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BUJATHUHN EKCIIEPUMEHT ®I3UKH XX CTOJITTS
(10 cTopivys BIAKPUTTS AaTOMHOTIO SiAPa)

Cro pokiB TOMy rpylia HayKoBIiB 3 MaHdec-
TEPCHKOTO YHIBEPCHUTETY MiA KepiBHHUTBOM Ep-
Hecta Pesepdopnma 3aBepmmia cepiro eKCHepu-
MEHTIB, 5IKi chopMyBaay Halli HUHIIIHI YSIBICHHS
npo OymoBy aroma. Byno noBeneno icHyBaHHSA
aTOMHOTO sI/Ipa — IIO3UTHBHO 3apsIKEHOI CepPIICBH-
HU aToMa, y SIKilf 30cepe/KeHa Maiixe BCS Maca i
sika 3aiiMae KpHXITHY, BCHOTO OJHY MIJIbAPIHY,
4acTKy Horo 06’ emy.

YdacHUKaMH IIMX EKCIICPUMEHTIB, OKpiM Pe-
3epdopaa, Oyiam: Mononuit Himenbkui ¢isux 'aHc
Ieitrep (1882—1945) Ta 30BciM IOHUH CTYIEHT 3
Hogroi 3enannii Epnect Mapcaen (1889-1970).
CyTh eKCHEepHMEHTIB ToJjsArajia B IOCIiIKEHHI
po3citoBaHHs anb(a-4YaCTHHOK Ha METaJivHil
¢domp3i. ATb(a-4acTUHKY, IPKEPETIOM SIKHUX OyB pa-
Iii, CpsSIMOBYBAJINCS Ha OTBIp y HEHNPOHUKHOMY
eKpaHi 1 Tak GopMyBaBCs BY3eHbKHUH mydok. Jlami
el TMy4OK CHpSMOBYBABCS Ha MeTajeBy (30JI0Ty)

© Tonoo I1. I, 2011

(oustbry. OCKiJIbKH MO3UTHBHO 3apsKeHHI abda-
YACTUHKHU B3aEMOJISIIH 3 aTOMaMH (DOJIBTH, TPa€eK-
TOpii IXHBOTO PyXy JAelo BUKpUBIsUcs. Po3ciani
YACTHUHKHU CIIOCTEPITaJIUCs y BHIVISAI CBIYCHHS Ha
ekpaHi i3 cynb(diny HMHKY. 3a BiCYTHOCTI MeTa-
7eBo1 (OJBIM Ha PEECTPYBAIHLHOMY €KpaHi OTpH-
MYBaJIOCSI 4iTKe 300pa)XeHHS LIUIMHU. SIKIo my-
YOK TEPETHHAB TOHKY (OJIBrY, TO 300pakKeHHs
TpOXH Oys0 pO3MHTE i PO3IIMpPEHE, IO CBIAYNIO
PO PO3CiIOBaHHS.

[epmri ekcriepuMEHTH TOKa3aid, IO albQa-
YaCTUHKHU MaJIO BiAXWIIAIOTHCS BijI TOYaTKOBOTO Ha-
MPSIMKY — HE O1JIbIIIe OTHOTO-ABOX TPaIyciB. Y 1bO-
My He OyJI0 HI90TO TUBHOTO 3 MOIJISY TOTOYACHUX
yaBIeHb Tpo aroM. BucokxoeHepretwuHi anbga-
YaCTHHKH, TPOJITAIOUM TOOMU3y aroma, ciabo 3
HHUM B33a€MOJIiI0Tb, OCKLIBKHU BiH eJIEKTPOHEHTpaib-
HUH. SKIo 3iTKHEHHs Oyne JI0OOBHM, TO KapTHHA
PO3CiIOBaHHS 3aJIe)KaTUME BiJl BHYTPIIIHBO1 Oy0BU
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LXXIX. The Scattering of « and 8 Purticles by Matter and
the Structure of the Atom. By Prolessor K. LUTHERFORD,
F.R.8., University of Manchester ™.

§ 1. IT is well known that the a and 8 paviicles suffer
' deflexions from their rectilinear paths by encounters
with atoms of matter. This seattering is far more marked
for the B than for the « particle on account of the much
smaller momentum and energy of the former particle.
There scems to be no doubt that such swiftly moving par-
ticles puss through the atoms in their path, and that the
deflexions observed are due to the strong cloctric ficld
traversed within the atomic system. Tt las generally been
supposed that the scattering of a pencil of a or 8 rays in
passing through a thin plate of matter is the result of a
multitude of small scatterings by the atoms of matter
traversed. The observations, however, of Geiger and
Marsden t on the scattering of a rays indicale that some of
the o particles must sutfer a deflexion of more than a right
angle at a single encounter. They found, for example, that
a small fraction of the incident « particles, about 1 in 20,000,
were turned through an average angle of 90° in passing
through a layer of gold-foil about *00004 cm. thick, which

as equivalent in stopping-power of the & particle to 1'6 milli-
metres of air.  Geiger § showed later that the most probable
angle of deflexion for a pencil of « particles traversing a gold-
foil of this thickness was about 0™87. A simple calenlation
based on the theory of probability shows that the chance of
an o particle being deflected through 90° is vanishingly
gmall. In addition, it will be seen later that the distribution
of the « particles for various angles of large deflexion does
mot follow the probability law to be expected if such large
deflexions are made up of a large number of small deviations.
i seems reasonable to suppose that the deflexion through
b large angle is due to a single atomic enconnter, for the
thance of a second encounter of a kind to produce a large
fleflexion must in most casos be exceedingly small. A simple
gdlculation shows that the atom must be a seat of an intense
electric field in order to producs such a large deflexion af a
ﬁbﬁle encounter.

ecently Sir J. J. Thomson § has put forward a theory to

* Communicated by the Author. A brief account of this paper was

mmunicated to the Manchester Literary and Philosophical Society in
February, 1911,

t Proc. Roy. Soc. Ixxxii. p. 493 (1009).

1 Proc. Roy. Soc. Lxxxiii. p. 492 (1910).

§ Camb. Lit. & Phil. Soc. xv. pt. 5 (1910).
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explain the seattering of electrified particles in passing through
small thicknesses of matter. The atom is supposed to consist
of a number N of negatively charged corpuscles, accompanied
by an equal quantity of positive electricity uniformly dis-
tributed throughout a sphere. The deflexion of a negatively
electrified particle in passing through the atom is ascribed to
two causes—1) the repulsion of the corpuscles distributed
through the atom, and (2) the attrnction of the positive
electricity in the atom. The deflexion of the particle in
passing through the atom is supposed to be small, while
the average deflexion after a large number n of encounters
was laken as +/m . @, where 6 is the average deflexion due
to a single atom. It was shown that the number N of the
electrons within the atom could be deduced from observations
of the scattering of electrified particles. The accuracy of this
theory of compound scattering was examined experimentally
by Crowther® in a later paper. His results apparently
confirmed the main conclusions of the theory, and he deduced,
on the assamption that the positive electricity was continuous,
that the number of electrons in an atom was about three
times its atomic weight.

The theory of SirJ. J. Thomson is based on the assumption
that the scattering due to a single atomic encounter is small,
and the particular structure assumed for the atom does not
admit of a very large deflexion of an « particle in traversing
a single atom, unless it be supposed that the diameter of the
sphere of positive electricity is minnte compared with the
diameter of the sphere of influence of the atom.

Since the « and 8 particles traverse the atom, it should be

ossible from a close study of the nature of the deflexion to
orm some idea of the constitution of the atom to produce
the effects observed. In fact, the scattering of high-speed
charged particles by the atoms of ‘matter is one of the most
promising methods of attack of this problem. The develop-
ment of the scintillation method of counting single  particles
affords unusual advantages of investigation, and the researches
of H. Geiger by this method have already added much to
our knowledge of the scattering of « rays by matter,

§ 2. We shall first examine theoretically the single en-
counters t with an atom of simple structure, which is able to

* Crowther, Proe, Roy. Soe. Ixxxiv. p. 226 (1910).

t The deviation of a icle throughout a considerable angle from
an encounter with a single atom will in this parer be called © single”
scattering. The devintion of a particle resulting from a multitude of
small deviations will be termed ** compound " scattering.

Puc. 1. Pesynsrarn nocnimkens E. Pesepdopna (mus.: [3])

aToMa. SIK11o B34TH 32 0CHOBY Mozenb Jxk. JIx. Tom-
COHa, TOOTO BBa)KaTH aTOM MO3UTHBHO 3aPSIKEHOIO
Kynbkoto (pagiycom mpubmusno 1019 M), To emek-
TPOCTATHYHHI MTOTEHITI A O1JIS TOBEPXHI TaKOT KYJIb-
k1 Oye MEHIIMM 3a KiHETHYHY eHepriio aibga-
gacTHHKH. ToMy anbda-4yacTHHKY IPOHU3YBATUMYTh
TaKUi aTOM HAaCKpi3b, 3a3HAI0YM HE3HAYHOTO PO3Ci-
10BaHHs. (BIuB aToMa y bOMY BUNAAKY MOAIOHUIT
JI0 JTii pO3CItOBAIBHOT JTIH3H Ha ITyYOK CBITIIA.)
OnHouacHO 3 TOMCOHOBOIO MOJIETUITIO aTOMa KiJb-
Ka BiJOMUX BUCHHUX 3aIIPOIIOHYBAJIH TaK 3BaHy IIaHe-
TapHy MOJeb. 3a JecaTh pokiB 1o Pesepdopna,
y 1901 p., XKan Ilepen omyOiikyBaB CTaTTIO 3 MPOPO-
qoro Ha3Boio «HykieapHo-mmanerapHa Oymosa aro-
May, Jie CTBEpIXKYBaB, L0 EJEKTPOHH OOEPTaIOThCA
M0 EJNTHYHUM OpOiTaM HAaBKOJIO MO3WTHBHO 3apsi-
JOKEHOTO siipa, TIOMIOHO 0 TuIaHeT HaBKoso COHIIS.
Cxoxy TiNOTe3y BHCIIOBUB 1 BiIOMHI SIITOHCHKUHA (i-
3uk Haraoka. oMy ysBIIsIBCS aTOM He y BUIISI co-
HSIYHOI CHCTeMH, a AK CaTypH: SIKIIO Kb 3aMIHUTH
HETaTHBHO 3apS/PKCHIMH €JICKTPOHAMH, a IPHUTSTY-
BAJIbHUI LIEHTP — MO3UTUBHO 3aPSPKCHOI0 YaCTHH-

koro. [Ipore 1i, Ha TepHIViA TODISA) MPABIOMOAIOH]
MOJIeNi, HE BUTPUMYBAJIM CEpPHO3HOI KpUTHKH. Ha
BiIMIHY Bi/l He3aps/KEHUX HEOECHUX Til, sIKi B3ae-
MOJIiFOTh BIIMOBITHO JI0 3aKOHY BCeCBITHBOTO TSKIH-
Hl, CHCTeMa 3apsKEHUX PYXOMUX TLI HE MOXe OyTH
CTIHKOI0; PYXarO4HUCh ITO KOJIOBHX YH CIIITHYHUX Op-
0iTax, 3aps/DKeHI YaCTUHKH BHUIIPOMIHIOBATHMYTh
CBITJIO 1 BTPAUYaTUMYTh KIHETUUHY CHEPrito. 3a ayxKe
KOPOTKHH Yac Taki 3apsKCHHI YaCTHHKH (eJIeKTpo-
HH) MaJaTUMYTh Ha IPUTATYBAIBHU LEHTP.

OuesunHo, Pezepdopa 31aB npo i rimore3u. Ta
i crarts Haraoku Oyma mepeapykoBana y 1904 p.
y “Philosophical Magazine”, a 3a myOnikamisMu y
IIBOMY JKYpHAJII BUYCHHH yBa)KHO CTEXHB. Baxxo
CHOTO/IHI BIIHOBHTH JYMKH 1 MOTHBH Jiii Pesep-
dopna. Ane y 1909 p. y HbOro BHHHUKJIA ij1es mepe-
BIPUTH, UM MOXYTh aJib(a-4aCTHHKH IIPHU PO3Cito-
BaHHI Ha MeTaJeBil (GoNb3i BIAXUWIATHCS Ha BEJTUKI
kyTH. Lle manu nepeBiputu [eitrep i Mapcnen. Och
K 3rajgye nepeobir noxiit cam Pezepdopa:

«...SIkocpk T'eiirep 3arnsiHyB O MEHE 1 3aIMTaB:
“Uu He 3pmaethcss Bam, mo monomguit Mapcnen
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produce large deflexions of an « particle, and then compure
the deductions from the theory with the experimental dat
available, )

Consider an atom which contains a charge +Ne at its
centre surrounded by a sphere of electrification coutaining
a charge F Ne supposed uniformly distributed throughout a
sphere of radius R. ¢ is the fundamental unit of charge,
which in this paper is taken as 4'65x 107 k.5, unit. We
shall suppose t‘jnat. for distances less than 10-12 cm. the central
charge ‘and also the charge on the « particle may be sup-
posed io be concentirated at a point. It will be shown that
the main deductions from the theory are independent of
whether the central charge is supposed to be positive or
pegative. For convenience, the sign will be assumed to be
positive. The question of the stability of the atom proposed
need not be considered at this stage, for this will obviously
depend upon the minute structure of the atom, and on the
motion of the constituent charged parts.

In order to Form some idea of the forces required to
deflect an « particle through a large angle, consider an atom
containing a positive charge Ne at'its centre, and surrounded
by a distribution of negative electricity Ne uniformly dis-
tributed within a sphere of radius R. The electric force X
and the potential V at a distance » from the centre of an
atom for a point inside thé atom, are given by

X=Ne(s- i)

1 3
V=Ne( = o + g

Suppose an « particle of mass m and velocity « and chm'%e B
shot directly towards the centre of the atom. It will be
brought to rest at a distance b from the centre given by

1_3 E)
R TR/

It will be seen that b is an important quantity in later
calculations. Assuming that the central charge is 100e, it
can be calculated that the value of b for an a particle of
velocity 2:09 x 10° cms. per second is about 3:4 X107 em.
In this calculation b is supposed to be very small compared
with R. Since R is supposed to be of the order of the
radius of the atom, viz. 10-% em., it is obvious that the
a particle before being turned back penetrates so close to

dmuP=NeE (
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the central charge, that the field due to the uniform dis-
tribution of negative electricity may be neglected. In
general, a simple calculation shows that for all deflexions
greater than a degree, we may without sensible error suppose
the deflexion due to the field of the central charge alone.
Possible single deviations due to the negative electricity, if
distributed in the form of corpuscles, are not taken into
account al this stage of the theory. It will be shown later
that its effect is in general small compared with that due to
the central field.

Consider the passage of a positive electrified particle close
to the centre of an atom. Supposing that the velocity of
the particle is not appreciably changed by its passage through
the atom, the path of the particle under the influence of a
reﬁmlsive force varying inversely as the square of the distance
will be an hyperbola with the centre of the atom S as the
external focus. Suppose the particle to enter the atom in
the direction PO (fig. 1), and that the direction of motion

Fig. 1.

on escaping the atom is OF’. OP and OP' make equal angles
with the line SA, where A is the apse of the hyperbola.
p=8N=perpendicular distance from cenire on direction of
initial motion of particle.

IIponosxenns puc. 1

MOBUHEH PO3MOYaTd CaMOCTIiiHI JOCHiIKeHHS?”
S 3romuBces 3 UM 1 cka3as: “JlaBaiiTe 3ampoNOHYeE-
MO HOMY TOCIIOCTEPIraTH — YU He PO3CIIOI0THCS SIKi
HeOyTh anb(a-qacTHHKU Ha BENUKI KyTH?” 3i3HaI0-
csl, sl TOJI HE HAJTO BIPWB, IO 3 I[OTO M0-HEOYIb
BUI/Ie; aJDKe MH 3HAIH, 0 anb(pa-dYacTHHKU — 1e
JIOCTaTHBO MAaCHBHHH MIKPOOO’€KT, SKHU IIBHIKO
PYXa€eTbes 1 Mae BeMHUC3HUM 3amac eHeprii. SIkmo
BIIXHMJICHHS Ha BEJIMKI KyTH YSBUTH CO0I SIK eekT
HarpoOMa DKEHHST MAJUX BiIXHJICHb y BEJIHKIH IO-
CJIIJOBHOCTI aKTiB PO3CIIOBaHHSA, TO WMOBIPHICTh
PO3CitOBaHHS Ha3a] HEXTOBHO MaJa.

...Hepe3 aBa aui micng Hamoi po3mosu [eiirep
yOIr 10 MOro KabiHeTy CHIIBHO 30y/DKCHHH 1 3aKpH-
yaB: “Ham Bmasnocs 3apeecTpyBaTH JACKiIbKa aab(a-
YaCTHHOK, sIKi po3ciroroTeest Hazan!.. ”» [1, c. 169—
170].

Otxe, sk 3a3Ha4aB caM Pesepdopa, moscHUTH
BIJIXHJICHHS Ha BEJIMKI KYTH Yepe3 HarpoMa KCHHS
MaJIMX BIAXWJIEHb BHACHIJOK 0araToKpaTHOTO po3-
citoBaHHS OyJ0 HEMOXIMBO. Take MOIJIO CTaTHCA
JIUIIE Y Pe3yJbTaTi OTHOPA30BOTO 3ITKHEHHSI.

B excniepumentax I'efirepa i MapcaeHa BUAKICTE
anbda-yacTHHKY cKitagaina 2,09% 107 M/c, a BiTHOIIEH-
HsT MacH 110 3apsiay npuomusHo 2% 108kr/Ki. (O6uasi
BenmmauHU Oy BuMipsiHi MetonoM Jx. JIx. Tomco-
Ha — MO BIIXWJICHHIO B €IEKTPHYHUX Ta MAarHITHUX
noJsix.) 3apsy rinoreTudHoro sapa Pesepdopn 38u-
YaiiHO HE 3HaB, aje IPUPOAHO OYyIIO DOIYCTUTH Horo
Z-KpaTHHUM €JIEMEHTAPHOTO 3apsiy eleKTpoHa. Bumi-
pu MimtikeHa qaBanv Bemmuuny 1,6x107° Kot

Ha ocHOBI 1Tux gaHuX HEBaXKo Oymo oOpaxysa-
TH BlCTaHb MiHIMaJbHOIO 301MkeHHs1. BoHa ckiia-
nana 3xZx1071'% m. Ile panTacTHUHO Mana BinCTaHb.
Hagits sik11o atomHa 4yacTuHa (SAPO) Mae 3apsn Je-
KUTbKACOT OJIUHMIIb EJICKTPHYHOTO 3apsay, TO ii
po3MipH He MOXKYTh niepeBuiyBari 1073 m.

Po3ciroBaHHs Ha3aJl CBIAYNTH HE TUIBLKHU PO TE,
IO B IIEHTPi aToMa y MajoMy 00’ €Mi 30CepeKeHO
TIO3UTUBHHUH 3apsi, a i mpo Te, 10 Maca I[bOro Ma-
Joro 00’eMy TIepeBHUIIYE Macy allb(ha-dacTHHKH.
Enextpon maiixe y 8000 pasziB mermmii anbga-
YaCTUHKH, TOMY IXHIH BIUTHB Ha 3BOPOTHE PO3CIiIO-
BaHHS MOXKHA HE OpaTH J0 YBaru.
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[Ipo pesynwraTu mux gociimkens E. Pesepdopn
nomnoBiB 7 6epesns 1911 poky Ha 3aciganni dino-
coepkoro ToBapucTBa B Mandectepi [2], a 3romom
omyOmikyBaB crarTio B JKypHami ‘‘Philosophical
Magazine” (nuB. puc. 1 Ha c. 4-5) [3].

[TpunycTrBIm, 10 B IEHTPI atoma repedyBae
TOYKOBHI TTO3UTHBHUM 3apsil, a HOro HOCiif Ma€e BeH-
Ky Macy, Pezepdopn orpumas Gopmyiy 11 e(peKTHB-
HOTO Tepepizy po3ciroBaHHA Ha JaHui KyT. ChOro/HI
1 opMylia, OTpEMaHa B paMKax KIIAaCHYHOI MEXaHi-
KH, BUBYAETHCS CTYICHTaMH-(I3UKaMH B YCHOMY CBi-
i Ti CIpaBeIUIMBICTh HAJIHHO minTBepauin [eirep i
MapcneH, mnepepaxyBaBIld MiJbHOHH CrajlaxiB Ha
cyib¢in-nuaKoBoMy ekpaHi. IToxiOHi popmynu mis
IHIIUX B3a€MOJIi HUHI CTAHOBJIATH OCHOBY (Di3MKH

1. Baitnbepr C. OtkpsiTHe cybaTomubix 4actui / Ilep. ¢ aHDI.
A. H. Konnpamosoii ; mox pen. E. M. Jleiikuna. — M. : Mup,
1986. —276 c.

2. Rutherford E. The Scattering of the a- and b-Rays and the
Structure of the Atom // Proceeding of the Manchester Literary
and Philosophical Society. — 1911. — L. IV, 55. — P. 18-29.

BHUCOKUX €HEprii. 3amicTh aib(a-4yacTHHOK y ChO-
TOAHIIIHIX EKCIEPUMEHTaX BHUKOPHCTOBYIOTH IIPO-
TOHHi 260 €IeKTPOHHI MyuKH. IX pO3raHAIOTH 10 Be-
JIMYE3HHUX CHEePriil y HaIIOTyKHUX MIPUCKOPIOBAYAX.
OpHak cyTh 1 OCHOBHa i1est ekcriepuMeHTy Pesepdop-
Jla 3aJTAIIIACS 0€3 CYTTEBUX 3MiH.

JlBa BEIMKUX NOCSTHEHHS (hi3UKH — BIIKPUTTS
enekrpona /Ix. JIx. Tomcona, Buutenem Pesepdop-
Ia, 1 BIOKpUTTA siapa camuM Pesepdopmom 3 fforo
kojieram, ['eifrepom i MapcaeHoMm, 3aroyaTKyBain
HOBY (i3uKy — (Pi3UKYy MIKpPOCBITY.

CbOrofHi 03Mparovrch Ha TPAaHIIO3HUN WIISAX
JIOBXXHUHOIO Y CTOJIITTS, 10 HOTO MpouInia (i3uka,
BiZIIa€EMO IIAHY THM, XTO Oyau mepumuMu: ToMcoH,
ITnank, Pesepdopy...

3. Rutherford E. The Scattering of a- and b-Particles by Matter and
the Structure of the Atom // Philosophical Magazine. — 1911. —
S. 6. —P. 669-688.
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