
CIHM
Microfiche

((Monographs)

ICIMH
Collection de
microfiches
(monographies)

Canadian Instituta for Historical Microraproductior* / Institut Canadian da microraproductions hittoriquas

T*^
Wiw** *«--»' "'"

''»X'»

i',-, T 4



Technical and Bibliographic Notes / Notes techniques et bibliographiques

The Institute has attempted to obtain the best original

copy available for filming. Features of this copy which

may be bibliographicaily unique, which may alter any of

the images in the reproduction, or which may

significantly change the usual method of filming are

checked below.

D Coloured covers /

Couverture de couleur

I

I

Covers damaged /

Couverture endommag6e

Covers restored and/or laminated /

Couverture restaur6e et/ou pellicuieeD
I I

Cover title missing / Le titre de couverture manque

I I
Coloured maps / Cartes geographiques en couleur

D
I

I

Coloured plates and/or illustrations /

Coloured ink (i.e. other than blue or black) /

Encre de couleur (i.e. autre que bleue ou noire)

D

D

Planches et/ou illustrations en couleur

Bound with other material /

Reli^ avec d'autres documents

Only edition available /

Seule Edition disponible

Tight binding may cause shadows or distortion along

interior margin / La reliure serr6e peut causer de

I'ombre ou de la distorsion le long de la marge

int^rieure.

Blank leaves added during restorations may appear

within the text. Whenever possible, these have been

omitted from filming / Use peut que certaines pages

blanches ajout^es lors d'une restauration

apparaissent dans le texte, mais, lorsque cela 6tait

possible, ces pages n'ont pas 6t6 (ilm^es.

Additional comments /

Commentaires suppl6mentaires:

This item it filmed at the reduction ratio checked below /

Ce doeufnefi! est U'.tr.i su laux de reduction ir,d=qu4 -Ude*»ous

L'Institut a microfilm^ le meilleur exemplaire qu'il lui a

6t6 possible de se procurer. Les details de cet exem-

plaire qui sont peut-§tre uniques du point de vue bibli-

ographique, qui peuvent modifier une image reproduce,

ou qui peuvent exiger une modification dans la m6tho-

de normale de filmage sont indiqu6s ci-dessous.

I I

Coloured pages / Pages de couleur

I I

Pages damaged / Pages endommagees

Pages restored and/or laminated /

Pages restaur^es et/ou pellicul^es

Pages discoloured, stained or foxed /

Pages d^color^es, tachet^es ou piqudes

I I

Pages detached / Pages d6tach6es

FTI Showthrough / Transparence

I I

Quality of print varies /

n

D

Quality in^gale de I'impression

Includes supplementary material /

Comprend du materiel suppl6mentaire

Pages wholly or partially obscured by errata slips,

tissues, etc., have been refilmed to ensure the best

possible image / Les pages totalement ou

partiellement obscurcies par un feuillet d'errata, une

pelure, etc., ont 6t6 film6es k nouveau de fafon k

obtenir la meilleure image possible.

Opposing pages with varying colouration or

discolourations are filmed twice to ensure the best

possible image / Les pages s'opposant ayant des

colorations variables ou des decolorations sont

film^es deux fois afin d'obtenir la meilleure image

possible.

lOx 14x 18x 22x 26x 30x

J

12x 16x 20x 24x 28x 32x



The copy filmed hare has b««n reproduced thanks

to the generosity of:

Engineering Sciences Library,
Queen's University

The imeges appearing here are the best quality

possible considering the condition and legibility

of the originel copy and in keeping with the

filming contract specificationa.

Original copies in printed paper covers are filmed

beginning with the front cover and ending on

the last page with a printed or illustrated impres-

sion, or the back cover when appropriate. All

other original copies are filmed beginning on the

first page with a printed or illustrated impres-

sion, and ending on the last page with a printed

or illustrated impression.

The last recorded frame on each microfiche

shall contain the symbol ^^ (meaning "CON-
TINUED"), or the symbol V (meaning "END"),
whichever applies.

Maps, plates, charts, etc., may be filmed at

different reduction ratios. Those too large to be
entirely included in one exposure are filmed

beginning in the upper left hend corner, left to

right and top to bottom, as many frames as

required. The following diagrams illustrate the

method:

1 2 3

1 2

4 5



L'exemplaire filmd fut raproduit grdce i la

gAn6rosit6 de:

Engineering Sciences Library,
Queen's University

Las imagas suivantas ont iti raproduitas avec la

plus grand soin. compta tanu da la condition at

da la nattatA da I'axamplaira filmA. at an
conformity avac las conditions du contrat da
filmaga.

Laa axamplairas originaux dont la couvartura en
papiar ast imprinnia sont filmis an commanpant
par la pramiar plat at an tarminant soit par la

darniira paga qui comporta una amprainta
d'imprassion ou d'illustration, soit par la sacond
plat, salon la cas. Tous las autras axamplairas
originaux sont filmts an commandant par la

pramiAra paga qui comporta una amprainta
d'imprassion ou d'illustration at an tarminant par

la darniira paga qui comporta una talta

amprainta.

Un das symbolas suivants apparaitra sur la

darniira imaga da chaqua microficha. salon la

cas: la symbola —»• signifia "A SUIVRE". la

symbola V signifia "FIN".

Las cartas, planchas, tablaaux. ate. pauvant itra

filmAs i das taux da reduction diffirants.

Lorsqua la documant ast trop grand pour ttra

raproduit an un saul clichi. ii ast filmi A partir

da I'angla sjpAriaur gaucha. da gauch* i droits.

at da haut an bas. an pranant la nombra
d'imagaa nicassaira. Las diagrammas suivants

illustrant la mtthoda.

2 3

5 6

:v4i^ iai^i^;i3^..Si^-'^r " 'W^': ^i



MICIOCOrV iriSOlUTION TKT CHART

(ANSI and ISO TEST CHART No 21

1.0

I.I

1^ 1^
12.2

132

I" 12.0

11.25 iu 1.6

A •APPLIED I^A^GE Inc

1653 tail Mot Slreel



BULLETIN
OF THK

ROYAL SOCIETY OF CANADA
No. 14 Published October 4, 1909

ON THE ACTIVE DEPOSIT FROM ACTINIUM IN
UNIFORM ELECTRIC FIELDS.

By W. T. KENNEDY, B.A.
Commanicatctf by Prof. J. c. McLENNAN

OTTAWA
I'uhlished by the Royal Society oi- Canau^,

1909





m

Section III., 1909. [3] Th.*ns. R. S. C-

On the active deposit from actinium in uniform electric fields.

By \V. T. Kk.\,m;i)v. K.A.

communicated by Profe.sor J. C. McLennan, and read before the Royal
Society of Canada on May 2C. 1909.

Inteoduction.

In a number of experiments whicli hare been carried on with the
emanations and the emanation pro<luct3 from the radioactive sub-
stances, it has been ghown by Rutherford > that with thorium
emanation, the amount of activity imparted to a rod charged
negatively was independent of tlie pressure until a pressure of
10 mm. was reached, and that below this pressure it decreased
as the pressure in the containing vessel was lowere<]. At 1/10
mm. pressure -t was only a small fraction of its maximum amount.
Makower* has shown similar eflfects with the excited activity from ra-
dium emanation. Further, Rutherford « experimenting with radium
emanation, found that at atmospheric pressure the greater part of the
active deposit went to the cathode, while only about 5 per cent went b>
the anode. From these results he has drawn the conclusion tliat while
most of the active deposit particles of radium are positively charged, some
at least must carry a negative charge in as much as tTiev are dra'wn to
ttie anode in electric fields.

•More recently l{„s8 * shcwe.! tliut when [m.^itixeiv an,! ncgativi-lv
cliarged electrodes were placed in a vessel containing either air, sulphur
'lioxi.le, or hydrogen charge.! with the emanation from radium, that the
'relative amounts of the active deposits obtained on tho two electrodes
varie<l with the pressure at which the exposures were made. With all
tliree gases, the m'tive deposit on the negative electrode gradually de-
creased as tlie pressure was lowere<l, while that obtaine<l on the positive
el.rtro<le showed a correspondiug intri'ase, until ultimately at the lowest
pressure investigated, the amounts of the activo deposit obtained on th^
two electrodes were approximately equal.

In a second paper, Kuss » gives an account of a similar set .if ob-

' Rutherford. Phil. Maif.. Feb.. 1900.

<Makower, Phil. Mag.. Nov., 1905.

"Rutherford, Phil. Mag.. Jan., 1903.

* Rubs, Phil. Mag.. May, 1908.

Ru8s. Phil. MaK., June, 1908.
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servations made with the emanation from actinium. In these experi-

ments, positively and negatively charged electrodes were again cxposiMl

in a vessel filled witli air and containing a quantity of actinium. In tln>

case as the pressure of the air was lowered the amount of the active (h-

posit obtained on the negative cloctroile gradually increased, pa^-cil

through a maximum value at a certain critical pressure, and ultimatclv

fell away again at the lowest pressure investigated.

On the other hand in these experiments I?uss found that the lutu''

deposit obtained on the positive electro<le steadily decreased as the pii~;

sure of the air was lowered.

Russ also describes a series of experiments in which exposures; wir-'

made in air when the distance between the actinium and the elcctroili^;

was gradually incroa,scd. The results which ho gives show that, with tin-

air at 760 mm., the amount of tlie deposit obtained on the cathmi.'

steadily decreased as the salt was placed at distances varying from '3 t"

.lO mm. from the electrodos. Under similar circumstances the amount

obtained on the anwle at first increased as the salt was removed, luiil

finally after passing through a maximum value, fell away again at tlio

longer distances. Witli the air at 2 mms. pressure, however, the amount

•obtained on the catiiode steadily increased as the distance of the suit

from the electrode was varied from 2 to 42 mms., but the active deposit

obtained on the anode with the same variation of distances, gradually

decreased.

In discussing his results Russ points out that Debierne had foimil

tliat the amount of emanation obtained at atmospheric pressure from a

uniform layer of actinium fell to half value in going ..5.5 cms. from ttio

layer and that conspqtifntly one would expect to find a decrease in thi^

activity of the elpctro<les as the salt was romovod. and possibly, too, ;i

continuance in the ratio of the activities of the deposits obtained on the

two exposed terminals. The results given by him, however, show that

this was far from being the case.

In the various experiments referral to above on the active deposits

from ri'.diimi. thoviniii. :in(l ••ictininin. tlic dilTiTi'nt investigators

—

wil!;

the exception of Debieme—do not appear ti> have taken any precaution

to study the behaviour of the active deposits with uniform electric fields.

and, as it was thought that some points which are more or less obsciire

in connection with these active deposits might he cleared up if they weri>

studied in this manner, it w-^ decid(>d to apply this method to the in-

vestigation of the active deposits from actinium, which on account of tlte

short life of its emanation is peculiarly suitable for the study of the-i^

active deposit products.
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» 11. Aj'PAIUTLS.

The apparatus consiBted of a metallic (ylindi'r alM.ut 5.5 cms. in

diameter which was Fupported hdrizontnlly in an air-ti^ht chanihcr.

Into this cylinder (a.« shown in Fijr. 1) there were fitted two electrode?

provided with guard plates. The salt was carried in a small tray which
(ould move freely up and dow.i in a vertical tahe (1.5 cms. in diameter)
whieii led into the cylinder. Tiie tray coukl l)e clamped in position at

My desired distance from the ehntrodes. and tiic hitter, which were
capable of ea.sy motion, could readily he jjlaced in the exposing cylinder
ill any selected distance aj)art. The air-tight chainU'r wis also provided
with tuhes for the admission and removal of tiic different gast^s used,

and tlirough its base, wires suitably securni were led for the purpose of
liiarging tlie electrodes. The electriKles, which were circular, were 2.5

cms. in diameter and the guard-plates which s\irrounded them were encii
.'> ems. in width.

III. Me.vsl'resiexts.

In the various e.\periment.s which are to be described later, the
sample of actinam used was obtained from' the Ciiininfabrik, Braun-
schweig. In making the exposures the electrodes were exposed in everv
ciK! to the action of the emanation for two hours before being removed
frcm the exposing vessel I'or measurement. The activities of the elec-
tnxlcs were tested by an ordinary alpha ray gold leaf clect'oscope, and
all the valui>8 which are quoted in the paper represent the activities of
the electrodes 10 minutes after the exposures ceased. In making the
measuremenis of the activitiiw of the two electrodes, ob>ervations''werr
("ntimied for a period of forty or fifty minutes. From these observa-
tions, of which Fig. X is illustrative, the rates of decay of the deposits
(in both anode and cathode were found to be the same, and to be ap-
prcximately aboTit 3!» minutes. Tn making all the exposures the elec-
trnflcs were charged t<) a potential of appro.ximately 850 volts.

IV. Active Deposits and Distaxci; Betwkex the Electrodes.

In commencing the study of the active dejwsits from actinium, a
-ct of measurements was made on the active deposits obtained on the two
jl.rtrmles when the salt was phici>d in the vertical tulv at a constant
distance from the cylinder and tlic electrodes were gradiiallv s<'parated.

In a particular set of observation'^ the plates were placed verticnilv 1 mm.
apart, and the salt was brought as close to tliem as the constniction of
tlic apparatus would permit. With this arrangement, the salt which was
ahvavs covered with a layer of thin filter paper, was at a distance of 11
nuns, fnmi the lower eilge of the plate e!e<'trode.

I
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Observations were made at atmospheric pressure on the active .1p-

posits obtained on both electrodes for distances 1, 2, 3, 4, 5, G an.
I
H

mms., ami the results are all recorded in Table 1. A curve iUustiatinr;

them is shown in Fig. 11. From these results it will be cecn that as t!,p

electrodes were separated the activity obtained on botli plaU-s steadily

decreased. With distances apart greater tlian 3 mms. no measiirahle

activity wa-s obtained on the anode, but with the greater distances, viz..

8 mms., the active dej i:sit obtained on the catlio.le was still aboiil ..,„.

half that obtained on the same terminal for a sei)arati()n of only 1 mm.

TABLE I

Separatior ' I^lectrodes Ai'tivity on the Cathode AHivitv on the Ai

mm. 17 .15

2 mm. i;i.7 I

3 mm. 11.5

4 mm. 10 3

5 mm. 9

6 mm. 8.7

8 mm 8.6

V. Active Deposit.s and Dist.wck of S.vlts From the Ei.F.rTnnDi :

Measurements were also made on the active deposits obtained on li

electrodes at presstires of ;t!0, 120, 25 and 5 mms. of mercury, when ti

dlistancc between the electrodes was maintained at 2 mms., and the -a

placed at a series of distances from the electrodes varying frani 1.1 nn

to 5 cms. These results are recorded in Table II, and curves illii'ti ^t

tlum are drawn in Figs. Ill, IV, V and VI. From the nunihe,- :'

and from the form of the curves it will be seen that for all pnssuiv- •

activity obtained on both electrmles steadily decreased aF the .li i

between the salt and the electrodes was increa.sed. This result, p.
-

be seen, is somewhat different from that obtained by Russ with !p- '

paratus, for, as stated above, he found at certain pressures that the :

deposits slightlv increased a^ the salt was reiuove.l, attained nv.w
^:

values at certain distances and finally fell away as the salt was stil! f

tlicr removetl.
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ACTIVE DEPOSIT FROM ACTINIUM

TABLE II

m

VJO miit. 1 1 cms.
• 73 5.5

u
2.0 '

1 36.8 3 2
m

[
3.5 • 16.5 17

**

4.0 "
t 6.3 .7

25 mm. 1 . 1 cms 63.5 27.0
"

' 2.0 •
i 41.0 17.5

M
3.5 " 25 3 11.8

M
5.0 •• .5.7 6 7

5 mm. 1 . 1 cms 32.3 29.5
M

2.0 " 27.0 '

1

23.7
m

3.5 •

\

16.0

5.0 • 13 5 11 3

AcTiviTT OP Deposits in Aik Dependent Upox Pbessure.

Tlie ne.vt variation made in the experiments was to keep the elec-
trodes at a constant distance apart, 2 mms., and the salt at a &xed dis-
tanpc 11 mms. from them, while the pressure of the air was gradually
ImvtTcd and the activity of the deposits corresponding to different pres-
sures was measured. The range of pressures investigated was from 750
nnns. u> .5 mm.s. of mercury. Tahio III gives the results for air. and
ii?>. \ir, VIII, and TX, were drawn from them and illu=trnto the
manner in whit;, the deposits ocourred at the various pressures. The
curves for both electrodes, it will be scon, follo-v simihir laws. The

. t"

I
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activities on both electrodes steadily roa- as tlic pressure fell, both pas>o<l

through maxinium vtlues and both fell away again and approadid

equality at tho lowest presi-ure.

Tlie maximum activity for the cathode was o! tained at a pn-ssun-

of 80 !nms., while that on the anode was not obtained until a prc-^suro

of IT nun'', was reached. The maximum catliodic deposit, it wil! k'

seen, too. was only aiwiit 3.7.') times that ol)tain<'(l on the anode.

tabu: m

Pressure

1

i
Activity on the Cathode Activity on the .

.5 mm. 11 7 11 ;i

1.0 " U 5 140

2 " 18 5 17

7.5 " 37 5 29 (1

12.0
• 49.0 33

25 •• 62 5 28 :,

42 - 82 3 17 7

72 " 92.0 10.0

92.0 " 91 7 ")

120 " 76 ,5 .1

13? • 73 5.0

162 "

1

!

1

68 4.1)

192 •

i

1 66 5 3.0

320 "

1

43 1 l.")

501) U " ;n 1 .70

1

7M) Ai •

!

20 5
1

-

Frimi time ti> time det^ay curves were drawn for the a(ti\f .!• ;> -n-

obtaiiu'tl oil the two cU. tnxles, aiid if wa« always found that tli'- tl-

posiu* (UH-reascd in activity to half value in aliont :(:• minutes, irn-i. .
tn'

of ibi' clectrofje upon wliirli tlic> licpo^it wa^ obtuirn'il. Tin* fart, mm

bim!<l wilii the similarity ol' form in tii" activity curve» for tin- !». !..

t-o(ies, (jDcs to chow that with both clirtrodes tho ilcposit alwm- '

pfeti'il of till' same traii>mut(itio prmliid ami that the dilT-ri'mv :

«'

amoiiiits obtftineil on tho two tcniiiiiaU iini-l lir tia-nibli- i" 'li'

0^iL*i

^w^:it^ 'ii^;

1 '" **'

rffi ^^??>*'fc,i5^^.i?<:**^»T;-^
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ill llic charfre acquired by the deposit particles in their passage, by dif-

fusion or otherwise, throtigh the air. The phenomenon of raoil recently
noted by Otto Ilahn > must also have been nn important factor in con-
tributing to the (lej)osit on both electrodes.

VI. Activity of Deposits Obtained m C.\rbon Dioxide at
Different Pressuees.

In order to study how the deposit* might Iw affected by a modifica-
ticn m the conditions of diffusion a set of measurements, similar
to those carried out with air, was made with carbon dioxide at pressifrea
varjing from 750 mms. to 1 mm. of mercury, and the values of the
iutive deposit* obtained are recorded in Table IV. From these results,

TABLE IV

Pressure

1 mm

8.0 "

18 ()
"

30 "

40.0 "

73 "

105 -

123 "

235 -

480

T.-iO O •

Activity on the Cathode

15 «

37 5

»} .".

75 5

79 5

81 n

72

fK) 5

46 7

22

II 7

Activity nn the .\node

14 7

28 5

29 r,

19 »

10

9

7

5 N

3

'? 'I

thcnirves shown in Figs. XI and XH liavc bet-n drawn. It will be seen
thnt (lies., curves als<i follow laws siitiiiiir to tlnw obtained with air. and
timi ilic deposit-; on the two c!e<-trodcs grn.luiilly increased as the pressnn^
was loweriKl. Both pnss,>d tlirougli n innvimum and for still lower prrs-
si.rr. the active deposit r.n t)<)th plates dccrea.sed and ajipronchcd e<]Uttlity

fiT the lowest pressures investigiitcd. The maximum activity on the
nciri.tivc olwtrode was obtnin.>il at n pressun- of fiO mms.. while the

K.ul. PhyR. (Jes. XI Jihr No H

It^rW

^^^t '"^ibX^iik' ^js***"-
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maximum active de^xwit on the positive terminal was not obtained until

the pressure was 14 mms. The maximum active deposit on the cathode

was about 8.68 times the maximum deposit on the anode, and this, it

will be seen, is not very different from the ratio which was found for the

maximum activities obtained in the case of air. Care was taken in the

experiments with carbon dioxide and air to repeat all the observation.

a number of times, and the curves indicated in Figs'. VII and XII «. r,

uniformly obtained for the two gases under the conditions described.

TABLE V

thwh; Activit>Presnure Activity on the C'a on the Anmli-

l> mm. 21.0 20.0

46 « 52. 43.0

117
- X3 43.7

2.35 I(WO 27.7

457 U 87.3 15

7no u 78 ."J
8 .1

VII. Activity of Deposits Obtained in HYDnooEV at DirFEiiusT

PRE88UBES.

Another series of measurements was niatli; witli hydrogei , uii.!. r

conditions similar to those already described with air and carbon dioNid',

and the active depopits obtainoil at tlie various pressures are given in

Tible V, and a curve representing' thorn in Fig. XIII. From th^so nh-

servations it will be seen again, that as the pressure was lowereil. the

active deposits on both electrixles steadily increased, passed throiii;!i

majximum values, then decreased, and on the deciTBase approachod

equality at the lowest pressures examined. In hjdrogen the inaximum

active deposit on the cathode was obtained at about 250 mms., but the

maximum active deposit on the anode was not obtained until about Sf*

mms. pressure was reached. The maximum active deposit on the noca-

tive electrode wa^ about 2.3 times the maximum active drt)'>«it <ni the

positive terminal. Repoatwl measurements have not been made to cm-

flrm these results, but the same precautions were taken with hyilro'.'en

as with air and carbon dioxide. It will be seen from the values civii,

tliat the ratio of the maximum activities for the two terminals in the

case of hydrogen is ..nly slightly loss than corresponding ratios for dir

and carbon dioxide.
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VIII. C MPABISON OP THE ACTIVE DEPOSITS IN AlR, CaKBON DioXIDE,
AND HyDROOEX.

For purposes of comparison the active depfjsits obtained under the
various circumstances are collected in Table VI. From this table it will

be seea that the pressure at which the maxinmm cathode deposits were
obtained for the different gases are: carbon dioxide, 60 mms.; air, 80
mms.; hydrogen, 250 mms. These pressures are approximately in the
ratio I : 1.33 : 4.'i. Now, since the coefficient of diffusion of a gas is

inversely proportional to the molecular weight of a gas into which it is

ililTusod, and since, further, the coefficient of ditTusirju is inversely pro-

portional to the total pressure of the two diffusing gases, it follows, since

in this case the diffusing transmutation prwhict must be oxreediiigly

minute, that the coefficient of diffusion for the product will be inversely

proportional to the pressure of the gas into whicli it is passing.

TAllLi; VI

Gas
Activity deposit on

the Cathode

t

1 Pressure
.\ctivity depo^it on

1 the Anod3

Air 20.

1

t

1

1
7.5<> iniiiy 4.1

!•-' (inaxiiiiimi)
i

Mt inins

1

17 mills 33 (maximum)

II 7
1 ..IlllllX. 11 :i

Carbon Dioxide.. 11 7 750 minit ' .'5

H2 (inaximuiii) GO mms.

1

14 mm^ 31 (1 (niaTimura)

15 6 1 mm 14 7

Hydruiten 7^ ;! 7liO mini 8.3

tOS.O imsximuiii) 250 mm.i

80 mniM 46 (maTimiim^

Jl 6 mill* 20

I'urtluT, since the linixiiiuiiii aitivilies on the eatliode for llie dif-

ferent gases are approximately the same, i.e. 8v', !)3, and I OS. we may
!'H>k wpou the results as due to the ditfusiou of « nm.viiiiiii.i lii.-inlMitn.ii

nfa'Uvity in the three gns.'s. and conse.|ueutiy f.ir tlic critidil pn-Min-

»&;

Sl ^m
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given above, deduce an approximate estimate of the ratios of xUv >•,.

efficient of diffusion of the active product or products into tlie three ;.'a-r<

at atmospheric pre-*ure. These fc -v directly from the argument ju-i

presented and are all given in Table V'll.

TABLE VII

Ou

Carbon Dioxide.

Air

Pressure for maximiini

active deposit on the

oatliode.

Calculated ratios of tlic

coetficient of difTusio;; (•(

the active product inln ihc

ilifforent gases at ;itino-

phcric prcssuri'.

Hydrogen

60

80

250

1

1.3

4.2

Following the same line of argument in case of the anode deposits.

t ice the maximum effects were obtained at pressures 14 mms., 17 nuns.,

and 80 mm?., for carlwn dio.xide, air and liydrogeii respectively, it

follows tliat the ratios of the coefficients of difTusion of the active pnv

duct concerned were as 1 : 1.31 : 5.7, i.e, the relative coefficient for nir

was slightly lower and that for hydrogen somewhat higher than th.'

values deduced from the behaviour of the cathode deposits.

The ratios of the coefficients of diffusion of the active product con-

ceme<l, as deduce<l from the cathode deposits, are practically th.> >ami-

as some values given in a paper by Buss > and this agreement go'S \,^

show that it is a diffu.sion phenomenon which is the paramount one in

Uie present investigation.

The intervretatiou of the maximum effect obtained on each elec-

trode with the three gaws, however, i)re8ent8 some difficulty. One s1h»iH

have expecte<l, with the active deposits in the experiments in whi( li the

salt wa.s placed at different distances from the electrodw, that in the ea,^e

of the lowest pn«isures a maxinium value would have been obtaine.i fir

a certain eritical distan )f the salt from the i)lBtes. Hut, as the ( urve^

in Figs. V ami \l sliow, no such niaviiniini values ap|>eareil.

IX. .VcriVF. Dei'osit.s i\ tiii: AnsKst t. or Ei,i:rriti(" Finn-

Tn the experiments described up to the prewMit the active depo^it.-

.re all obtained with a jwlenlial difference of e- nroxiinately S-Mt \"lt-

iHtween the eleelriHles. Willi these conditions, hmv. er, it «a- 11111—- !'

to draw any delinite condusion a< |o the relative qi ntitins of c !i;i!u'>"!

1 nuHS. Phil. Man . Marrli, \W9.

'M^v:
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and uncharged deposit particles involved in any particular measurements.
With the object of throwing one light on tiiis point an additional set of
observations was made on the deposits obtained in air at different pres-
sures with the electrodes uncharged, and at a distance of 2 mm. apart.
The activities obtained on the two electrodes in these experiments were
added together and the numl)er8 representing them are given in Table
VIII. For purposes of comparison the total activities obtained with air
at different pressures under a field of 25<J volts are also inserted in the
table and curves representing both sets of values are shown in Fig. XIV.
From an inspection of the two curves it will \^ seen that the totd active
deposit was practically the same with an.l without the field at all pres-
sures above the critical one. At and below this pressure the dejn.sit*
obtained with the electric field applied, as the figure shows, were some-
what in excess. From this e'cperiment it would seem that the deposit
particles in very great measure go to the walls of the vessel in which they
are (iroduced whether an electric field be applied or not.

Prpsaiitv

TABLE VIII

I
Toliil Deposit witli fip|,|

L'5() volts Total (Jpposit, no fiold

9 mm. 4t> 1

43 mm 64.0

80 mm 6.'"> 3

127 mm 50.5

422 mm 23

755 mm 13 4

! -Jl.ti

j

52

54 4

I

I

.)(! 4

I
.'»!•

I

1(1. S
I

The manner in which they are carried there, however, is not evident.
It 1. [io,ssible that a certain proportion of tlio drpowit particles arc
iniclmrg.'<l and that these reach the walls by (.nlitiary ,liirir-ion

Th.n again, these deposit particles may he dcfriciillv cliar.'.'.!. -...c.

"!' thiMu being of otie sign, and some of the opp..-itc. and (lilTii-ioii a;:aiii

iiiMv he the chief factor in producing the dcpcwit, or further. iT the di'<

mie-ration n^oij phenomenon is the determining t'nctor il i. p.is^ihl..

thill, with the plrtti-s close together, the depo^if^ are madr l,v ni.cM ..f

the velcHitv of e\-ptilsion al(me. Tf thi- litter he (he exphutation the
siuii nf the charge earrioii by the deposit particle would not then exert
!im ciwldcrahle influence except, in the most intense fiel,l<.

In all the measuremiMitj* made the cath.r.lc .lepn^i; wn-. except a.

the srvv ]mvM pressures, considerably in excess .if that ..!,(;|,ne.i on »!..•
I
-i
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ixmitivc terminal. This gix-s l<> show that part at, least of the ili^piNil

jiartifU's carrv a positive charge and reacli the electnide umlcr 111" in

tliience of the field.

The manner in which thc6C particles gain their positive char-r.

however, is not clear.

From experiments by IjORenian ' and others it is known that a jiliti'

of copper on which polonium is deposited emit'^ a copious stream "f di'li,,

particles. These it is also known are beta particles of low velocity whidi

are very probably ejected either from the copper or from the poloniuiii

or it* transmutation product under the bombardment of the alpha par-

ticles. Tt is possible, too, that they may be produced by and acc(ini|i:iin

the alpha particles in the course of their expulsion from the parciii

atoms. Such a plate of copper as that mentioned above is known 1'

acquire a positive charge when placed in a very high vacuum, whiih

shows that an excess of negative electricity leaves it as a result of itn

action of the various radiations. It is possible then that some of the il.

posit particles from actinium or other active emanations may gain :i

pcsitive charge under the action of the alpha radiations present in iini.

'

the same way ns the copper plate in the polonium experiments. 'I'!i -

would tlicn iU((Mint for the positive charge on the piirliclcs itii<l ci!!-.

Huentlv for thi-ir rrtiiovat iindor tiie field to tlie ncsrativc terniiiial.

On the other hand some CTtperiments recently made by TT. W
Schmidt- have brought out n parallelism between t'le anionnt of nrt v

deposit obtained in air under different electric fields and the inten^itv

of the ordinary conduction current through the nir under the same flil!-

This would seem to show that the charges are acquired bv the dc[iM.,-

particles as a result of collision with the gaseous ions present in the sanv

TCBSel.

Many of the results obtained in the present investigation go bi s\ip-

port this view and on- in particular is of special interest.

In this experiment the electrodes were 3 mm. apart, the salt wa.'

placed 1.3 mm. below the electrodes in the exposing vessel, and the .x-

posures were made under different voltages in air at a pressure of f mm

The exposures were made first with the two electrodes at the same v>^

tential. and then with them at different potentials ranging in extent v.v

to 1.150 volts.

The results of the various activity measurements are given in T,\'
'

IX and curves drawn from these numlters are shown in Fig. XV.

From these result- it will be seen that when the potentials of th'

two plates were the same the a<tiviti(>s of both were alike, but that '>'

all |K.tential diffen-nces th<- activity of the negative terminal was ^t. ir.
-

ilx.l.'im:in Pr.". Hnv Por ..\ 7«. p. 212. I»07.

.i'l,,.. /, ,: ; |.i. iv<.n:, .Manh. !'"»»-.

i^i^^m^^rsm^t-t^^m^^m^^^wr:
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than that of the positive. For potential diffeioiiees from 300 to 450
volte the activities were practically independent of the potential differ-
ence apiplied. From 4«0 volts upward, however, t'lo activities of both
electrodes increased and finally at alwut GOO volts again iM'canie inde-
pendent of the applied potential.

From Carr's results • it is known that 4fi(» volts is the spark po-
tential for a presHure of 9 mms. with the plates 2 mm. apart, conse-
quently for all voltages above 460 the exposures were made with a cur-
rent passing between the plates. This would moan that a large number
of ions were present k-twoen the terminals under the circumstances dur-
ing the exposure and it is interesting to note that the presence of these
ions resulted in a considerable inerea,se in the activity of the two plates.
But just how this result is brought about is diilictdt to explain as the
etact relation which exists between the number of ions present in a gas
and the active deposit particles is still obscure, and it will he neces.sarv
t.) make additional experiments before the question can be cleared up.

TABLE IX
PreMure 9 mm. Electrodes 2 cm apart

.

Distance of salt 1 . 3 cm

.

Voltaj^ Art

!

vity on nreativo
elect rivle

' Art ivily on positive
dortrodp

i

1

11 II 111 li

83
1

j

12 1 III

242
1

H <» Id 2

467
I.-)

.-> 10 .3

523 15.8 112

545 18 6 14.2

605 17 1 13

641 Ar, H 25

683 V.I .2 l.i.l

794 .30 7 19 2

928 ;«) 7 2."> II

9.55 .> 7 21 (1

1149 2y 4 III 2

Vote —Sparking potential for pre.s,siirp 9 mm and fii.><tanrr 2 mm ^ 4fi()
'^"'t- 'arr. Trans. Roy. Soc. Vol. 201 pp. 403-433. lytKI

)j

' Phil. Trans.. Vol. 201. pp. 403-4.i;i.
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One of the main questions left open in the pre&ent investigation is

tlie cause of the dix;rpast> in activity of the electrodes in the three dif-

ferent gases at the low pressures.

It seems fair to conclude from the results tiiat in the region of low

pressures there was a gradual d»>crease both in the excess of positively

charged dcixisil particles and also in the total nunilK-r of the partii lis

present in tiie spin c hctwccn the clwtrodes.

The eq)crinicMts, however, (h) not show whether this di-crease was

due to a falling olf in the amount of emanation coming into the spaii'

b«>twecn the clivtrodes > the emanation and deposit particles passiii;;

directly through this space into the ouUt chamber of the apparatiiv

From the fact that at the low pressures as well aa the high ones tlic

activity fell away as the distance of the salt from the electrodes wa>

increased it would seem that the decrease mentioned above was due to a

decrease in the amount of emanation entering the space between t!ii'

electrodes. The matter, however, is not clear and consequently tlie (>\-

planation of the decrease must be deferred until the scope of the in-

vestigation cMi be extended.

In conclusion 1 desire to thank Professor Mclicnnan for the seUx--

tion of tii(> subject, and for the very helpful suggestions he has olTfr.il

from time to time during the investigation.
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