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XXIX. T he Scattering of o and 3 Particles by Matter and
he Structure of the Atom. By Professor H. RUTHERFORD,
PR.S., University of Manchester *.

2 IT is well known that the = and B particles suffer
: deflexions from their rectilinear paths by encounters
ith atoms of matter. This scattering is far more marked
the B than for the « particle on account of the much
maller momentum and energy of the former particle.
ere seems to be no doubt that such swiftly moving par-
icles pass through the atoms in their path, and that the
lexions observed are due to the strong electric field
versed within the atomic system. Tt has generally been
posed that the scattering of a pencil of « or B8 rays in
ing through a thin plate of matter is the result of a
Ititude of small secatterings by the atoms of matter
versed. The observations, however, of Geiger and
irsden t on the scattering of « rays indicate that some of
» @ particles must suffer a deflexion of more than a right
gle at a single encounter. They found, for example, that
all fraction of the incident « particles, about 1 in 20,000,
turned through an average angle of 90° in passing
ough a layer of gold-foil about 00004 cm. thick, which
equivalent in stopping-power of the &« particle to 1-6 milli-
tres of air. Geiger I showed later that the most probable
ole of deflexion for a pencil of « particles traversing a gold-
of this thickness was about 0°-87. A simple caleulation
sed on the theory of probability shows that the chance of
a particle being deflected through 90° is wvanishingly
1. In addition, it will be seen later that the distribution
e « particles for various angles of large deflexion does
follow the probability law to be expected if such large
xions are made up of a large number of small deviations.
eems reasonable to suppose that the deflexion through
rge angle is due to a single atomic encounter, for the
ce of a second encounter of a kind to produce a large
xion must in most cases be exceedingly small. A simple
alation shows that the atom must be a seat of an intense
ric field in order to produce such a large deflexion at a
e encounter.
cently Sir J. J. Thomson § has put forward a theory to
Communicated by the Author. A brief account of this paper was
unicated to the Manchester Literary and Philosophical Society in

uary, 1911.
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672 Prof. E. Rutherford on the

the central charge, that the field due to the uniform dis-
tribution of negative electricity may be neglected. In
general, a simple calculation shows tﬁat for all deflexions
greater than a degree, we may without sensible error suppose
the deflexion due to the field of the central charge alone.
l:":osslble single deviations due to the negative electricity, if
distributed in the form of corpuscles, are not taken into
account at 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. f

Consider the Fassage 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
repulsive 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.

s m—

on escaping the atom is OP’. OP and OP' make equal angles
with the line SA, where A is the apse of the hyperbola.
p=8N=nperpendicular distance from cenire on direction of
initial motion of particle.
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[>xoH [JanbToH
(1776 — 1844)

3a CTO neT Ao aapa

3a 7 net po nekumn Pesepdopaa, 20 mas 1904 r.
MaHuecTepckoe punocodckoe obLECTBO OTMETUIO
100-neTHMX tOOUNEN aTOMHON TEOPUN: Er0
npe3naeHTomM B cBoe BpemMs Obin [koH [danbToH,
kKoTopbi B B 1808 r. nagan sHameHuTyio kHury «Hosas
cuctema xmmmyeckon omnococpun», roe Brnepsble
ObIfI0 YeTKO cOPMYSIMPOBAHO COOTBETCTBUE MEXAY
NOHATUAMU «KATOM» U KXUMUNYECKNN SNEMEHTY.

OH BBEJ1 HOBYH BENUYMHY - aTOMHbIU BEC — Y1CIO,
paBHOE OTHOLLEHUIO Maccbl aToMa Jitoboro anemeHTa
K Macce aToma Bogopoaa.



N, = 6,02214179(30)-1023 1/monb

[[pamm-aTom Nobdoro raza saHMMaeT OANHAKOBbLIN
o00BbeM

(1776 - 1856)

V. =22413,996(39) cm® npn 0°C un 1 atm.
Uncno Jlowmuara (1865 r.)

N, = 2,6867774(47)-10'° cm3



NMNocTtoaHHaa Papapesn:

F =96 485,3399(24) KyrnoHoB/Morsb

[Mpu anekTponuae Ha BblaeneHme 1 rpamm-aTtoma
noboro ogHoOBaNeHTHOro anemMeHTa Hago 3atpatuTb F
KYNOHOB 3N1IEKTPUYECTBA.

Mankn ®apagen
(1791 - 1867)




e = FIN, = 1,602176487(40)-10-19 Kyn

3epHnCTOE CTPOEHME ANEKTPUYECTBaA.

"epmaH ['enbmMmronbL
(1821 - 1894)




m, =9,10938215(45) 1028 =

= 0,510998910(13) MaB

. Ix. ToMcoH
(1856 -1940)




SpepHbIN noTeHUMan

- ME30H

e—mﬁr

V(r)~

XaHTapo Haraoka r
(1865 - 1950)

m_ ~ 280m,




1879, 1902

Netp Ne6enes Hukonaii Mopo3os Hukonan bekeTos
(1866 -1912) (1854 - 1946) (1826 - 1911)

TepmuH sapo — nucleus ucnonb3oBan yxe ®apagen B 1844 r. (B
CMbICne — ueHTp atoma) n beketoB B 1902 r. Ho yTBEpAUIICA OH TOSBKO
B 1920 r. (mo aToro 4Yacto ncnonb3osanu crnoso kernal)
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[Mpodeccop I'. INenna
«OIIEKTPNYECTBO»
Yy4yebHuk

. Menna: «...ATOM He g9BngeTcs HeaenMMon YacTUYKomn
mMaTepuun. icnyckaHue ceeTa, Aalowero cnekrpasbHble NIMHUN,
XapakTepHble 4S9 KaX4oro poga aToMoB, YKa3blBaeT YXKe Ha
pa3HOpPOAHOCTb aToMoB. MoXHO 6bIno 66l NPeanonoXnTb,

YTO aTOM COCTOMT U3 OYEHb DOSbLLIOIO YMcna KOpnycKyrl,
KOTOPbIE NPUTAMMBAIOTCS K KAKOMY-HMOYOb LEHTPY, KaK nraHeTbl
nputarmBatoTca K ConHuy...

UToObl aTOM ObINT HENTpParneH, Heo6XxoaAnMo, YTOOLI
NONOXUTENbHbLIN ANIEKTPUYECKUIN 3apsia, KOTOPbIW, Kak Mbl
NpPeAanosioXXnn, HaXoaAnTCs B LLEHTPE atoma, Obint paBeH Mo
abCONTHOMY 3HAYEHUIO CYMME OTpuLaTEeNbHbIX 3apsiAoB KOPNYCKYyI,
BpaLLaloLWmMXCa BOKPYT HErO...

CnoBowMm, BCe CBETOBbIE, ANIEKTPUYECKME, TEMNSIOBLIE N MEXAHUYECKNE
SIBIEHUS MOXXHO OO BbACHUTbL, AOMYCTUB CYLLECTBOBAHUE ABYX pPa3fiNyHbIX
MaTEePUIN: KOPMNYCKYIbl, NN OTPULATESNBHOIO 35IEKTPOHA, U
NONOXNUTENBbHOIO 3MEKTPOHA, O KOTOPOM HaM MOYTU HUYEro HE N3BECTHO.

LleHTpanbHbIM NONOXNTESbHLIN 3apsd aToMa COCTOUT U3
COBOKYIMHOCTU MNONOXUTESIbHbIX 3SIEKTPOHOB, YMCIO0 KOTOPbIX N3MEHAETCH
B 3aBMCMMOCTM OT poda aToMa, HO OCTaeTCs BMNOJSIHe onpeaeneHHbIM ans
Ka)xgoro poga aToOMOB...

JTnwHe 6bino 6bl JOKa3bIBaTb KpacoTy 9TOM Teopuun, KotTopasa gaeT
BO3MOXHOCTb OOBbSACHUTL BCE U3BECTHbLIE A0 CUX MOP SABMEHUSA U
NO3BOJIAET CBA3ATb CTONbKO ABMIEHUN N 3aKOHOB, HE MMEBLLMX, Ka3arnoch,
HU4ero odLero mexay cobom».



3apan Z agpa paBeH NopaakoBOMY HOMeEpPY arfeMeHTa
B lNepunoanyeckon Tabnuue O.N. MeHgeneesa.

BaH neH bpyk
(1870 — 1926)




Z+N
2 X

lyr 2y 4 226 235
H, 1D, ;He, " JRa, U,

®dpenepuk Cooau
(1877 — 1956)




Hunbc Bop K2 5
(1885 — 1962) y = ‘N




AHpun bekkepenb
(1852 - 1908)




AnbbepT ONHLWITENH
(1879 - 1955)




JHeprua ceBA3UN agpa

JHeprusa 3sesq

MNonb JlaHxeBeH
(1872 - 1946)

Ra > Rn+a+ AE

4p — “He + AE
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Yunneam XapKkuHc
(1873 — 1951)
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CBepXTOHKas CTPYKTypa CNEKTPOB U3NyYeHUs
aTOMOB.

CTpyKkTypa BpallaTenbHbIX CMEKTPOB MOMEKYIT.

Bonbdranr MNaynu
(1900 — 1958)

CnuH npoToHa



OBbl€ NMOHATUA.

Ayann3m BOJTHa-4acCTtuua,
* COOTHOLWeHue HeOﬂpeﬂ,eﬂeHHOCTeVI;
* CINWH;

BepHep NenseHbepr * CUMMETPUA U CTATUCTUKA,

1901 - 1976 * MPVHLMN CyneprosunLmu;

* BEPOATHOCTHaA MHTeprpeTauus;
KOH(pUrypaumMoHHOE NMpoCTPaHCTBO.
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"eoprun NamoB
(1904 — 1968)

3akoH ['enrepa-HetTtona (1909 r.)
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NMpoToH — 9apo atomMa Bogopoaa

OpHecT Pesepdopa
(1871 — 1937)




Peakuus:
Tr. (4 4
p+iLi—>,He+,He
(E=0,12 MaB) (E=17 MaB)

)KOH OKpO o B koTopou B unctom Bnge bbina nposepeHa

(1897 - 1967) dopmyrna OnHLWTENHA
OpHECT YONnToH
(1903 - 1995)

9pHecT Pe3epdon _ .,
(1871 — 1937) AE = Am-c




a+ Al P+n

L»30Sz+e + 7

N3nyyeHrne NO3UTPOHOB: O TOro 3HasNM TONbKO
n3nyyeHne o—4acTuu, -4yacTtumy, (35IEKTPOHOB) U

NpeH Xonno-Kropun
(1897 — 1956) Y-KBAHTOB.
®penepuk XKonno-Kropu
(1900 — 1958)




UsaBUK U3 aHanmaa aKkCcrepumeHToB boTe u
cynpyros XKonu-Kiopu yctaHoBUI, YTO OHU
Habnogann HOBYHO YacTuLy HEUTPOH B peakumn

a+,Be—">C+n

[>xenmc YaaBuk
(1891 — 1974)




1932 [MfpoTOHHO-HEUTPOHHaA Mmoaenb
" Anpa

HeWTpoH — anemeHTapHasa YacTtvua, a He
CBSI3aHHOE COCTOSAAHME NMPOTOHA U 3MEKTPOHA.

Anpo — cBA3aHHOE COCTOSAHME HYKITOHOB -

" OMuTpuin MBarerko NMPOTOHOB U HENTPOHOB.
(1904 — 1994)
BepHep enseHbepr
(1901 — 1978) WN3otonuyeckmii cnvi: T, = £ 1/2

A

IT1TOpe ManopaHa
(1906 — 1938)



[MpocTenwee cBsA3aHHOE COCTOSIHME NPOTOHA U
HEWTPOHa C 3Heprueun ceasn AE =2,2 MaB

Maponbg KOpu
(1893 — 1981)




n+Al—>Si+e” +7
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CDepMM N ero KoMmaHga rnoJjiydaninm Taknm cnocobom
47 HOBbIX PaanoakKTNBHbIX N30TOMNOB

n+U-—?7?

OHpuKo depmu
(1901 — 1954)
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n —+ 2325 U — ockonku + AE

AE = Am-c? = AE,-235 = (8,5-7,6)-235 ~ 200 MaB

OT110 OpULL
(1902 — 1980)




Anpo - 3apsaxeHHas, HeCXkMaeMas XXUOKOCTb.
Ero goopma 3aBucut ot gedpopmaumn.

dopmyna Banusekkepa

Hunec bop
(1885 — 1962)

E 0'14 ﬁA2/3 Z2A—l/3 —6‘(——Z)A_1 +ZA_3/4



Ha OCHOBE KanesfibHOW Modenu sapa.

[ToTeHumanbHbIN Bapbep AeneHus (aHanorus c
o-pacnanom)

Hunbc bop
1885-1962




S9Heprusa 13 saep aToMoB, pa3Mepbl KOTOPbIX
~ 1012 cm

......

~1 I sAepHOro BellecTBa TpaHcopmMmpyeTcs B
9HEepruto B3pbiBa



BonbdraHr Naynu
(1900 — 1958)

B 1914 r. [Ix. YagBuk obHapyxun, 4To B [3-pacnage
Ralk — RaF + e

9HEpPrunst ANeKTpoHa HEMOCTOSAHHA.

Bop ycoMmHunca B crnpaBeanmMBOCTU 3aKOHa

COXpPaHEeHUS SHEPTUM B MUKPOMUPE.

[Maynu Bo3pakan 1 NpeanonoxXur, YTo peakuus

nmeeT Bua.

210 pe+ (210 -
o3 Bi—> o, Po+e +v

B 1956 r. cxema pacnaga 6bina yctaHoBneHa

OKOH4YaTEJ1bHO.
210 e 210 = ~




OnNEeKTPOHbI, MO3UTPOHbLI, HENTPUHO He
cooepxxamcsi B aApe — OHUN pOXK0aromcsi B
npouecce pacnaga sapa.

37O — cneayowmiA War B Teopun, Kotopas He
MCnonb3yeT HarnsAHbIX 00pa3oB, Kak B -
pacnage.

OHpuKo depmu
(1901 — 1954)




234pg 79Br, 180MTa, 178Hf

OTTO0 NaH
(1879 — 1968)

Hayano saepHoun domn3nkm B Poccum




T,,(228U), = 14 mnpa. net
T,(3U),= 0,7 mnpa. net

T1/2(238U)cn0HT.p,en. ~ 106 Mnpa. net

['eopruin dnepos
(1913 — 1990)




B atome areKkTpoHbl rpynnmpyroTca B 0605104KN. [N
KYJIOHOBCKOIO rnoTeHuunana B o00osiovke n
nomeLaeTcsa 2n? anekTpoHOB. B ssiape NpoTOHbI 1
HENTPOHLI TaKXe rpynnupytoTcs B obonoykn. [Ing
OCLMINIATOPHOrO noTeHumana ¢ y4eTomMm CrHoOB
NPOTOHA U HENTPOHA pa3mMepbl X 060no4vek
(Marnyeckme ymcna) COOTBETCTBEHHO PaBHbI:

g n: 2, 8, 20, 28, 50, 82, 126, 184, 196
p: 2, 8, 20, 28, 50, 82, 114, 126

Mapus "'ennept-Mauep
(1 906 - 1972)

Hanpuwmep, g, Pb - ppaxnb marnueckoe sapo (aHanor

aToMOB bOnaropoHbIx rasos).



Cepren NonukaHoB
(1926 - 1994)

L
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W3omep

OcHoBHOR
COCTOAHUE AApa

MoTeHunanbHan JHEPrUA

Jedopmauna aapa

MAM — CnoHTaHHOe geneHue




[dy6bHa

53m 52

151 150
GLu— 2 Yb+ p

"Ne—L SV F* 50 + p

2X NpPOTOHHAasA PaAWOAKTUBHOCTb




X10r

Ra(C)Pb
2§§Ra —> 2;’29Pb+ lgC, Ra(a)Rn

208 208 20

~107°

235 211 24

235 207 28
U — o Hg + ;Mg

240 206 Wie
os PU—> "5  Hg+1,S1




Omutpun MeHgenees
(1834 - 1907)

ATOMHOe 94Pp0 N XUMus

[Tp MOHOTOHHOM YBENUYEHUM 3apsaa aapa
XUMUYECKME CBOMCTBA SrIEMEHTOB MEHS0TCSH
nepuoanyecku.

dusmyeckmne — Toxe 3aBUCAT OT XapakTepuUcTUK saapa:
opTo/napa BoAopoa, heppoMarHeTuamMm, CBEPXTOHKas
CTPYKTypa CNeKkTpoB U T.4.

AQ - mMeTann

15Cd - nerkonnaskun meTansi
ale - XUOKWUA MeTann

11oCN | - razoobpa3sHbii MeTans

['panunubl [epunoanyeckon cucTembl
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3apsa: Z-e

Pasmep: 10-13—- 1012 cm
Popwma: ?

NoTeHumnan

CummeTpus

MomeHT

J
~

Appo — vy, e, e*, n, p, a, C, Mg, Si...

> ®U3nyeckoe NPOCTPaAHCTBO

| KoHdmrypaumoHHoe npocTpaHCcTBO
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K coxxaneHuto, HUKTO N3 Hac He Y3HaeT, Kak oyaeT
BbIrMsaeTb 94po ewe Yyepes 100 ner.

C npasgHukom!




