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This carrier was then introduced into the rectangular brass

LII (jgl_ﬂz_swn af * I".{I,N*z:{:lffﬁ‘} w{,“& "ﬁiﬂ/fft f‘i-l'mm.i‘i | I1. Vﬁlﬂﬁ-ity | vessel shown 1n ﬁg 1 of the [JI'E&Vi{)US ILZIEL[.'H_?I',, and the whole
_'?: ;?86;[{“3/ drogen. Atom. By Professor Sir E. Rurngrrorb, apparatus was placed between tho poles of a strong electro-
f-' - n

magnet. A vertical slit 1'5 em. long and 3 mm. wide, cut 1n

IN the first paper giving an account of the number of

. H atorms produced by « particles and their ahsorption Fig. 1.
by matter, it has been implicitly assumed that the long-range
scintillations observed in hydrogen aro due to swift hydrogen
atoms get 1n motion by close collisions. with « particles. 'This
13 supported by the observations that the range of the atowms
15 10 good accord with the value calculated by Darwin from
Bohr’s theory of absorption of charged particles.
~ Taking inte account, however, the intense forces developed
1 such collisions and the possibility of the disruption of the
structure of the nuclei involved in the collisions, it was
thought desirable to determine experimentally the mass and
velocity of these flying atoms, and to compare the values
with those deduced from the collision theory. Such a deter-
tuination was rendered the more necessary by certain apparent
anomalies observed in connexion with the brightness and

distribution of H atoms, an account of which will be olven
later In this paper,

To determine the mass and velocity of the H atom, it was the end plate of the box, was covered with a thin sheet of
hecessary to measure Lhe deflexions of a stream of H atoms o 0 wﬁme stoppin g-Pi:Wﬂl‘ for & particles corresponded .to
both in a magnetic and in an electric field. The experiments L em. of air. Olose to this was placed the zinc sulphide
ware E{)H]EWhﬂt tedions and difhenlt on account of thB small -, _J 1 o | riﬁllﬂ-di""‘*bt:iﬂf-'ﬂ bgtwem'| the si1ty A H.I.'ld B was
number of H scintillations present under the exporimental ;E:;%u;mbm]d bEtW;GIl B and the iron screen 323 em. On

5 ¢m., al

restrictions. exhausting the apparatus of alr o well-defined band of « rays
Magnetic deflexion of H atoms. about 2 mm. broad Was observed on thel mreen.‘ The distance

‘ o measured by the microscope between the centres of the two

In these experliments it was necessary to produce the hands on reversing the field of about 9000 gauss was about
H atoms at a definite point, and for this purpnse a film of 39 mm. A film of paraffin wax abount 30 u thick mounted on
parathn wax of convenient thickness, exposed to an intense a frame was then placed close to the slit A between it and the
beam of @ rays, was used. The method finally adopted wus source. This gave a band of H scintillations on thei sereen,
to compare directly the deflexion of a penci'l of H atoms which was of about the same width as the beam of « rays.
produced from the film of paraffin wax, with the deflexion of Aluminium sereens were introduced between the iron plate
a pencil of « rays using the same sourco of « rays in  both and zine sulphide screen, <o that the total absorption l;etlwe?n
CAses. the source and screcu was equivalent to 14-4 cm. of air.
The experimental arrangement is shown in fig. 1, Under these conditions the two bands of H scintillations
The horizontal slits A and B, about 1 em, broad and 1 mm. obtained by reversal of the field were caretully determined
wide, were mounted on a rectangular brass bar C. The by the microscope, and the centres of the bands were found
SoUrce R, ﬂ()tlEiEtil’lg Df il Ui.FGll]ELI‘ bl‘i’LSS disk Cﬂﬂted On one to be ab(_’lllt 6 mm. apart. ; . "
side with radium C, was mounted on a vertical block D, close As a result of three concordant determinations, 1t was
to the slit A and making a small zmgle with the horizontal, found that under the axperimcmtu] conditions the average

* Communicated by the Author. deflexion of the pencil of H atoms was 1'45 times the
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deflexion of the pencil of a rays from radium C. Since the
' Mo

value of o for « particles [rom radium () has been accurately

Al
determined in othor experiments and found to be 398 x 10°%,
mu

the average value of for the pencil: of H atoms ig

e

2:74 x 105, Now, on passing the slit A, the maximum range
of the H atom is 28—34=24-6 cm., while the minimum
range for H atoms 1o be observed on the secreen 1s
28 —14'4=13'6 cm. Since the range of the H atom 1is
proportional to the cube of its velocity, the velocity of the
H atoms observed which passed throveh the magnetice field
lies botween *96u, and 7%, where u, 1s tho maximunm velocity
of the H atom duc to an « particle {from radium U. Since the
relation bhetween number and velocity was approximately
Jinear over this range, the average velocity of the H atoms

| , o
was ‘87w, Consequently the value orf eq for the swiftest

H rays produced by « particles from radium C 1
1787 %274 x10°=315x10°. On the colligion theory, the

velocity w of the I atoms of mass m 18 given hy

M
M—I—?f}’; , U COS U,

U=

and the maximum value

The value of —— © for H atoms carrying unit charge

should consequently be 32 x 10%. The agreement between
theory and experiment is closer than we sbould expect
considering the difficulty of the measurements. In theso
experiments it was found that all the H atoms carried a
positive charge, and no sign of scintillations was observed
indicating the presence of negatively charged or neutral
atoms.

Electrostatic deflexion of H atoms.

The determination of the deflexion of H atoms 1n an
electric field was a much more difficalt and lengthy process.
The experimental arrangement -finally adopted is shown 1n

% Rutherford and Robinson, Phil. Mag. xxvill. p. 509 (1914).
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. from a slanting source R passed through

ra )
ggﬂl?"n cafr'r 231-Zﬂﬁnywm; about 30 u thick placed at the end of

arallel shsulated brass plates A and B, 6:02 em. long,

two p These were mounted on an ebonite

and O0*1Hn cm. upart.'

frame DD with circular ebonite ends which s;ahppuf:.ud1 Entc» a
‘ | L ] . . ]
lags tube T. A brass plate with a slit 1 em. long and 6].1‘11'[1.
Ny 1" ' ] . . . . | I-[-l.
%.Tide covered with a thin silver plate ﬂfr%mpﬂmg _puwerl 10. iy
of air, was fixed at the end of the tube T. %he :am{: sulp ;]_]1
'-'HL‘I‘GE‘I; was mounted outside close to the silver plate. 'd:-
slectric connexions with the plates 'A amlﬁ B were ma
throngh ground-glass stoppers shown in the higure. e
As radium C was employed as a source, it was necess: }1
: ' 1 ovhaustion of the apparatus to stand
to arrange for rapil exhausilol P L
=000 volts between the plates after a short interval.

' yae eary-pnmp

jreliminary evacuation by Fleuss and (Gaede mercary- El)lﬂ] E}t

: 1l was used. and the process was so Tapit i

a Laungmuir pump : rapid i
o s reached and held within

the necessary vacuum W '
minutes of itﬁ.mducing the apparatus 1nto the glass tube. -
In order to deflect completely the FL atoms 1n pa=e g

' ' . cule . that about
en the parallel plates, it was culecuiate i
g?)tg(f;gnwﬂta WI;uld be required. Ap:iu"t from the dlfﬁtm;],:ﬁ
¢ obtaining rapidly a vacuum sufficient to suppor

L | ly of not more than
tain such a voltage, a steady suppL
%}83 frglts was available in -the Laboratory. To overcome

this difficulty, 1t was arr:anged to compare the deflexions of
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H atoms due to a magnetic field with that due to a combined
magnetic and electric field. The glass tube carrying th

source and parallel plates was placed between the [;Dlez of f:
strong electromagnot, the plane of the plates being parall{:l
to the'du‘eetmn of the magnetic field. The micm:mpu was
fixed in the centre line of the plates A and B so as to count
the scintillations emerging from the plutes, and the variation
of the number with strength of the magnetic field was d{eter

mined. The reduction of the number with increase of the
magnotic field depended on two causes :— (1) the removal of
H atows bent to the sides of the plates, and (2) the bending
a:t the H atoms emerging from the plates in the magnetio
field 1n the short distance between the end of the p]utgﬂi and
tho zine sulphide screen. These two effects were rﬁﬂimﬁ% to
separate, but (2) was made as small as possiblo by reducing
to a minimum the distance between the end of the phttegq'
nn{_i the screen, The relation between the number of Ecintii:
lations and strength of field with no electric field acting, is
shown diagrammatieally in fig. 3. Suppose the' magnetic

Fig. 3.

Number of scmtiliations

Magnelrsc fre/d

field to be of a strength H corresponding to a poin

the curve. If a voltage be now applied so as to bend the
H atoms in the same direction as the magnetic field, the
number of scintillations on the screen decreasos {EUI‘I'EE};DIIdH
ing to a point () on the curve of field Hy. On reversing the
voltage the two fields oppose each other, and the number of
seintillations correspond to the point R of field II;. Suppose
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for simplicity that the number of H atoms are counted as
they emerge from the plates A and B. Let H be the steady
magnetic tield and X the electric field applied between A
and B. Then it is clearly seen that, if u be the velocity ol

the H atom,

for assisting fields, Hen+ Xe=Hyen,
for opposing fields, IIen—Xe=H,en.

Subtracting 2eX = (Hy— 11, )en,
and U = 2A
HRERY — -:-[_:[:E — H'l-j

so that the velocity of the H atoms can be determined
directly. In practice, it was found that the curve PQR
over the experimental range was nearly a straight line. The
initial field H was varied in different experiments, but was
usually about 4000 gauss. The steady voltage employed
was about +4500 volts. The ratio of the number of geintil-
lations observed on reversal of the electric field varied 1n
different experiments according to the magnetic field H and
the voltage, but lay between 1'8 and 3 in the various expe-
riments. Bach experiment was complete in itself, for not
only were the scintillations counted on reversal of the electric
field, but also the number for two magnetic fields on either
side of the fixed ficld which give nearly the same ratio of
number of scintillations as that obtained by reversal of the
~electric field.

The paraffin film had a stopping power of 3-2 cm. of air,
and the stopping power of the silver plate together with the
aluminium screens was 11-4 em. The range of H atom,
which passed between the parallel plates and produced #cin-
tillations on the screen, thus lay between 28 —3'2=24"8 cm.
and 28 —14-6=15"4 cm.,

The corresponding velocities are "96u, and *78u, where
is the maximum velocity of an H atom due to an « particle
from radium C. As in the experiments on the magnetic
deflexion the average velocity was found to be 87w, In
calculating the relative effect due to a magnetic and electrie
freld, a small correction is necessary to allow for the fact that
the clectric field was only effective the length of the plates,
while the magnetic field acted on the H rays from the slit A
to the zine sulphide screen. Muking this correction, estimated

to be about 12 per cent., the deflexion due to 1000 volts
between the plates was found to correspond in five different

experiments to 235, 227, 260, 235, 221 gauss respectively,
with an average value of 238 gauss.
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Thus,

X 10! 1
—l —_— L — et — —2. ﬂ . . -
U= =55 X 9ER = 71 x 10° em. per sec.

The maximum value

U= ?1? X 271 x109=3-12 x 10? em. per sec.
The calculated value of w,=16 x 1"92 x 10#

=307 x 10° cm. per second.

The experimental and calculated values agree well within

the probable error of experiments. From the magnetic
‘deflexion we tound that |

mu,

—mr =315 x 107,
€

and from the electric deflexion
wup=a"12 x 10°%,

consequently, e/m=10% e,m. units,

 The value of e¢/m for the hydrogen atom in the electrolysis
~ of water is 95370. The agreement is sufficiently close to show
that the long-range scintillations produced by a particles in
hydrogen are due to hydrogen atoms carrying a unit positive
charge, The agreement between the calculated and observed
velocities shows that, within the margin of experimental error,
the conservation of momentum and energy hold for elose
collisions between the atomic nueclei and that there is no
sonsible loss of energy due to radiation.

Brightness of scintillations,

The maximum enecrgy communicated to an H atom is *64
of the energy of the colliding a particle.  After passing
through 12 cm. of air, for example, the energy of the H atom
is reduced to *44 of the energy of the particle. Supposing
that the H atoms are produced by « particles of radinm C of
range 7 cm., the energy of the H atom after passing through
12 cm. of air, corresponds to an « particle of range about
2 em. In practice, the brightness of the corresponding H
scintillations 15 much less than is to be expected from’ its
energy, and 1s not greater than that produced by an a
particle of range 5 mm. This relative lack of brightness of
H scintillations compared with « particley of corresponding
energy holds for all velocities of the H atoms. Since we
have seen that we can rely on the calculations of the energy
of the H atom, it seems clear that the H atom is less effective

particle O

much weaker 10on1zatior E tl i
since its range is four times that of the a particle and energy

.64. the energy spent per unit path is only 1/6 of that due to
an o particle.

. i air of about 9 cm.
range 1N air of a

yitrogen atoms : , J
:]f th%s T atoms after traversing 12 ¢m., the nitrogen atom
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' o] s oht on a zinc sulphide screen than an «
in producing light on a 7 1

1 eneroy. This may be a consequence of the
£ equa’ e‘zat{:}}; along the pathl of the H atom, for

Tn this connexion it is of interest to note, that nitrogen

toms set in motion by particles from radium ({ have a
atoms set

Although the oncrgy of the
fter traversing 7 em, ol air 1s less than ihat

: ot htillation than the H atom.
.~ mnch brighter scintilla
gives a mit 2

Probability distrﬂmticm of H seintillations.

In the course of counting 'H‘Hﬂil!tillilﬁ{)ﬂﬁf ifdwjfﬂfi cri‘rf;i
noted that a number of the ﬁu{ntﬂlatmn;ﬁ 'ilPPe?H‘b .‘ft”t: {ual
vaneous doubles, i. e two points of light ot asom: S1°%
i"mltneas apneared in the field of view at b alsmne ystant,
Tl Appes - nents seemed to show that the
Sﬂmi pl‘ﬁ_lﬁlllﬂﬂld}szﬁ}gf ::r;? sreater than was to be expected
numper of these N f z:-: -Fm exambple, in counting
trom Pmba:ﬁ%}lgﬁizn;imt?;?11:active deposi]i? of thorium, ft}n
an . average, about 15 dm}bleﬂ per I'Lfnmtlte V{E.}{.B f{;?ﬁ?:iig?ni lﬁi |
o ovaraoe of 50 scinfiliations per Innute, wille : b t -
dit;‘{;r - 1 scintillations the number of doubles was about o.
n v oF Il scInt.

0 Jvracen were instantaneous doubles,
If these “doubles’ {rom hydroge

.+ was obviously u matter of great 1mportance, possibly
1 EI-_ (3 . i

indieating the disruption by collision of one of the nuclei
e pm‘:ﬁllmber' of experiments were made to test this
o ng both hydrogen and paraffin wax as a 30111*(::191-.
hut very similar results were obtained un 1@1*51 .
| " The most favourable theoretical
conditions were chosen to incrmm-1the:5hml{—1]“_]h§:mf1§ iu;};
Joubles if they existed. For example, the 1 atoms were
. apated in a thin film of paraffin covering an ope ,g’
?17]1::1 ‘n diameter, placed near the zine iﬁsnl;ﬁ;lde Ep({e;né
; " o screen from the paramn iilm ai e
111‘? dlst?lﬁee ?L{i)sﬂ;ber hetween was ﬂdjl’lﬁtﬁd, 50 that} ?ver} if
B o hot forward nearly 1n the same direction,
the caltering would separate them on an ;Lﬁrerage:rg%c;ﬂne-
- iont distance in the field of view of the micro -EHE
vpﬁ;‘?incmded a field of view 2 mm. dlameter. | |Nﬂ a'pplﬂ.dl !

;wdv-mtage as regards the number of doubles was gained DY

10}

ig arrangement. _ * Sttt for o
thI was ’E%rtunate, in January of this year, to obtair

Phil. Mag. . 0. V«DL 37. No. 222. June 1919, 2 R

bri ght sCIn

question, 1sl
of H atoms, *
conditions of cxperiment.

two atoms were 8
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short time the skilled assistance of Professor K. Marsden
hefore his retnrn to New Zealand. BSystematic observations
were undertaken to record electromagnetically the time of
appearance of each scintillation on a chronograph tape while
the number of doubles was separately recorded. Mr. Marsden
and Mr. Kay counted alternately for a minute interval, and
the counts of each observer were separately analysed by
the former at leisure. On the probability theory, the
number of intervals between ¢, and ¢, seconds is given by
Ne-rth-t) where 1/u is the average interval between each
sointillation and N the total number of intervals, Marsden
and Barratt* had previously verified the correctness of this
theory, which shows that short intervals are more probable
than long ones. If the average number of scintillations is
30 per minute, w=1/2, and if the eye fails to distinguish an
interval less than 1/10 of a second, the average number of
doubles to be expected is 1'5 per minute. In practice, under
favourable conditions, the eye iz just able to deteet 1/10
sacond intervals for bright « ray scintillations.”

Comparisons were made to test the probability distribution
of « particles from polonium, whose range was adjusted to
give a scintillation of about the same average brightness as
the H atom.

The results of a typical series of counts both for a rays
and H atoms are included in the following table. The theo-
retical and observed number of intervals «1/10, < 1/2, and
<1 second are given in the table below ;-

- T T T T T T T T

Observer. scintil-

PR — ALLELUEL , B FY | === T A" T

Average Total

. nmber : , ,
mumber | N :} number of | number of | number of | number of | number of
ntions of svintil-| o o intervals, | intervals. | intervals. | intervals, | intervals.

1 lationa, | 1/108ec. | << 1/2 see. | <1/2 see. < 1 sec.

per min.

Caleulated | Observed | Calealated | Ohserved | Caleulated

<1 sec.

—— i — - a's a' NI — T — ] — —

& partic

Hydrog

les from | poloninm,
280 250 13 129 ¢ 33 GO 106
054 | 299 10 0443 46 45 83 |
an  atomls,
243 243 15 93 505 46 21
227 | 250 23 99 585 45 07
310 | 218 24 11 60-5 50 05
206 | 148 | 18 b 53 85 7Y

* M-ﬂrﬁdﬂjl and Bﬁrrat-t.; Pl‘ﬂﬂPllyg IESa:rn. xx1il. p. 36}“" (1911); xxi\;'.
p. 656G (1913),

—— —— faaTar T FTEET M
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The (:alcu]ated ﬂllt'"ﬂbﬂl-‘-ﬂr- ATE the sum of each nbservatiﬂn
worked out separately. | -

Tt will be seen that while there 18 a vory satisfactory
agreement between theory and experiment for the « rays
from polunium,#the agrecment is not o good for the H atoms.
Tnn the case of the a rays, the number of doubles shows that
the eye cannot distinguish an interval less 1'3111111 1/10 second ;
while in the case of H atoms the number ol doubles is nearly
twice the theoretical number calculated on this power of
Jistinotion. Whether this difference 18 apparent or real is
diffienlt to decide, for it must be remembered that counting

Y

«uoh weak scintillations and at the same time distinguishing
time intervals make a difficult task. N

[t is clear that under the experimental conditions, only a
«mall fraction of the number of scintillations can be regarded
as possible instantancous doubles, and the effect 18 too small
-nd uncertain to draw any very definite conclusions. It may
be urged that a question of this kind coald bfj.ae'tth?d more
definitely by arranging that a small number of seintillations
foll on the sereen per minute when the probability of short
. tervals becomes very small. On the other hand, 1t takes a
long time to count a sufficient number to compare theory
with experiment, and it is very fatiguing to the eye and
tnreliable to count for long under such conditions.

I am much indebted to Professor Marsden for his valuable
help 1n obtaining and analysing data for me on this

important point.

LIIL. Collision, of « Particles with Light Atoms. IT1. Niutrogen
and Oxygen Atoms. Dy Professor Sir . RUTHERFORD,

"R.8.F

F .

OHR t has worked out a general theory of the absorp-
B tion of electrified atoms in passing throngh matter,
.nd hag verified his conclusions by consideration ot the
absorption of « particles, On this theory, D{.:LI‘"W]I]I has
shown that the range of a swift hydrogen atom in hydrogen
.an be calculated, and the value so found 1s 1n good accord
with experiment. It is not difficult to deduce by the same

. method that the range z in hydrogen of an electrified atom
of charge ¢ and mass m moving with a speed equal to an

* (Jommunicated by the Author.
+ Bohr, Phil, Mag. xxv. p. 10 (1913).
t Darwin, Phil. Mag. xxvil. p. 459 (1914).

2R 2
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« particle of range R in hydrogen is given by

m 1
.fL'/ g M—' . F, ' e - ' . ' (1)

where M is the mass and E the charge on the « particle.

It is to be expected that this relation would hold approxi-
mately for the passage of electrified atoms through light
substances like air and aluminium, Since M=4 and E=2¢
where e is the unit charge, the rango @ of a particle carrying
a single charge i3 obviously 2==mR. The velocity v acquired

by an atom of mass m due to a close collision with an
a particlo of velocity v is given by

2M reos d
Mtm' 7

where 6 1s the angle of deflexion of the atom after the
collision,  Assuming that the range of electrified atoms
in eeneral like the range of « particles varies as the cube

of the velocity, the range » after collision of an atom
carrying unit charge is given hy

o{ 2M ¢ .
z=mR (—M +m) cos"f.

Applying this result to H atoms, the maximum velocity
ghould be (8/5)*R=4-1R, while the observed value is about
4R. As a further test of this relation, consider the range
to be exvected for the recoil atom of radium B of mass m
resulting from the expulsion of an « particle of mn,ge
4:75 em. from radium A. By the principle of momentum

W=

: : M
Mv=mu and the velocity of recoil u= v where m=214,

Jonsequently. the range in air

4\ TR
= 214 .(E-l—4) X4 7H =067 cm.

The value found by Wertenstein * is *12 mm., but, con-

sidering the very wide range of velocity, the agreement is
fairly satisfactory. If it be assumed that the range 1s pro-
portional to the power 2:83 instead of 3, this is a good
agreement both for the hydrogen and recoil atoms,

If the atom after collision with an « particle carries a

charge of two units, its range from (1) should be only about
1/4 of the same atom carrying a single charge. For

* Wertenstein, C. R. cl. p. 869 (1910) ; cli. p. 469 (1910),
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example, in a collision of an particle with the helium
0 | ’ l : y : 5 . "y
nucleus of equal mass, the range of the helium atom should
be the same as the a particle before the collision if it carries
two ch: . times this range 1f 1t carries one
two charges, but four g

charge.

We have collected Iin the following table data conmnected

with the collision of o particles with the lighter atoms of
matter. The maximum velncityf mnmerlltum!, and EI}ETE’){E
of the atom after collision are gIiven as fractions of that o

the incident =« particle. The range 18 caleulated on the

assumption that 1t 1s proportional to the power 29 of the
velocity and that the atom carries unit charge.

For convenience, the data for hypothetical atoms of mass
9 and 3 times that of hydrogen are included.

TABLE 1.
T N ) I - . Ratio of
Ratio of | Ratio of | Ratio of range
| Atomic | velooit momentum| eNergy | 4o tLot of
Element. wﬂ?;]]:llt. to that o | o that of | to that of | " ciqeny
(Y pn,rtinle.. a pm*tmlﬂ, o p&rbiﬂlﬂ. " Pﬂt‘tiﬂlﬂ.
— e T T T T e | 891
Hydiﬂgﬂn 'i]] :]%'2-;3 e 20 %*6
s . 1 1-14 85 98 505
L 4 | 100 100 1-00 400
Helim ..o 5| Tggr | lar |93 | 278
Bervllium .....-.-. 4) ‘610 1-38 2D H"T’T
Boron......... 11 533 | 146 78 17
Carbont | 12 500 150 75 161
Nitt"ﬂgﬂn““.-. ....... }lg i i‘i(l)—é %gg g‘i - 1‘2
gﬁ e 19 348 165 575 :Bg
Neom .l 20 | v888 167 55 8
P T 23 996 1-70 50 o7
Magnesinm  ...... 24 4 YR };i ’ig -
Aluminium ...... féz ?gg 56 on s
Sver | 108 0T 192 136 %,
Gold ovreerrreren 197 | 040 102 079

unr o —

. .oon that, on the assumption of unit charge, all the
atnIIiI;l;E (G:F ntcamicj weight up to oxygen should be_deteﬂ;(?dtl:
beyond the range of the a particle. Supposing | Jnmﬂ
a particles of range 7 cm. are used, the _1“3;&1_1:161111]2 _1;:,9.%
to be expected for umit charge are for He 280, La :
Be 154, Bo 124, 0 112, N 93, O 7-8 cm. e with

Jome preliminary experiments have been m;la, eEd Lth
belium, using the apparatus similar to that eqmpﬁ:)); d 1o
hydrogen and deseribed in paper I, but on a smatier SCaLo.
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The resuits show that if the collisions of « particles with
helirum atoms give any long-range scintillations of the order

of 28 cm. range, their number is very small compared with

that produced in hydrogen under similar conditions. We
may consequently conclude that the swift helium atoms
produced by collision carry a double charge like the
a particle. , | |
A fow experiments have been made to test whether the
atoms of lithium, boron, or beryllium have the range to be
expected 1f they carry a single charge. The salts Li,CO,,
B20;, BeO) were spread in a thin layer over the active source
which was inclined at a small angle with the horizontal, and
determinations made of the number of scintillations heyond
the range of the « particle. The air was exhausted and the
2 particles absorbed in aluminium and silver foils. No
certain evidence was obtained of the presence of appreciable
numbers of gcintillations at the ranges to bo expected if the
atoms carry a single charge. HKxperiments of this kind are
not easy on account of the difficulty of obtaining thin
untform films of the salts or metal under examination, and
of the necessity of getting rid of all traces of hydrogen
and water vapour, which give rise to numerous I-fyatmnﬁ.
It 18 intended later to make a systematic examination of

these clements to determine the range of the atoms produced

by close collisions with & particles.

Experiments in Air and Ozygen.

Experiments on the rango of swift atoms become much
easier and morce certain when the elements are in the gaseous
- state, for there is then no uncertainty with regard to the
uniformity of the absorbing column and usually no difficulty
n ensuring absence of hydrogen and water vapour. Thin
films of rolled metals like aluminium, silver, or gold are
usually very irregular in thickness. This irrepularity comes
out very obviously when intense sources of radiation are
cmployed under conditions when one in a million of the
incldent particles can be detected. Tt is not unusual in
these cases to find that « particles cun be detected at a
distance 10 per cent. beyond the average range of the
a particles as determined by ordinary methods. - Mica films
are very uniform and show none of these irregularities, but
unfortunately mica contsins both hydrogen and oxygen and
~gives rise to numerous H and O atoms beyond the range of
the bombarding a particles. -
- We have seen that both N and O atoms carrying a
single charge should be detected beyond the range of the
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« particles, and this is borne out by exper_imenﬁt_:{. In the
case of air, the active disk coitted with 1':1d1111]£1 & ‘ﬂf y-Tay
activity about 30 mg. Ra, was mounted Wlt_h 1ts plqne
vertical at a distance of about 7 cm. from a zinc sulphide
screen in the open air. Both the source and screen were
placed between the poles of a large electromagnet to deflect
the 8 rays. The vertical convection currents due to the
heated electromagnet preventﬂd any contamination of the
screen by active matter escaping from the source. .,

The end of the range of the « particles was sharply defined,
but numerous bright scintillations were observed tor d1st:n_1c:es
nearly 2 em, beyond the range of the « particles. There was
a steady decrease both in number and brightness up to 9 cm.
of air, angd beyond that distance the small number of scintil-
lations. observed, due to H atoms frowm the source and from
the water vapour in the air, fell ofi slowly. )

The range of these atoms was best determined by placing
the screen just outside the range of the « particles (7°1 crl.
at 15° C.) and then adding thin screens {J‘E‘ ailmmnmm foil
close to the zinc sulphide screen. The 'va,rmtmn_of ‘mlmher
with absorption in terms of cms. of air 1s shown in fig. 1.

Fig. 1.
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I+ will be seen that the scintillations fbfl;l off at first slowly
with increase of absorption and more rapidly near the end
of their range, which was equal to 9'0 cm, of air at normal
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pressurc and 15 C. The scintillations, presumably due. to
switt. N and O atoms, are bright and easily counted for
total absorption corresponding to about 75 ¢m. of air. Af#
this stage they appear equal in brightness to those oiven by
an a particle of range about 1 em. i ‘

In other experiments with air, nitrogen, and OXygen, and
carbon dioxide, the screen and source were ph;t:u'd in a
rectangular box and a slow eurrent of the dried gas passed
through during the experiment. This prevented contami-
nation of the screen by diffusion of active matter from the
source, and therange was determined by altering the distance
between source and screen. d

The scintillations in pure oxygen and carbon dioxide were
about the sume brightness for correspondin g ranges, and had
nearly the same equivalent ranges in air as those duc pre-
swinably to N atoms from the air. '

This was rather surprising, as we should expect -the O
atoms o have considerably less range than the lighter
N atom,  The calculated ranges (see table above) are 7+8
and 9°3 em. respectively.  This suggested the possibility
that the scintillations might be due not to N or O atoms but
to actual « particles of range 9 cmn. which were expelled
from the radioactive source. If this were the case, the total

range of the « particles should not be altered by placing an

absorbing screen of aluminium or gold of known stopping
power close to the source in the path of the « rays. On tha
other hand, if the scintillations were due to swift N or O
atoms from the air, the range should be diminished. For
example, if' a screen of stopping power equal to 35 em. of
alr were placed in the path of the a rays of rangoe 7°( cm.;
f;lm resulting range of the « particles acting on tho oas 18
2'd cm., and the total range of the N or O atoms measured

from the source should be 35+ £ x35=8'0 cm. instead of

9*0 cm. Kxperiments of this kind were muade with an
alummmum and a gold screen of stopping powers 3:7 and
2 om. respectively, but were not altogether satisfuctory
on account of the inequalities of the filins already referred
to. They showed, however, that no appreciable number of
scintillations could be detected beyond 8 em. The results
Indicated that the scintillations were due to atoms of N and
O and not to « particles from the source. This was further
confitmed by experiments with mica screens of stopping
power 7'0 cin.  The number of hright scintillations which
resembled « particles were less than half the number observed
In air or oxygen gas under similar conditions, but the
presence of numerous H atoms from the mica interfered

with an accurate determination. Since
oxyeen as well as hydrogen
and the number of scintillations observed was about
be expectod from the ammount of oxygen present, but was less
than the number observed in air.
doubt that the scintillations observed in air. between t_he
ranges 7 and 9 cm. arise from collision of « particles ’leih
" N and QO atoms. The observation that the range of the swift
atoms, produced by a particles 1n their passage through
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mica contains

we should obtain swift O atoms,
that to

=

There appears to be no

carbon dioxide, is equivalent to the range of O atoms, indicutes
that, there are no carbon atoms carrying a single charge, for
in that case bright seintillations should have been observed
for ranges up to 12 cm. of air (see Table L.).

It will b& remembered that in the beauntiful photographs

of M, C.T.R. Wilson * showing the trails of « particles, an

example-is given where the « particle in air shows a sudden
deflexion of 43°, and there is clear evidence of a well-marked
Bpur pmsﬁmﬂhly showing the trail of the N or O recoil
atom. It is of interest to compare the length of this spur
with the range to be expected for a collision with an O atom.
If & be angle of deflexion of the « particle and € the detlexion

of the O atom, |
| | ¥l Eil?_l- 20

tan ¢ = M —m cos 26’
where m=mass of O atom and M=mass of « particle.
Putting M =4, m=16, $=43°, then §=63""35.
It v = velocity of the « particle before the collision, the
velocity of the () atom
_ M
- M+m

while the velocity of the « particle after the collision
15 *934 v,

Range of recoil O atom VAN VE A G
_ Bangs o sl Oatom___ g (IR,
Range of a particle after collision -9 34

.veosf="178 v,

This is based on the calculation that the maximum range
of () atoms due to a particles from radium C 15 7°8 cm.,
while the observed range 1s 9°0 em. Making this correction,
the valuo 13 becomes *15.

It is possible to compare only roughly the ranges of the
& particle and recoil atom in ihe photograph, but the results
are in fair accord with the calculation.

¥ C. T. R, Wilson, Proc. Roy. Soc. A, Ixxxvil. p. 277 (1912).
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In the same photograph the « particle shows another
sudden bend of 10%5. In this case, the range of the recoil
O atom should be only about 1/800 of the « particle and
could not be distinguished on the photograph,

Number ﬂf N atoms.

In a previons paper we have calculated the number and
distribution of H atoms produced by « particles on the
assumption that the nucler muyv be regarded as point centres
of force repelling according to the law of the inverse square.
When these calculations are applied to the collision of
« particles with nitrogen or oxygen nuclei, the distribution
with velocity of the N and O atoms is very similar to that
for H atoms. We shouald consequently expect on the simple
theory that the number of N and O afoms should fall off
very rapidly between 7 and 9 cm., and that the number of
short-range atoms should greatly preponderate. Quite the
contrary is observed in the experiments (fig. 1), where it is

seen that the number of scintillations fall off quite gradunally

with range. .

There seems to be no doubt that the effects produced by

the collision of « particles with N and O atoms are very
similar to those observed 1n hydrogen. The observations
only receive an explanation on the assumption that the N
and O atoms like the H atoms are thrown forward mainly
in the direction of the « particles and, at any rate for swift
« particles, the velocities of the recoil atoms are nearly
unitorm for a given velocity ol the a particles. It should
be pointed out that the experiments with air and oxygen
differ in one respect from those with hydrogen. In the case
of air the « particles are completely absorbed in the column
of gas, while in the case of hydrogen the stopping power
was usually equivalent to less than 1 cem. of air. Con.
sequently in the air experiments, the scintillations observed
are due to N and O atoms which are produced by a particles
of all ranges between 7 and 0 cm., and thus have a wide
range of velocities.
A number of experiments were made by the use of absorh-
ing-screens of aluminium and gold in order to determine the
number of N and O atoms produced by « particles of different
range. JThe result asa whole showed that, for example, the
number produced in the first 35 cm. of the’ range of
the « particle from radium O was greater than in the last
3*d em., but accurate deductions were vitiated by the lack of
unitormity in thickness of the metal filins.

A number of concordant meusurements were made to fix
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the total number of scintillations observed 1n air :fm' a known
activity of the source. The number of scintillations per

minute due to N and O atoms at a distance ot 7'5> cm. 1D
air ot 15° (L was 2°2 on an area of the zine sulphide screen
equal to 3'14 sq. mmn. Referring to curve 1, 1t 1s seen th?;:fi
the number corresponding to an absorption of 7 cm. shou

be 2:6 and the number for 8 cm. absorption 1-9. o
All those atoms of range equal to or greater than & cm.

 must be produced in the first 55 cm. ot the path of the

« rays ; for the () atoms produced by « pa}rticles of range
2.5 am. cannot travel farther than 8 em. %1‘011‘1 the source,
and probably only a small fraction reach this distance owing
to scattering and straggling. N
For the purpose of calculation, suppose that the production
of swift atoms is uniform over the first 3'2 cm. of the range
and that p is the ratio of the number of switt atoms pl‘ﬂdﬂﬂﬁf({l
per cm. of path to the number of « particles passing through

the gas.
o , .’ = . _ . e .
The number Q of recoil atoms falling per second on the

" gerecn of area A after passing through [em. of gas is given by

. AIN
W=p. Agrp?’

where N is the total number of a particles emitted by thffa
source per second (3:7 x 107 per second per mg. Ra o
activity) and » is the distance ot the source from the screen.

Putting

)= LD A=0314 sq. em., =30 em., =10 om,

607

‘ 6
then the average value of p=43/10" |
When we take into consideration the well-known way In

which the « particles fall off near the end of the range
in consequence of scattering, it is obvious that the true value

of p is considerably greater than the above and is probably

about 7/10°. |
| Int}{e experiments with hydrogen, it was shown that

p = 1/10° about—a value not very different from that
ohserved in these experiments. We may chE:equent]y COn-
Jude that about the same number of EWIEt.HtUIHEF are
produced per centimetre of path by the passage of a:partlulei
throngh air, oxygen, and hydrogen. As' in the case o
hydrogen, it can be shown that all « p;il‘tl@lﬂﬁ, shot within
2 perpendicular distance p=24x 107" em. of thel_atmmc
nucleus, give rise to switt atoms of nitrogen and oxygen.
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It is clear from these results that the nueclei under con-
sideration can no longer be regarded as point charges for
distances of approach of the order of the diameter of the
electron. As far as experiment hasso far gone, 1t iz difficult
to fix with certainty the distance at which the forces hetween
the nuclei become abnormal, but a rough cstimate can be
made, Regarding the nuclei as point charges, the closest
distance of approach 1n a collision is 1+ X 10~ ¢m, in the
case of a hydrogen atom and 3-8 X 1071 ¢m. in the casge of
the oxygen atom, Taking into account the close similarity
of the effects producad by a particles in hydrogen and
oxygen and the greater repulsive forces hetween the nueclel
in the latter case, it seems probable that the abnormal forces
in the case of oxygen manifest themselves at about twice the
distance observed in the case of hydrogen. This would mean
that the rapid variation in the magnitude and direction of

the forces between the nonelei which lead to the recoll

of swift atoms mainly in the direction of the « particle
should begin at a distance about 7 x 107" cm. Such a
result is to be anticipaled on general grounds, for pre-
sumably the oxygen nucleus is more complex and has larger
dimensions than that of helinm.

In a paper published three years ago Mr. A. B. Wood and
the writer * deseribed experiments which showed that the
active deposit of thorium gave rise to a few « particles of
range 11'3 c¢m. in addition to the main group of ranges.
50 and 86 em, In these experiments, the « rays of range
86 cm. were absorbed in mica. In the light of the present
experiments, the oxygen present in the mica should give
rise to scintillations like « particles ot range

().
86 x A
U
This range is nearly the same as that observed 1n the
thorium experiment, and raises the question whether these
long range @ particles are not in reality due to collision of
e particles with the oxygen atoms in the mica. A fraction
of the scintillations must undoubtedly have been due o this
cause, but on the other hand the number of scintillations
observed, about 1/10000 of the number of « particles, 1s
considerably greater than is to be expected from the experi-
ments with radinm (!, Further experiments to clear up this

important point have been undertaken by Professor Marsden.
in New Zealand.

=111 em

¥ Rutherford and Weod, Phil. Mag. xxxi. p. 579 (1916).
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LIV. Collision of a Particles with Light Atoms. IV. 4n

Anomalous FEffect in. Nitrogen. By Professor Sir
E. RuTHERFORD, F.R.8.*

T has been shown in paper L. that a metal source, coated
with a deposit of radium C, always givesriso to a number

of scintillations on a zine sulphide screen tar beyond the range
of the « particles. The swift atoms causing these scintillation
carry a positive charge and are deflected by a magnetic field,
~nd have about the same range and energy as the swift H atoms
produced by the passage of « particles through hydrogen.
These “ nutural ”’ scintillations are believed to be due mainly
io swift H atoms from the radioactive source, but 1t is dithenlt

are expelled from the radioactive
<ource itself or are due to the action of « particles on occluded

hydrogen. , o
1y’]_‘héggﬂpp:a,1*‘at1:m. employed to study these “ natural » seintil-

lations is the same as that described in paper I. The intense
<ource of radium ( was placed inside a metal box abont 3 cm.
from the end, and an opening in the end of the box was
covered with a silver plate of stopping power equal to about
6 om. of air. The zine sulphide screen was mounted outside,
“hout 1 mm. distant from the silver plate, to admit of the
-ntroduction of absorbing foils between them. The whole
apparatus was placed 1n a strong magnetic field to deflect th:f_:
8 rays. The variation in the number of these “ lzatural

scintillations with absorption in terms of cms. of air 1s shown
- fic, 1. curve A. In this case, the awr in the box was
oxhausted and absorbing foils of aluminium were used. When
dried oxygen or carbon dioxide was admitted into the vessel,
the number of scintillations diminished to about the amount
to be expected from the stopping power of the column of
gz | | . .
nai’& surprising effect was noticed, however, when dried air
was introduced. Instead ot diminishing, the ll_umber of
«cintillations was increased, and for an absorption corre-
sponding to about 19 cm. of air the number was about twice
tﬁat observed when the air was exhausted. It was clear from
this experiment that the « particles in their passage through
air gave rise to long-range scintillations which appeared to
the eye to be about equal m_brlghtness to H secintillations.
A systenmtiu geries of 0135&}?3‘5}131]3 was un'de:rtaken to account
for the origin of these scintillations. In the first place we have
seen that the passage of « particles through nitrogen and

* (Communicated by the Author,
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oxygen gives rise to numeroushright scintillations which have

a range of about 9 cm. 1n air, These scintillations have about

the range to be expected if they are due to swift N or O atoms,

carrying unit charge, produced by collision with « particles. -

Fig, 1.
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All experiments have consequently heen made with an ab-
sorption greater than 9 em. of air, so that these atoms are
completely stopped before reaching the zinc sulphide screen.

It was found that these long-range scintillations could not
he due to the presence of water vapour in the air ; for the
number was only slightly reduced by thoroughly drying
the air. This is to be expected, since on the average the
namber of the additional scintillations due to air was equi-
valent to the number of H atoms produced by the mixture
of hydrogen at 6 cm. pressure with oxygen. Since on the
average the vapour pressure of water in air was not more
than 1 cm., the effects of complete drying would not reduce
the number by more than one sixth. HEven when oxygen
and carbon dioxide saturated with water vapour at 20° C,

28
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were introduced in place of dry air, the number of scintil-
lations was much less than with dry air.

Tt is well known that the amount of hydrogen or %ases

containing hydrogen is normally very gsmall in atmospheric
air. No difference was observed whether the air was taken

directly from the room or from outside the laboratory or was

stored for some days over water.

There was the possibility that the effect in air might be due

to libaration of H atoms from the dust nuclel In the air. No

appreciable difference, however, was observed when the dried
air was fltered through long plugs of cotton-wool, or by
storage over water for some days to remove dust nuclei.
Since the anomalous effect was observed in air, but not In

oxygen, or carbon dioxide, it must be due either to nitrogen
or to one of the other gases present in atmospheric air,  The
latter possibility was excluded by comparing the effects
produced in air and in chemically prepared nitrogen. The
nitrogen was obtained by the well-known method .of adding
ammounium chloride to sodium nitrite, and stored over water.
It was carefully dried before admission to the apparatus.
With pure nitrogen, the number of long-range geintillations

ander similar conditions was greater than in air. Asa result

of careful experiments, the ratio was found to be 125, the
valune to be expected if the scintillations are due to nitrogen.

The results so far obtained show that the long-range
seintillations obtained from air must be ascribed to nitrogen,
but it is important, in addition, to show that they are due to
collision of « particles with atoms of nitrogen through the
volume of the gas. In the first place, it was found that
the number of the scintillations varied with the pressure
of the air in the way to be expected if they resulted from
collision of « particles along the column of gas. In addition,
when an absorbing screen of gold or aluminium was placed
olose to the source, the range of the scintillations was found
to be reduced by the amount to be expected if the range of
the expelled atom was proportional to the range of the
colliding « particles. These results show that the seintil-
lations arise from the volume of the gas and are not due to
some surface effect in the radiocaetive source.

In fig. 1 curve A the results of a typical experiment are
oiven showing the variation in the number of natural seintil-
lations with the amount of absorbing matter in their path
measured in terms of centimetres of air for « particles. In
these experiments carbon dioxide was introduced at a pressure
caleulated to give the same absorption of the « rays as ordinary
air. In curve B the corresponding curve is given when atr
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‘at N.I.P. 1s introduced in place of carbon dioxide. The
difference curve C shows the corresponding variation of the
number of scintillations arising from the nitrogen in the air.
It was generally observed that the ratio of the nitrogen effect
to the natural effect was somewhat greater for 19 em. than for
12 cm. absorption.

In order to estimate the magnitude of the effect, the apace
between the source and screon was filled with earbon dioxide
at diminished pressure and a known prossure of hydrogen was
added. The pressure of the carbon dioxide and of h;dmn'eﬁ
were adjusted so that the total absorption of « particles in the
mixed gas should be equal to that of the air. In this way it
was found that the carve of absorption of H atoms produced
under these conditions was somewhat stoeper than curve C of
fig. 1. As a consequence, the amount of hydrogen mixed
with carbon dioxide required to produce a nunmber of geintil-
lations equal to that ot air, increased with the increase of
absorption.  For example, the effect in air was equal to
about 4 c¢m. of hydrogen at 12 cm. absorption, and about
8 cm. at 19 cm. absorption. For a mean value of the
absorption, the effect was equal to about 6 em. of hydrogen.
This increased absorption of H atoms under similar conditions

indicated either that (1) the swift atoms from air had a some- -

what greater range than the H atoms,or(2) that the atoms from

atr wore projected more in the line of flight of the « particles.
While the maximum range of the scintillations from ajr
. i " '-1 . . 'n

using radium C asa source of « rays appeared to be about the

same, viz, 28 cm., as for H atoms produced trom hydrogen,
1t was difficult to fix the end of the range with certainty on

account ot the smallness of the number and the weakness of
the scintillations. Some special experiments were made to
test whether, under favourable conditiens, any scintillations
due to nitrogen could be observed beyond 28 cm, of air
absorption, For this purpose a strong source (about 60 n g,
Ra activity) was brought within 25 em. of the zine sulphide
screen, the space between containing dry air.  On still further
reducing the distance, the screen hecame too hright Lo detect
very feeble scintillations. No certain evidence of scintillations
was found beyond a range of 28 em. It would therefore
appear that (2) above is the more probable explanation.

In a previons paper (I11.) we have seen that the number
ot swift atoms of nitrogen or oxygen produced per unit path
by collision with « particles 1s about the same as the corre-.

sponding number of H atoms in hydrogen, Since the number
of long-range scintillations in air is equivalent to that produced
under similar conditions in a column of hydrogen at 6 em.
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pressure, we may consequently conclude that only one long-
range atom is produced for every 12 close collisions giving

rise to a swift nitrogen atdom of maximum range 9 cm.

Tt is of interest to give data showing the number of long-
range scintillations produced in mitrogen at atmospheric

pressure under definite conditions, For a column of nitrogen

3'3 cm. long, and for a total absorption of 19 em. of air from
the source, the number due to nitrogen per milligram of
activity is *6 per minute on a screen of 314 sq. mm. area.

Both as regards range and brightness of scintillations, the
long-range atoms from nitrogen closely resemble H atoms,
and in all probability are hydrogen atoms. In order, how-
ever, to settle this important point definitely, 1t 1s necessary
to determine the deflexion of these atoms in a magnetic field.
Some preliminary experiments have been made by a method
similar to that employved in measuring the velocity of the
H atom (see paper 1I.). The main difficulty 1s to obtain a
sufficiently large deflexion of the stream of atoms and yet
have a sufficient number of scintillations per minute for
counting. The a rays from a strong source passed through
dry air between two parallel horizontal plates 3 em. long and
1-6 mm. apart, and the number of scintillations on the screen
placed near the end of the plates wus observed for different
strengths of the magnetic field. Under these conditions,
when the scintillations arise from the whole length of the
column of air between the plates, the strongest magnetic
field available reduced the number of scintillations by only
30 per cont. When the alr was replaced by a mixture of
carbon dioxide and hvdrogen of the same stopping power for
 rays, about an equal reduction was noted. As far as the
experiment goes, this is an indication that the scintillations
are due to H atoms ; but the actual number of scinttllations
and the amount of reduction was too small to place much
roliance on the result. In order to settle this question
definitely, it will probably prove necessary to employ a
solid nitrogen compound, free from hydrogen, as a source,
and to use much stronger sources of « rays. In such expe-
riments, it will be of importance to discriminate between
the deflexions due to H atoms and possible atoms of atomic
weight 2. From the calculations given in paper III., it
i« seen that a collision of an « particle with a free atom of
mass 2 should give rise fo an atom of range about 32 em., in
air, and of initial energy about *89 of that of the H atom
produced under Eilﬂilﬂr-cﬂndltliﬁllﬂ. The deflexion of the
pencil of these rays in a magnetic ﬁ?ld should be about ‘6 of
that shown by a corresponding pencil of H atoms.

Phil. Mag. 8. 6. Vol. 37, No, 222. June 1919, 2 8
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Discussion c_rf results.

From the results so far obtained it is difficult to avoid the
conclusion that the long-range atoms arising from collision of
« particles with nitrogen are not nitrogen atoms but probably
atoms of hydrogen, or atoms of mass 2. If this be the case,
we must conclude that the nitrogen atomn is disintegrated
under the intense forces developed in a close collision with. «
swift « particle, and that the hydrogen atom which is liberated
formed a constituent part of the nitrogen nucleus. We have
drawn attention in paper III. to the rather surprising obser-
vation that the range of the nitrogen atoms in air is about
the same as the oxygen atoms, although we should expect a
difference of about 19 per cent. Ifin collisions which give rige
to swift nitrogen atoms, the hydrogen is at the same time
disrupted, such a difference might be accounted for, for the
energy 18 then shared between two systems.

It is of interest to note, that while the majority of the
light atoms, as is well known, have atomic weights repre.
sented by 4n or 4n 4+ 3 where » is a whole number, nitrogen
1s the only atomswhich is expressed by 4n+2. We should
anticipate from rvadioactive data that the nitrogen nucleus
congists of threo helium nuclei cach of atomic mass 4 and
elther two hydrogen nuclei or one of mass 2. IF the H nuclei
were outriders of the main rystem of mass 12, the number of
close collisions with the bound H nuclei would be less than if
the latter were free, For the « particle in a collision comes
under the combined field of the I nucleus and of the central
mass. Under such conditions, it is to be expected that the
« particle would only oceasionally approach close enough to
the H nucleus to give it the maximum voloeity, although in
many cases 16 may give it snfficient energy to break its bond
with the central mass. Such a point of view would explain
why the number of swift H atoms from nitrogen is less than
the corresponding number in free hydrogen and less also than
the number of swift nitrogen atoms. The genoral results

indicate that the H nuclei, which are released, are distant

about twice the diameter of the electron (7x1078em.) from
the centre of the main atom. Without a knowledge of the
laws of foree at such small distances, it is difficult to estimate
the energy required to free the H nucleus or to calculate the
maximum velocity that can be given to the escaping H atom.
It is not to be oxpected, a priors, that the voloeity or range
of the H atom released from the nitrogen atom should be
1dentical with that due to a collision in free hydrogen.
Taking into account the great energy of motion of the
« particle expelled fromn radium C, the close collision of such
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an « particle with a light atom seems to he the most hkely
agency to promote the disruption of the latter ; for the forces
on the nuclei arising from such collisions appear to be greater
than can be produced by any other agency at present avail-
able. Considering the enormous 1ntensity of the forces
brought into play, it is not so much a matter of surprise
that the nitrogen atom should suffer disintegration as that
the « particle itself escapes disruption into its constituents.
The results as a whole snggest that, if « particles—or similar
projectiles—of still greater onergy were available for experi-
ment, we might expect to break down the nuclens structure
of many of the lighter atoms,

I desire to express my thanks to Mr. William Kay for his
nvaluable assistance in counting scintillations.

University of Munchester,
Apnl 1919, -

LV. The Rotational Osecillation of @ Cylinder in a
Viscous Liquid. By D. Cosrer *.

HI5 problem has been dealt with by Stokest for the
purpose of numerical calculations to determine the
viscosity of the air. Still, T think it 1nteresting to publish
another solution of the problem which gIVes more Oppor-
tunity of discussing the different cases, though it is perhaps
less adapted to precise ealeulations.

The method to be followed will be in the main the same as
that used by Prof. Verschaffolt in the analogous case of the
sphere 1. e consider the rotational swings about its axis
of an 1nfinitely long cylinder which executes a forced vibra.
tion.  Our object will be to ascertain the motion in the hiquid
which will establish itself after an infinite- time (in practice

atter a relatively short time§) in order to compute the

frictional moment of forces exerted on the cylinder by the
liquid. The calculations will be roferred to a height of 1. cm.

The motion of the cylinder may be reprosented - by
a = a cos pt whero « is the angle of rotation. An obvious

assumption to be made is that the liquid will be set In motion

in coaxial cylindrical shells each of which will execute its
oscillations as a whole.  On this assumption it is not diffieqlt

* Communieated by Prof. &, N, Watson, MLA,, D.Sc. First published

in the Amsterdam Proc. May 1918, vol. xxi. p. 193,

t Math. Papers, vol. v, p. 207.
I Cf. Amst, Proc, vol. xviii, p. 840; Comm. Leiden, 1480,
§ Cf. Comm, Leiden, p. 22, footuote.
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