
CIHM
Microfiche
Series
([Monographs)

ICIUIH

Collection de
microfiches
(monographles)

Canadian Institute for Historical Microraproductions / Institut Canadian da microraproductions historiquas



Technical and Bibliographic Notas/Notas tachniquas at bibliographiquas

Tha Inatltuta hat attemptad to obtain tha baat

original copy availabia for filming. Faaturaa of thia

copy which may ba bibliographically uniqua.

which may altar any of tha imagaa in tha

reproduction, or which may significantly change

tha usual method of filming, are checked below.

L'Institut a microfilma la meilleur eKamplaira
qu'il lui a ate possible da se procurer Les details

de cet exemplaire qui sont peut-Atre uniques du
point de vue bibliographique. qui peuvent modifier

una image reproduite. ou qui peuvent exiger une
modification dans la mAthode normale de filmage

sont indiquAs ci-dessous.

Coloured covers/

Couvartura da coulaur

Coloured pages/
Pages da couleur

[~~| Covers damaged/
Couvertura andommag^e D Pages damaged/

Pages endommagaes

D Covers restored and/or laminated/

Couverture restaurAe et/ou pelHculAe G Pages restored and/or laminated/
Pages restaurees et/ou pellicu''"

Cover title missing/

Le tititre de couverture manque
Pages discoloured stained or r

Pages d^colorees. tachetAes ou .!'>•«

Coloured maps/
Cartes gAographiquas en coulaur

D
D

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

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

Coloured plates and/or Illustrations/

Planches et/ou illustrations en coulaur

E Bound with other material/

Reii* avac d'autres documents

D

D
n

Pages detached/
Pages detachees

Showthrough/
Transparence

Quality of print varies/

Qualite InAgale de I'impression

Includes supplementary material/

Comprend du material supplementaire

n

a

Tight binding may causa shadows or distortion

along interior margin/
Lareliure serree peut causer de I'ombre ou de la

distorsion le long de la marge int^rieur*

Blank leaves added during restoration may
appea: within the text. Whenever possible, these

have been omitted from filming/

II se peut que certaines pages blanches aioutAes
tors dune restauration apparaissent dans le texte.

mais. lorsque cela Atait possible, ces pages n'ont

pas iti film^es.

D
D

Only edition available/

Seule Edition disponible

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 . en; ite flirr^es a nouveau de facor a

obtenir la meilleure image possible

Additional comments:/
Commentaires suppl^mentaires

Pagination Is as follows: p.

La pagination est comme suit

[3961-409.

p. [3961-409,

This item is filmed at the reduction ratio checked below/
Ce document est filmA au taux de rMuction indiquA ci-dessous.

10X 14X 18X 22X 26X 30X

/ i III
i 1

12X 16X 20X 24X 28X 32X



Th« copy filmed here het been reproduced thenke
to the generosity of:

L'exempieire film* fut reproduit grAce k la

g«n«roait« de:

University of Toronto Archives University of Toronto Archives

The images appearing here are the best quality
possible considering the condition and legibility
of the original copy and in Iteeping with the
filming contract specifications.

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 bacit 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 hand corner, left to
right and top to bottom, as many frames as
required. The following diagrams illustrate the
method:

Les images suivantes ont «t« reproduites avec le
plus grand soin, compte tenu de la condition at
de la nettet* de I'exemplaire film*, et en
conformity avec les conditions du contrst de
filmage.

Les exemplaires originaux dont la couverture en
papier est imprim«e sont film«s en commenpant
par le premier plat et en terminant soit par la

derniAre page qui comporte une emp einte
d'impression ou d'illustration, soit par ie second
plat, salon le cas. Tous les autres exemplaires
originaux sont filmis en commen^ant par la
premiirn page qui comporte une empreinte
d'impression ou d'illustration et en terminant par
la dernlAre page qui comporte une telle
empreinte.

Un des symboles suivants apparaltra sur la

dernlAre image de cheque microfiche, selon le
cas: le symbole —»> signifie "A SUIVRE", le

symbols V signifie "FIN".

Les cartes, planches, tableaux, etc., peuvent Atre
filmAs A des taux de reduction diffArents.
Lorsque le document est trop grand pour Atre
reproduit en un seul clichA, il est filmA A partir
de Tangle supArieur gauche, de gauche A droite,
et de haut en bas, on prenant le nombre
d'images nAcessaire. 'Les diagrammes suivants
illustrent la mAthode.

1 2 3

1 2 3

4 5 6



1.0

I.I

1.25

1^ 2.8

m MUM

Hi, 1^
tti

36

115

122.
nniiH

^ ^ m
1.8

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS

STANDARD REFERENCE MATERIAL 1010a

(ANSI and (SO TEST CHART No. 2)



UNIVERSITY OF TORONTO
STUDIES

PAPERS FROM THE
PHYSICAL LABORATORIES

No. 57: SOME EXPERIMENTS ON RESIDUAL IONIZATION,

BY K. H. KiNGDON

(Reprinted from the Philosophical Magazine, Vol. .jj)

THE UNIVERSITY LIBRARY: PUBLISHED BY
THE LIBRARIAN, 1917



•mniverett^ ot tloronto Stul>ic0

COMMITTEE OF MANAGEMENT

CroNRR M.A., Litt.D., LL.D., D.D.

CHairman: Robbkt Alexander Fa-oner.^M
^.

^^^^ ^^^^^_^^

Professor W. J.
Alexander. Ph.D.

Professor W.H. Ellis. M.A..M.B.

ProfesscrJ. J.
Mackenzie, B.A., M.B.

PROFE.SORJ. P. MCMURRICH, Ph.D.

ProvessorG. H. Needler. Ph.D.

PROFESSOR GEORGE M. WRONG. M.A.

^ / S-^itnr- H H. Langton, M.A.
Gtneral Editor. M. n

Librarian of the University



From the Piiilo«oi'HICai. Maoazinr, vol. xxxii. (htuUr lOlti.

Some Ejc^ierimentii on Hi'nitlital lonizalion.

liy K. II. KiSiiDON, .I/./1., ('liivemlli/ <>/' Toronto*.

(Plntr X.]

I. lieiidual /oiiization in Acetylfin'.

JM'ROllf'CTION.—If <lry air b« t'nclo^fd in a clean

zinc ve;*scl and leinoveJ from the neighbourhood of all

ordinary ionizing agents, it is found, on measuring tlm oon-

ductivity of the gas, that ions aro being produced in it at th«

rate of about &1 per c.c. per .second. The production of those

ions is called natural ionization. If, however, tho ziiie vessel

bo surrounded by a water-screen the natural ionization is lound

to decrease ; and if tho measurements be mailc over a con-

siderable body of water, such as the ocean or the great lakes

of America, tho ionization in air is found to fall to a deHnitc

minimum of about 4-i ions pir c.c. per second, which we

may call tho residual ioniziiti.m. The ditVeienee between

these two rates of ionization lias been siiown to be due to a

penetrating radiation from the earth's surface, which can be

cut off by a screen of water if sutHcient thickness be used.

Tho possible components of the residual ionization apjiear

to be:—(I) a radioactive impurity in the gas, (2) a radio-

active impurity in the walls of the ionization-chamber,

(3) ionization by the collisions of thermal agitation. In an

effort to (loterm'ine to which of these sources residual ioni-

zation should be attributed, McLennan and Treleavent

measured the residual ionization in several gases, the results

obtained being as follows :

—

Carbon Dioxide

llvdrogcn

Ethylene

Nilrous Oxide..

Acetylene

No. of I0118 ()or o.c.

per ^cciiiul.

IK!

I'll

.")02

3700

It will be noticed that in the above list the residual ioni-

zation in acetylene is very much higher than in any of the

• Comiuunicateii by l'roff!>sor J. '.•. .AkI.oiiimii, F.It.S.

t J. C. McLdinnn and C. L. Trol.aveii, I'hil. .Mn^'. xxx. p. II-', (l!>ir.).
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„i 1 l... ti-nfflii lu eit !<ir o tilt) Hourc'cM (1) or (.^) tux vt

.

could 1)0 traceisiueiw.
nnHvlenc ninde from

i,oon she "n that tl.is metal contains smaller races of

siona of the chamuer "^^^ rp,
;i,i,.kness of the

onsured that all the currents measur .
«oro 9..tur.it.on

'"Kelonization^hamlKT was filled with acetylene wl.ieh

u ivLirrvX dried and freed from dust, and the nun.her

^rnSlVd to a radioactive impurity ni the walls ot

ThTirttertias thought that the low lalueofthe lomzntum

Vdne to tho commercial acetylene not l.-infi pure, and to

the zinc ioniziition-ehamher.
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Tlie decrease in the ionization clearly inilifatof tlic pn-
M^ce of some radioactive impurity in the gas. From tlic

>liai)eofthe curve it may he estimated that the nunihcr of
ions macjo pcrc.c. per second would finally fall to ahout 1').

From this the number of ions per c.c. j>er second initially duo
to the radioactive impurity was about 12. As this nund)er
of ions had decreased to 6, or to on- lialf, in alu.ut '.»(» hours
(;5'<S days;, it may be concluded that the imourity \mi> radium
emanation. lu the gas from the l'rcsL...-Lito tank thi-
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Tlio<e fi(;ure-i rlotirly iiurK-atu that tho carl)i(K> was siioiilly

radioai'tivi". Aiiv trace of railiiiiii omaiiatinii |(ro><>iit would

inak<i itself viTV aiijiar'nt in tlio ^as j; 'ncratcil iVoiii tin-

(•arl)iilo, ami it is to tli.' t'liiaiiatioii lliat tlic lii;^!! valiio of

the residual ionization previously obtained was due.

II. ()/i the fjihiniliiliti^ of a Portion of tlie l!,'.<i.lii<d I«ti'iiath>n

in Guni'.i li/uKi iliw to tlie CuIII.moii.< aj' Tlwrni'd A'l'iltil'ion.

Introduction.—In the first part of this \k\]wv the (luce

jtossihlo eompononts of tin; residual ionization in jfases wen'

stated to lio :—(J ) a radioactive impurity in the ;;ii-, CM a

radioactive impurity in the walls of the ionizaiion-chanilier,

(W) ionization by the collisions of thermal a;:itation. Now,

for the leases air, carbon dioxide, hydrogen, and nitrous oxide,

McLennan and Treleaveu * have shown that if a clean zinc

ionization-chamber is used, and if the;;ases are properly dried

and filtered befoi \dmittine; them to the chamber, uniform

and leproducible values of tho residual ionization areol)tained

for each "jas. Hence it does not seem probable that the

residual ionization is in <>cneral duo to tho presence of traces

of radioactive emanation in the pas. The part jdayed l>y the

second of the above-mentioned coiii]ionents has been <|uite

fully investiirated. Ifecently McLennan and Murray t have

shown that by constructing the ionization-chamber of ice, it

is possible to obtain a very low value for the residual

ionization in air. Their experiments .show the great ett'ect

of radioactive impurities in the walls of the chamber on tho

ionization, for with one ice-ciiamber tho number of ions mado
per c.c. per second was 20, while with another the number

was 5"5. Although from these experiments it ap])oars pos-

sible that the residual ionization, in air at least, may l>e duo

entirely to radioactive impurities in the walls of the ionization-

ehamber, vet it seemed worth while to make some experiments

to test for the presence of ionization duo to the colli.-ions of

thermal agitation. The method was to vary the teni]>firature

or tho density of the gas in tho ionization-chamber, and from

the resulting changes in tho ionization to see if it was possible

to detect the presence of any ionization produced by tlio

collisions of thermal agitation. Tho results of the expe-

riments in which the density of tho gas was varied show

that only a part of tho residual ionization can be due to tho

collisiims of thermal agitation. The residts of the expe-

riments in which tho temperature of the gas was varied give

* I.nr. cit.

\ i. C. .McLenuiUi uiul II. U. Murray. I'liil. .M:i;r. xxx. S-i.t I'.'l.").
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indications of a small number of ions per c.c. por second
produced by the collisions of thermal agitation, i)iit moro
refinod experiments are retiuired to confirm this point. In
addition a formula has been derived for tho number of thermal
collisions in a gas per c.c. per second producing ionization
which agrees with tho experimental results if the number of
such collisions is small.

Theori/.—The question of ionization by the collisions of
thermal agitation has been investigated theoretically by
Langevin and Key*. In this paper the authors obtained an
expression for the number of collisions in a gas |>or c.c.

per second for which the relative velocity of the colliding
molecules normal to the sphere of shock was greater than an
arbitrary standard. If we denote the number of these
" effective" collisions by K, then

K = ve-i'""''\

where i;= total number of collisions per c.<'. per second.

/'=
^Irj,,

ande= 2-02xl0-'«,

*• = arbitrary minimum velocity.

According to this formula K would vary very rapidly
with the temperature, a prediction which is contradicted by
experiment.

Exception was taken to Langevin's work by Wolfkef,
who suggested that the potent factor in producing ionization
at tlie collision of two molecules was not their relative
velocity normal to the sphere of shock, but rather their
relative velocity tangential to it. Indeed he suggested that
the normal component would rather prevent ionizatidu by
pushing the electron further into the atom, although it is

difficult to judge of the value of this suggestion on account
of tho very conjectural nature of our knowledge of tho
mechanism of an atom. However, on this ground Wolfke
suggested that the number of effective collisions would
depend on th(! relative velocity of the molecules normal to
the sphere of collision being less than a certain value, v.

The formula obtained for the number of efTectivo shocks is

ymbols have the same meaning as before. From
! calculatfid that if tho collisions in air produce

wlic

this

re fh(> s

\V.)lfk(

• l-(iiip.'viii .mill l!("v, Li J.'m/iiiiii, x. \\ HJ (li)ia).

t Wiilfko, Le liudiion. \. ji. i'(w (lilLJ).
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4 ions per c.c. per second at 17° C, they will prodnce 2 at
130° C, and Gat -20° C. It should be noted that the
above formuhi only includos the "negative" eomlition for
an ionizing; collision, /. e. the normal velocity must bo below
a certain value. A factor representing the " positive " con-
dition should also be introduced, /. e. the tangential velocitv
must be greater than a certain value. To do this we may
proceed as follows:

—

The expression for the total number of collisions per c.c.

])er second is obtained by Boltzmann as follows. We assume
the presence of two kinds of molecules of masses m and m,
respectively; n and h, are the numbers of each kind per c.c;
lia) and (/«D, represent the products of the velocity components
for each kind; and/,/,, represent for the two Itindsof mole-
cules the values of the function

V
The conditions of a collision between a molecule m and a

molecule »«, can be characterized by the two parameters
/' and a defined as follows (fig. 4 a):

—

'

Ml is the centre of the molecule of mass »«!. The moleci:l<(

of mass m moves with a relative velocity
ff

parallel to Mi(i.
and the projection of the centre of this molecule on the piano
P drawn through Mi perpendicular to M|(; lies at M. The
lino M|Q represents the intersection of the planes P
and GxMiX. Tht-r. M,M = /., and the angle MMiQ= ,/. The
number of collisions per c.c. per second is then

nr integrating for a from to 27r.

v=2rr^ I'tU' \f//l](ho i/m,.
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Lan^^evin has carriwl out four of tlio roinaiiiiii<,' in)c;,fialit)iis

in sucli a way as to obtain the result

lull V 2liinju Jo

where <r is the raiiius of the sphere of action of the molecule
and

/
-s/'y-

If now wo let (fijr. 4 h) ho the anple lietwcen tf anil the
noniial to tlio sphere of action, then t' the velocily normal to

this sphere is e(|ual to^cos^ and /<= <7sin^. Makinj; these
sid)stitutions in the al)ov« inte^'ral, we obtain for the total

numher of collisions per c.c. per second for which the relative

velocity normal to the sphere of action is less than a certain c,

J _ 2iTV^^a\ / '\t C" , - Cl sin 6 -.,'-":; ,„

hm V !>/(/» J„ J, cos"^

V Inn

To obtain the numlxT of collisions per c.c. per second for
which th-i relative velocity tanjrential to the sphere of
collision is irreater than a certain ii, put '/= (ysin^, and
i= crsin^in the expression for v above. Then the number
of such collisions is

27rH-V- ./ TT r (< cos e """'-
,^

Inn V '2lim '„ J„ siii''^

li-in- V 2hm I

hhn-^ V 2hni

V /„,,

H^ -'*'""'(/«
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Ilonco tho i)rol)al.ility tliat for any coIUmoii tlie relative
velocity- of the nioloculcs normal totlio splior.-of action AvA\

1.0 lesstbanrisd-^-;*""-), since n'^a-^/'^'^ is tho total

nnmher ot collisions jior c.c. por second. Similarlv the pro-
bability that the relative ^. !,.eitv tan-enti,.,] to the' sphere of
action shall bo -reat.T than u is i^-!* -. Therefore tho
probability that both these conditions are fulliIl,Ml for u par-
ticular molecule is

and tho number of such collisions per c.c. per KMoiid will bo

V Inn
Iht'iC'

1-

E.r/hfiments.—The only exf.erim.ntal work wliicli has
boen done on this subject is by ratteison *, and by Dovik t.
In Patterson's work tho (fas was contained in an iron cylinder,'
and as iron usually contains some radioactive impurity, tho
number of ions generated per c.c. per second was quite" lar^'e
Oi = (;i). He failed to detect any efTect of temperature on
the ionization up to 400° C, but it is possiide that the effect
mif^ht huvo been masked by the largeness of the currents
mddsured. Also, as the air in the receiver was ulwavs at
atmospheric pressure, its density would d.'crease as the'tem-
perature was raised ; this decrease in density would decrease
the ionization current duo to tho earth's penetratin'r radiation
and also that due to a radiation of the /3 or y type conn'ng
from impurities in the walls of the chamber, both of which
form part of the total current measured.

In Deyik's exjieriments tho gas was momentarily heated
by an adiabatic compression, and the ionization measured at
tho moment of greatest coiniiression. Tlu^ (.niv (.as whiJh
showed any signs of ionization caused bv the high temperature
(estimated at 9(10° 0.) was antimony hydride.

In view of the methods of the above experiments, it was
thought worth while to carry out another investigation in
which the following conditions should iie satisfied :—(]) tho
loi.ization-chamber should be airtight: (2) the residual ioni-
zation should be a> low as possil.le so that any change would
make itself more apparent; (;i) tlie tomperature should bo
kept constant during the time of ea-jh reading. Unfortu-
nately, in order to fulfil these requiie-nents The range of

* Patterson, Tliil. JFajf. vi. p. l'.T] (lOO.'J).

t IVvik, .S)>i, ,/. //,(,/. A/.r,,/. ir/ss. xxiv. (1914).
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tempnratnre had to ho roduced considorahly. Tho zino

ionizatio -chamhor jtreviously desciihed was used. It wr =

covered witli thin ashcstos, then wound with nichromo

resiatance-wire, and packed ii) magnesia. By passinp

currents up to 1-5 amperes through this wire, the chamher

couM he maintained at any temperature hetween 10° and

100° (". for as long a time as desired. The chamber was

absolutidy airtight, tho wax joints around the electrode

and gua'rd-ring bein;,' kept cool with a water-jacitet.

Tho temperatures were calculated from the changes in

pressure.

Variation of Ionization with I'ressure.—The gnses used

were carbon dioxide, acetylene, and hydrogen. Several sets

of readings were taken with each of these gases at room

temperature to show tlio connexion between ionization and

pressure. The readings and curve (fig. T)) shown were

obtained with carbon dioxide, and are typical of tho others.

The ionization shows a slight maximum at 650 mm. pressure,

due presumably to a soft radiation from the walls of the

chamber.

;) (mm.). II.

764 17-0

726 166
«67 16-7

C2« 165
679 16-0

519 14-2

450 131

am 11-6

2t-)2
8-9

141 5-5

6U a-6

We may proceed as follows to see whether this curve

trives anv indication of the presence of ionization by colli.*ion.

The possible components of the ionization are— (1) the ioni-

zation due to the eartli's penetrating radiation, which from

the experiments of McLennan and Treleaven will be about

5-1 ions per c.c. per second at TtJO mm. pressure: (2) that

due to a possible ionization by thermal collisions, which from

the same experiments cannot be more than about 4*8 ions

per c.c. per second at 760 mm. pressure; (3) that due to any

radioactive impurity in the walls of the receiver. Now
component (1) will vary directly as the pressure, and may be
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ropreseiited liy the sh-uiMlit. line OP in tlic fi;rt,rp. H we
(liniiiiish tlie onliiintt's oF OA liy tliccorrosi.oiiiirii;,' onlinatt-s
of 01' \vc «)l)t;iiri tlio ciirvo OB, wliidi is tiie 'ioiiization-
prossiiro curve for tlie ; luaiiiiiiy; coiiiponents.
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Again, on the aljove theory of ionization hy thermal
collisions, the number of ions produced per c.c. i)er second
varies as the S(iuare of the number of molecules per c.c, and
fhoreforoas the .>^(|uare of tiie pressure. Hence the pre.^surc-
ionization curve for this comfjonent may be represented by
the curve OQ. I5y dimini>hinjr the ordinates of 015 i)y tlio

corresponding ordinates of OQ, the curve 0(! is obtained
wliich is the pressure-iouization curve for the radiation Irom
the walls of tho chamber. This curve shows a very pro-
nounced maximum at a pressure of 5.")() nun. ; and it is evident
that ifit is possible for a curve such as OC to represent
correctly the prcssure-ionization curve lor a soft radiation,
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then it is [losnililo ili:i( jiKoiit ions per (•.<. [icr srcoml nro
prtKliicoii ill lilt' ir.is liy tlip collisions of tliciiii.il :i};italion.

Now it is a well-kiiouii lact that wlien a nitliarioii produces
ions ill a >i:is, the total niiinhor of ions nia<lo is the same so

Ion;; as the r.nliatioii i> totally ahsorbeil in the ^^as ; also the
ctl'ci-f of iccoiiiliiiiatioii will hv li'a.''t, and tlicrcfore tlu?

current will he greatest, whon tho ;;as is at such a |)ressnro

as just to ahsorl) the ray«. Ilcnco it is jio^sihlc that for a

ccrt.iiii raii^ic of pressures tho current will iiier«'ase as the
pressure d.'creaM.'s, on account of the elVectsof recoinliiiiation.

Tho conditions of tiiis cNpcMinient are partictilariv favouraMe
for a lar;;o r<'coni!iiiiation ott'ecf, since the direction of the
rays is pi-rpeiidienlar to tho direction of the electric lield,

and also .-iiice carhoii dioxide is a heavy ;ras. Yet in spite

of these aijiunieiits it 8«H-ins iinprohaldo that the effects of
reeonihinatiou could cause a rise from 7 to I) ions per c.c. |>er

second, or an increase of ahout J-i,'{ per cent, in t!i« current,
as is th<> case here. Tliesi" results would therefore seem to

show that tlie residual ionization cannot he vludlv due to the
collisions of tliernial ap;itation. They cannot, liowever, he
said to excludo the |)ossil)ility that a smaller numher of ions
than 5 | c.c. per second in:ty ho duo to these collisions.

\'(irititi(»i of loii'iiat'wii with 'I'mni'iratiir,'.—The ;;ases used
wore carhon dioxide and acetylene, and the ranee of tempe-
rature was from 18° to 100'^ C. Great difticully was ex-
perienced in "rotting reliahle sots of readines; tor as each set

re(|uired ii jieriod of from six to ei^Iit hours, it was quite
j)ossihlo that tho leak of the electrometer might vary during
this time. As a determinat'on of the leak recpiired that \\w
ioni/.ation-cliaml;er he exhausted, and as also it was found
that in order to obtain consistent readings the gas had to he
allowed to staiitl in the chamher for some time l)efore com-
mencing readings, it was only possible to obtain one leak
reading for each set of temjierature readings. All the sets

of readings, however, agree in showing that the ionization is

practically unchanged from 1»° to about .S(F (.!. For tempe-
ratures from i^iy to 100 some sots of readings show a verv
nuirked increase in the current, while in others this increase

is very small. The two chief sources of [lossible error would
appear to be thermo-electric currents, and tho driving off of
minute (|uantities of radioactive emanation from tlie walls

of the ionization-chainber as its temperature was raised.

These errors were guarded against by eliminating possible

thermo-junctions, and by exiuuisting the ionization-chamber
while it was heated to 100 . To test for the i)re-ence of

thermo-electricity the junction of the br;is- <'leclrode and thy
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Lras-J coniioctiiifj win? at tliti top ol' tlu; ioni/ation-cliiiritliiT,

wliicli jmu'tioii was tliti only oim tliut foiild |K)*sililv si-rx^' a»

a hot jimcfioii. was licatt-il with a small thmic, the ilaiim was
rumi)V(3(l, aiul tlio earili coiiiicxiiiii to tho (|iiailiantf< of tlu'

oifotromctt'r lirokoii, hut no chan^o i-ould he tlotcftfd in

tilt' noinial ionization cmrent Hosvin^' to tlio eit-otronirttT.

It seems likely thou^^h that the rise in current sometimes
noted at tcmperatmos of ahont K)lt° wan due to small
<|iiantitios of omauatioii hoinji driven off from the walls of
ih(! ciiamiier.

it mi;:lit 1)0 interestin;r to see if the proposed formula for N
a;j;rees at all with the results of the temperature experiments.
The <'xpcrimonts on pr()!»!<uro show that the numher of ions
produee.l per c.c. per second in carhon dioxido at 20^ C. and
?('.(» mm. i)re>sure is prohahly loss than four. In the ex-
pression for N wo iiavo then to assi^^n values to a and i- so
iliat llie following; conditions may ho fullilled:

(1) N mu^it ho ahout 4 at 2if ('. and 7(')0 mm. pressure.

(2) N must ehan<,ro slowly with tho temperature, at least in

the re;fion of 20 .

The only physical contlition sii^^^ostin;; itself which will

fiillil tho uhovo ro(piironicnt is that, for a collision to prodnco
ionization, it must he almost perfectly tan;;ontial (this will

make the total numher of such collisions small), and that the
arhitrary minimum tan^'ential valooity of each of the collidin;;

molecules must ho ahout e(pial to the most prohahlo velocity
for a temperature of 20" (this ensures that N shall chan;!;o
slowly with the temperature in this re;;ion). Then for carhon
dioxide, if we put the minimum relative tan;;ential velocity
» = 2j(= 2x;}1;$x 10' cm. per second, and tho maximum
relative normal velocity r= 8-'J7 x lO"'" cm. per second, we
lind that at 20° C, N = 4, and at 100", N = .')l. That is, N
ch:ni;res very slowly as tho temperature is raised, which is in
(pi.jtative ajfroemont with theexi)erimehtal results. A more
exact application of tho fornuila for N does ihI • ini worth
while at the present time, since, for the reasons stated aliove,
the accuracy of the read iii;,rs does not warrant it. It mav,
however, he of interest to uole that usiiiM- the aliovo values
for II and r, and maki?iif chauMos in li, /i.amU/to correspoiul
to the rise in iLMuperature. at .•J02' (". the value for X is Crl.

•Smiiiiiiir'/.

(1) It has hoen sliowii that th(> lii;;li residual ionization
in acetylene prepared from calcium carliide is due tu the
presence of .-ii^ht trace? of radium cuianaiioii.
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(2) It has boon ihuwn tliiit only a portion uf tlio ultimate

rosiiluai ionizutiun in gases can l)u duu to the culligiuns ol'

tliornial agitation.

(;j) A formula has Iwcn lieviMt'd for the numl)er of collisions

por c.c. per second producini; iimi/.atiun which is in qualitative

agreement with experimental tacts.

In conclusion the author wishes to express his thanks

to Professor J. C. McLennan, who sujiyistod the prohleiii,

and whoso assistance and encouragement have been most

valuable.

l'liysii.-iil Lnborfttory,

CniviTsity of Toronto.

May 8, 1910.








