductors conduetive by mesns of Rontgen rays, we used a cylinder
of unpolished aluminium connected to the case of the electromet(_ar.
Along' the axis of this a conductor was placed, supported by its
ends on small blocks of paraffin. This insulated conductor was con-
nected by a copper wire to the insulated fterminal of the electro-
meter, Suitable means were taken to protect this connecting wire
from induetive effects (sce fig. 9).

The Rontgen lamp was placed in a lead cylinder c«onnfaeted to
the case of the electrometer. The rays passed into the eylinder of
aluminium through a window in the lead cylinder 2 cm. broad
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and 4 em. long. This window could be sereened or unsercened
at will.

The course of the experiment was the same with cach insul-
ated conductor. The conductor was charged first positively, thon ne-
gatively; the Rontgen rays were then eaused to shine on it through
the aluminium cylinder surrounding it and the electrometor-readings
taken at fixed intervals, until a steady reading on the eloctrometor
wag obtained. The point at which the electrometer-roading romained
steady with the rays acting we shall call tho rays-sero.

Finally, the insulated conductor was discharged by metallie con-
nexion in the electrometer and re-insulated; tho rays wore again

aéwwhm‘tm Tw{m Laa.c{ Tuke

- w

v

Lotad Sheaths

:R &;th,m1 L' 0.«?‘:441'!

Fig: 9.

caused to shine on it 4l the deviation from the metallic zoro roach-
ed the rays-zero and there remained steady.

This deviation from the metallic zero was nof stopped by plae-
ing an aluminium screen over the window of tho lead cylinder
surrounding the Rintgen lamp; on the other hand, it was stoppod
if a lead screen was usod. 7 &

In the following table, column IT. gives the potontial-difforences
f’f the rays-zero from the metallic zoro for twolve different metam
insulated within the unpolished aluminium oylinder as describod
abm-fe. Column IIL gives the differences for two of the samo mot-
als in the interior . but with the suerounding alumininm cylinder
altered hy its inner surface being polishad Hy omory-papor,
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L IL . 1L

Ingulated metal.
Magnesium tape .

Amalgamated zine .’

Polished aluminium . . . — 465

— 871 of a volt.

Polished zine . — 343 »
Unpolished aluminium — 349 » -85 of a volt.
Polished lead . — 257 ” ) ‘

Polished ecoppor . . . . . --129 »

Polished iron nail -+ 182 "

Palladium wire - +255 "

Gold wire -+ 264 " 930
Carbon . - 429 ” _

It will be noticed that the difference of potential depends very’
much on the state of polish of the two mutually insulated con-
ductors, : ‘

To make similar experiments with ultra-violet light we used
the brass wire gauze cage arrangement described in § 2. That is,
we have now air between the wire gauze and the insulated con-
duector rendered conductive by ultra-violet light. The insulated eon-
ductor was 2 cm. distant from the gauze. The steady electro-
meter-reading after the two pairs of quadrants were insulated and
the ultra-violet light shining (which we shall hereafter refer to as
the wultra-violet-light-zero) was observed. The difference of potential
indicated on the electrometer between the rays-zero-and the met-
allic zero does mot give, however, the contact-force between the
gauze and the insulated conduetor within, The reason for this we
shall see in the next section.

The following table shows the steady potential-differences in the
electrometer due to the conduetive effect produced by ultra-violet
light in the air betwoen the brass wire gauze and the insulated

conductor,
Potential-difference.

— 15 of a volt.

Inpulated metal.
Polished zine . .

Polished aluminiam . . . . . — 66 .
German silver . . . . . . . — °19 ”
Gilded brass . e 04y,
Polished eopper . e 12,

Oxidized copper e 102 »
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When the ingulated metal was charged either positively or ne-
gatively and the ultra-violet light let fall on it, the electromoter-
reading deviated until the ultra-violet-light-zero wag rcached. Tho
rate of deviation was the same for a positive or a negative charge
if we reckon the charge from the ultra-violet-light-zero.

We have used two different methods to measure the potential-
difference between wires of the same metal connected to two mut-
ually insulated metals when the air between them is rondered con-
ductive by the presence of uranium. Tho more convonient method
is to take uranjum as one of the mutually insulated metals, To do
this we fixed a metallic disk, 3 cm. diameter, to tho insulated
terminal of the quadrant-electrometer. Opposite this disk, and se-
parated from it by air, we placed the disk of uranjum, BB em.
" diameter, connected to the case of the electrometer. With this
arrangement we found, after contact between the quadrants was
broken at the electrometer, a deviation from the metallic zero, Thix
deviation took place gradually till a steady reading was reached.
This steady reading we shall eall the uranium-conductance-zero, or
shortly the uranium-zero, If the insulated conductor had a charge
given to it of such an amount as to cause the electrometor-reading
to deviate from the metallic zero beyond the uranium-zero, the road-
ing quickly fell to this conductance zero and there remained
steady When no charge was given to the insulated metal the steady
uranium-zero was reached in about half a minute.

The following table gives the potential-differences found in
this way :

Potential-difference,
Metal. in volts.
Polished aluminium (1) immediately
after heing polished . . L 18
Polished aluminium (1) next day . . — 90

Polished aluminium (2) . — 100
Amalgamated zine e e = 80
Polished zine !
Unpolished zine . . )
Polished lead e e — b4
Tinfoil . . . .- e o— 49
Unpolished alumlnmm (1) R
Polished copper e X {
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Potentini-difference,

. Metal. in volts.
Silvercoin . . . . .. ... ... 405
Unpolished copper B i
Carbon . . . e e oo +20
Oxidized copper (@ ) e e . 42
Oxidized copper (8) . . . . . . . . <490

Tho great effect of the surfaces as to polish is very evident in
tho above table.

With a third specimen of oxidized copper a potentml -difference
of -85 of a volt was obtained. This pecimen was afterwards
connected to the case of the electrometer; a piece of polished alum-
injum was placed opposite it and connected to the insulated term-
inal of the electrometer. The uranium disk, insulated on paraf-
fin, was then placed between them, and the deviation -observed was
equivalent to a potential-difference of — 168 volts; that is, we ob-
tained an effect equal to the sum of the effects we obtained when
the metals were separately insulated in air opposite uranium.

Instead of placing the wuraniwm directly opposite the insulated
metal in air, we also observed the uranium-zero by mutually insul-
atmg two metals in air, one of which was transparent to the uran-
ium influence.

For this purpose we made a tinfoil box with tinfoil sufﬁciem;ly
thin to be transparent to the uranium influence. The tinfoil form-
ing the box was connected to the electrometer case. Inside it
another metal was ingulated on a glass stem and placed so as to
be parallel to one end of the tinfoil box. This metal was connec-
ted to the insulated terminal of the electrometer. The uranium was
placed outside the box about half a centimetre: distant from the
end to which the insulated metal was parallel. The same uranium-
mero was obtained whether the uranium was insulated or connected
to the case of the electrometer. The time required to reach the
uranium-zero with this arrangoment was usually four or five min-
utes. A charge given to the insulated metal large enough to pro-
duco a deviation beyond the uranium-conductance-zero was dischar-
ged till this zero was reached. A charge causing the electrometer-
reading to doviate in the opposite direction was discharged to the
metallic zero and thence on to the uramum-conductance—zero, where
it remained steady.
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§ 8. Dependence of the Difference of Potential as measured in
§ 7 on distance between the two mutually insulated conductors.

A cardboard box, 46 cm. long, 19 em. square (see fig. 10),
lined with tinfoil, connected to the case of the electromoter was
used. Inside this box an insulated disk of oxidized copper 10
cm. diameter was supported in such a way as to allow of its
being fixed at different distances from the tinfoil-coated end-wall
of the box, facing it. Two windows were cut in tho side of thoe
box as shown in the diagram. The Rontgen lamp was placed outside
the box at the line joining the windows. These windows wore co-
vered with tinfoil gauze'to prevent inductive effects from the lamp.

ARG LANMP
Q‘ ELECTROMETER
’
o

_M_ETAL DISC

TINFOIL BOX

Fig. 10.

With the Rontgen rays shining in between the insulated disk and
the opposing tinfoil wall 8o as to illuminate both, the following re-
sults were obtained:

Difference of potential
between rays-zero
and metallic zero.

Digtance between
the surfaces.

-+ 168 of a volt. 12 em.
4179 ., 22 ,
-+-165 38
+-165 . 60

With a polished zine disk in place of the oxidized ecopper disk
we found:

— 580 of a volt. at 1 cm. distance.
~ 565 n n 1D, "
— ‘680 n n 30 4 )
— 640 » » 10 , ”
— 640 ,, p 1D, ”
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The effect of ehanging the distance hetween the opposed sur-
faces is to vary the capacity of our arrangement. Had the Ront-
gen rays given a charge to the insulated conductors other than
that necessary for the equalization of the volta difference of the
two mutually insulated conducting surfaces, this would have been
shown by a. variation of the potential-difference observed in the
alectrometor when the distancos were changed. We should not, how-
ever, bo justified in concluding that the difference between the
rays-zoro and the wotallic zoro is the contact-difference between the
oloctrically coffective surfaces of the mutually insulated conduetors.

Weo used the samoe arrangement with ultra-violet light. A glance
at fig. 10 will show how the light was placed so as to fall on both
surfaces. The insulated conductor employed was the same oxidized
copper disk as used in the Rotntgen rays experiments, The differ-
enco between the metallic zero and the ultra-violetlight-zero was
found to depend on the distance between the two surfaces. This
will be seen from the following table: '

Differenco of potential between
ultra~violet-light-zero Distance between
and metallic zero. i the surfaces.
- 616 of a volt. 6 om,
+ 30, 1
-+ 805 " 2
+ 95 3
41206 4
+1or 43
-+ 116 " 50
- 1042 " 70

The fact that tho ultra-violet-light-zero depends on the distance
betwoeon the two mutually insulated conductors was first observed
by Righi, Wo have here something in roality much greater than
a moere equalization of tho volta difference between the two surfa-
cos, and wo cannot say that the difference of potential between the
ultra-violot-light-zero and the motallic zero at any arbifrary distance
is the volta difference botween the electrically effective surfaces of
the two motals. «

To ohservo the uranium.conductance-zero at different distances
an aluminium box connecied to tho case of the electrometer was

* ¥ ¥ I 3NN
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substituted for the tinfoil one. The insulated metal was again oxi-
dized copper — not, however, the same specimen as was used with
ultra-violet light and with Rontgen rays. The uranium was placed
outside the aluminium box about 5 mm. from the end, to which
the oxidized copper was kept parallel.

Distanco betwoeen

the mutually
insulated surfacon.

Potential-difference between
uranium-conductance-zero
and metallic zero.

-+ 96 of a volt. B em.
+ 91, 5
+ 95 » 2'0 P
- 98 » 40
-+ 108 " 80

We see that the potential-difference does not depend on the
distance. We cannot, however, infer that therefore the difference
between the conductance-zero and the metallic zero is the condact-
difference hetween the electrically effective surfaces of the mutually
insulated conductors. .

8 9. Difference of Potential due to Uranium in different Gases
at different pressures. )

To observe the effect of different gases at different pressures
on the uranium-conduetance-zero we used the small piece of ura-
nium mounted in a glass bulb as described in § 2. The precau-
tions taken in filling the bulb with gas are also described in the
same section.

The uranium was connected to the insulated terminal of the
electrometer and the zine cylinder to the case of the electrometer.
In the following table the results obtained with air, hydrogen, and
oxygen are given.

Difference of spotential between the unranium-conductanco-zero

Pressure, and the metallic zero.

in mm. Hydrogen.

760 ~+1T%f a volt.
(in about & minute;
afterwards steady).

193 - 412 of a volt.
(in about a minute;
afterwards steady).

66 405 of a volt.

(6 minutes).

Air,
=11 of a volt,
(in about a minute;
aftorwards stoady)

Oxygen.
4105 of a volt.
(in about a minuto;
aftexrwards steady).

11 of a volt.

(3 minutes).
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Differenco of potential botween the uranium conductance-zero
Prossuro, and the metallic zero.

in mm. ;
Hydvogen. Oxygen. Ai
8 04 of a volt. F "

(8 minutes).
2 e ~4-10 of a volt in 27 minutes.
Zydoe ‘0D of a volt in 28 minutes.

The wranium-conductancezoro between mutually insulated uran-
jum and zive differs much less from the metallic zero than it did
with tho areangement described in § 7. This is probably due to
the oxidation of the zine of the zine cylinder. The conductance
zero, however, it will be noticed is approximately the same in. all
three gases, '

§ 10. Voltage necessary to produce a Spark between Uranium and
Zine at different atmospheric pressures when the distance apart was
congtant,

The small picce of uranium before referred to was used. The
distance between it and the surrounding zine eylinder was about
2 or 3mm, We found that at ordinary atmospheric pressure spark-
ing took place in air at 4800 volts. At 232 mm. pressure the po-
tential nocessary to produce a spark fell to between 1500 and 2000
volts, At 127 mm, it had fallen to between 1100 and 1300 volts.
At b4 mu. it was T00 volts; at 7 xam. 420 volts. At about vy
mm, the voltage had risen again to 2000 volts.
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