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T h e  Sccctte10i)lyof the r~-Ycc?*ticlc~sby Matter. 

I3y H. GEIGEI:,Ph.1). 

(Comnru~~icatedl ~ yProf. E. Rnthorfortl, F.R.S. Received Fel~ruarp 1, 
Eead Febri1ary 17, 1910.) 

111 a preliminary liote (' Iloy. Soc. i'roc.,' A, vol. 81,p. 174, 1908) on tht. 
above sul?ject, esperililents were clesclibccl which gave direcl evidencc of the 
scatteriug of the a-particles." 111 tliose exl>erimcrits n strong source of 
a-radiation was plxcecl at  one end of ;L long exhaustccl tube, a ~ i d  tile 
a-particles, nfler passing through n narrow slit, fell lip or^ a zinc sulphide 
bereen sealed to lhe otller end of tlle tube. TJTheii the pressuie inside tlitl 
tube was very low, the rinrrow line of srintillations wliicll nlarkecl the 
place of illeidc~ice of the a-1)articles olr the scl.een was well definetl, but 
wlien the rays on their nay  to the scseeii passed through gas or througl~ 
thin metal foils the cdges of this line of scintillalions hec~nle  iizdistincl. 
The arnouist oC scattering collld he estimatetl for clifferent foils by placing 
then1 in the pall1 of the rays ai~cl stotirig the distributiosr of the hcintillations 
011 the screen. 

Tlre present investigatioit \ \as  ~uidc.l.takell wit11 a view to obtain a 

clilaittitative ineasureiilent of thc scattelii~g determining thc most 
1)rol)able dilgle throaglt ~vliieli ;LII a-particle of ilefinite range is tnlnecl by 
pasing througll a given Lhicli~iess of m:rtter. The follo~ving are tlie chief 
l ~ o i ~ l t sin^-estigatecl :-

(1) 	 I3etcriliinatiou oi' the anlount of scat ter i~~gprotlncetl in tlitferer~l 
thicknesses of tlie saiiie material. 

(2) 	C~oniparisoli of tlle a~iiouilti of scattenag prorlncetl in dif~clrelit 
niatcrials. 

(3) 	Relatioil betvecn the velocity of the cc-11:lrtioles ant1 tlle a~noustt of 
their scattering. 

Since tlie alilount by wliich tlie a-palticles ayc scatteretl is coinparativclp 
small, accu13ate measureinents eoulcl orily be obtained i r t  the way outlined 
above by the use of :L \-my narrow beam of a-particles. I n  co~lsequellce i t  
was uccessary to employ ;t ver? slilall ancl illteltse sour(,?. 111the earlier 
esperinlents the radiating source consibtecl of a short glass tube drawn down 

* The phenomcl~oll of the scatteling of the a-particles $5-nsfirst obwrved by Eutherfor d 
'Phil. Mag., YO]. 11, p. 143, 1006), ant1 tl~scussecl I<l tp r  by Icncera allti Mmelt, by 
ITT.  H. B ~ a p g ,I,. Neitner, nlld 1s. M e )  el.. 



conically at one end aucl closed tightly a t  tlie other encl by a very thin sheet 
of mica. The tube was filled with raclium emallatiolt nncl the a-particles 
expelled from i t  and its active clel?osit, could easily pnss through the mica 
\\indow. Although this source fulfillet3 the conditiotis of being intense ancl 
narrow, it was not suitable for cluailtitative measureiiients, as its 1,adiation 
as not hoinogeueous, firstly, on account of tlie cliffercnt a-ray products 

present, and, seconclly, owing to tlie absorption by the g:~s iriside the tube. 
For these reasons the radiating source was rnodifetl ill a \vnp \i-hit:h will i ) c  

untierstood from fig. 1. The conical glass tube A (of less than 2 mill. 

Fig. I .  

dinllleter a t  its ~ c i t l e ~  :I,glass tube, ofelid) uas sealecl by its narrow erid to  
\e ly  fine bore, lead~ng to the bulb B. il. quantity of radi~uli einanatio~r 
corresponding to BaUr2, wlricli hat1 b t~e~ t  about 50 millig~aniu~rs yartial1~-
l)ur~hrd by the iriethoiis deb eloped by I'rof'. Iir~t,lterfor~ l (' I'lli I. Jfag.,' vol. 16, 
1).300, 19081, 15-3s iatrotlucetl into the eslraustecl bull) I :  througli lire stop-
cock I<. The whole einallation was thexi cornpressed into the collrc:~l tulle 
1)y meails of mercury. I)uring this process the pressluc increased, usna?l\- 
beconlrng nearly atmospheric. After three hours the active tleposit formell 
from the emaiit~tioll on the \1:~11s of the conical tube hat1 reaclietl nearly ~ t s  

~nuxinlunl valne. At this stage the eillanatioil was exl~a~ictetlag,tin illto tile 

hnlb U. 
On account of the volunle of the bulb I: being about 200 times that of tlir 

coilical tulle, the pressure on exl~anding decreased to less tlran 4 niin., and the 
aillouilc of a-~,acliation from tlie emanation remaining in A mas negligil)l~ 
conipared with that from the active tleposit present oil the wa116. 

Fifteen millutes alter the expansion of tlie c:rnarii~tion, the first prodoct of' 
the active deposit, viz., Ratiium A, had tlecayed to an inappreciable ~ a l n o ,  anib 



the whole a-ratlistion passing throng11 the window wa;; homogeneous, 
consisting olily of the a-particles evpelletl from 1:adiuili ('. This racliatio~l 
decays to half its ~alcle  irr about one liour, l ~ u t  since tlie law of deca!- is 
acuaiately k n o \ ~  11, corrections corrlcl easily he applietl for iiieasurcnient~ talien 
a t  differeilt times after expansion. 

,4 sillall fraction of the sc-particles enlittccl f ion~  tlie souicc A passed thiougli 
tlie l l a i r o ~ ~  acircular o1)ening 1)(of less tlla11 11iln1. diameter), ancl 1~roclncctl 
luiiiinons s1)ot of scintillations on tlie /iili, sull~hiile scrccil S. 'I'he scattering 
foils coulrl 1x1 blought into the path of tlle ra\  s, (lither , ~ tE a t  a (listance of 
1:: cm. Cron~ tlie sciecn, ol a t  D tliiecLlj in trolit of the tlial>llragnl. Foils of 
Illqher scatteling po~vcr could 1)c intioc!nred t h r o ~ ~ g l ltlie j o ~ n t  P and fivrtl ill 
po"tiol1 011 thi> slicle II nt an: point ncai to the scleel~. 

Thc sciiitillt~tio~iswere c o ~ ~ ~ l t e t l  by means of a suitable inic~~oscope, nliich 
conid he moved vertically ljy inrlan, ot :i screw ,~loiig a nlil l imet~e scale [ittecl 
\\it11 a velnier. 'I'hc field \ ihihlc thrnngh tl~c.irncroscope had a tli:~nieter of 

1 1 Irinl. 

f l e f l  I u/ //ti iiirisf 2 ~ ~ o i ~ ~ i h J 1  I / / '  ~S(i~itci-illy.l~~i i ic~l iui~ ,li,ylc 

L3rovitlcd that tlirl tube tllrough \chit 11 tlie 2-l~articlcs tiad to pas, n a i  

cou1l)letcly rxllaustctl, i!~c sliot of sci~~tilldtioils liroclucetl i)pthe impact of the 
2-particles OII tli? screen llacl a clia~iletcr of 1.2 111111., and \\as clearly visible 
t3\~enI\ it11 the uriaidccl eye, tYhp11 CL sllthci oi inetal, ec1ui.i alelit in st5lipillg 
lio\ter to a fc\v nzillimctios of air, \ \as iilaccd ill tlic path of tlic raysat a point 
close to the scir,ell, the liiigl~t~lcss of Ill(. \pot of sciiltillationi rcri~ained 
lractically u~iclirnini~l~c~d. tlle sariic hl~cet \J as lllaced at a greater Rut \\ 11('11 
distance horn the screen, say < ~ t1) (tlg. I), Ilie bright spot disapl)earetl 
completely, the scilitillatio~~s eyer a in~ich greater nrrn t h < ~ n  bcil~n tlistril?r~ti~ci 
Fornlt3rly 

A microscoliic~ es~uiiination oi' the I V I C ~ P I I~ 1 i 0 \ \etl that tlie tlellsity of 
scintillations n a s  still greatest in the ccntle, l ~ u t  tlec~easecl steadily \\it11 
increasing clisttince fro111 the cc~itre.  13y eo~lnilrig thr  ~ lnn l l~er  oi scintillations 
a t  difreicnt c i i ~ t ~ ~ l ~ c e s  froin the ceiitre, the uiost probal~le :~ngle tlliongh nliicll 
an  a-particle is tunletl l)y pass~rig througlr t l ~ c  sralteri~lg 111~~terial ciiuld l ~ e  
ileteraliriecl as follovl s :-

1)enotilig the d~stancc~ of the soatteril~g i o ~ l  to ~ l i e  sci.eeil by 7, the angle 
through ~ ~ ~ l l i c l ~  t l ~ r  I ,  fionl t l ~ e  a-l~aiticles observetl a t  a d i s t a r ~ ~ e  ceritie have 
Lieen turned is :il~lnosin~ately The \thole nnml~el of tnnledi > / s .  a-l)arti~les 
through this angle / * /s  is t l ~ e n  repit~sentccl by 2~,.1iclr,\vlicllc 12 is the destsity 
of the a-particles strilring the scleeii ,it the distance I Eroin the centre. I1 
we plot the nnlllbol of particles 2 ~ 1 - 7 ~ c l ~  the angle r / c  agair~rtlullled t l uo~~gh  



that angle, \re ohtail1 a cuiLre nllich giles the probal,ility of thc c~ccllrrencc of 
any sca t te i i~~gangle r / s .  This curce is, in many lcsliects, ,similar to 
Maxicell's distril~ntiou curve of the velocilies o i  thc %as molecules. I t s  
niaxi~nmu coriespoiicls to the rizost probable angle thlongh ~vl!ich a11 a - l ~ ~ ~ ~ t i c l e  
is tnnrecl by liassi~ig throug11 the scattering foil. 

111 oldel to cleterniille experimentally the most 11roLal)le augle of scatterillg 
iu this way, i t  is ilecessaiy that the dista~lce 7 at wlllch the scintillations 
l~ioducedI ~J the a-lprticles ale coulited shonld be large cornpalet1 with the 
field of t l ~ e  microscope, and large also comparecl \\.it11 the area covered by the 
sci~itillatiolls ~vllen no scattering foil is i l i tc~ l~oictl. 'l'hese conditiolls conlcl 
not be fully realised in the expelimental arraligernelit. 

Tliis TIas lllaillly C~I ICto the fact tliat orr ac count of the li~nitecl iilterisity of 
the soulee the clistance of the scattering foil Erurrl tlie sclecn hat1 to he 
,tcljusted so tliat the greater palt  of tlie hci~itillatioiir should be confineti 
within an artJ& of 3 to 4 nim. cliameter. If the distance \\-as iilcleasecl further, 
although tlie ;~11101111t of scatteli~lg ~ ~ o u l d  appeal greatei on tlie screen, yet tlle 
scintillatio~ls \vonltl be spread oot too lnrich for leliable conatings to be macle. 
I n  rnoit of the euperirneats o1)servatiolis could only be taken up to a distance 
of about 3 to 7 111111. fro111 tlie celitle. I t  would Ije dilticnlt to assign a definite 
valuc for the coirectioli n lllch had to lte apljlit:rl, but the nlagnitude of the 
probable elror could easily be cstimatecl Iny comparing separate deterlllinations 
of the inost probal?le angle of scattering foi tlie snme Coil placed at cliffe~cnt 
.tl~staucesfrom tlle scleen. 

Several cornpa1:ttive nleasurements of this kind IT-ere ~ir,tde ,111d their 
agreement s11owec.l that the error was negligible. Fol instance, tlie distribution 
of the scintillatiolls over the scree11 was cleteni~inecl, filqtly, nhen a piece of 
tinfoil was l3laccd at a clista~ice of 6.4 cln. from the sc~eel l :  secondly, when 
the same foil was plaeecl at a distalice of 2.72 cal. 'L'lic two curves sliowecl a 
maxi~num at 3.1 and 1.4 mn1. fiom the ce11l~re res l~cc t~ \  el>-, \\hiell corresponcl 
to lilost probable angles of scattering of 2".8 and 3" 

I n  describing the procc~duie of an experimei~t ~t \\ ill be of aclvantage to 
take a special case. I n  one experiment, for inst~inee, :l2 gold i'oils, wliich wele 
ecyuivalent in stopping power to 3.65 cnz. of all.. \ \el? p1,tced a t  a distance of 
1.64 em. from tlle screen. After introducii~g the foils the n hole apparatus 
was exhausted by rilealls of i L  Fleuss pump aircl fi1lic1l-j 1)y cl~aicoai clipping in 
liquid air. i\leanwhile the emanatioll, \T hich hacl i~ccu lcept cornpressed in the 
tube A for sufficient time for the active deposit t o  leach the ec~uilibrirun value, 
was expanded into the bulb ):. IJsually I S  inlnutes after expansion the 
co~uiting of sci~ltillatioris .was entered upon. 111 thi.: special case, ho \~  ever, 
measurements could be started a t  oncc, siuce tlic l l ~ i ~ r t  t l ~ c  t1111e drindo ow of 



496 Dr. K. Chigel.. [Fab. I ,  

and the gold foil5 \wr(. snfficient to stop all the a-particle, emitted fro111 
Ratliuin -4. 

, is  a rule tile 11u1n1)~r of scintillations at points falthest a n a p  froill the 
centre \%as tieteriuinetl first, ~ J Iorder to lake a.clvalltagc of the high initial 
intensity of the Z-ray ~i~tliation. The counting expel-iments were continueti 
for about 70 1ni1lntc.s. d f t t ~tllat time the activity of the sonrce becarnc: too 
sinall to allow reli;tl)l(~ mc~asurelnt~ntrt o  Isr ~u:~clc). The eelanation was t11c.11 
again cc~nipresst~il to pc.rniit ~ n o t h c r  s ~ t  of ri.adings to be taken aftrr  three 
hours' interval. 'I'l-ii. llllilll'l'i~~1results obtai~tecl for 35 gold foils are given in 

Ohbcl~seti. Corrected for  tlec.ay. 
I 

\Tholv ri~umi)r?of sc.iurillatiol~scounted ill this expcrinient - 808. 

Column I s h o ~ ~ stlic tlistwlce i'lo~n tlie ce~l t rca t  w11ich sciiltillations mere 
counted. The nu~l l l~erof scilltillatiolls oL5ervetl per nlinute are entered 
in S'olullln 3, an(1 tllose corlecletl for decay in C>oluilin 4. The calculated 
valncs ( i f  27ri I L  (Coluiri~l2 )  a i r  1)lott~tl  in fig. 2 :~gaill\t tliv tlietall~v kroin the 
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centre. Tile maxiillurn of the curve, which occurs a t  2 ni~il ,froni the centre, 
corresponds to the lrlost probable deflection. Since the distancc from 
scattering foil to screen was 1.64 crn., tlie most probable angle llirougl~ which 
the sc-particles wele turned in  passing through the 35 gold foils was nearly '7'. 

The average angle througlz which an u-particlr is tur~lecl will be some-
what greater than the most probal)le angle. I n  the Following, reference is 
always made to the most probable angle, tlie tlett.lmiudtion of which can be 
obtained with greater accuracy than tlint of the average angle, wliicl~ 
involves a determination of tlie area of the clurve. Since, however, the 
distribution curves found for different metals and aryirig thiclinesses were 
similar in shape, i t  appears probahle that the ratio hetween the a~wage ant1 
n ~ o s tprobable angle is the same in all cases. 

TALC by ~/<f)kt+erzt7%icX.)~e.;ci t h r  s r i r r~c.!kte?.ic(l.~Skc~tte~i7yp,.oc1uce1Z s of 

As in the experiment described above, the inost probahle angle through 
which the a-particles were turned was lileasuretl for tlifferent thicknesses of 
gold. Colcl appeared to he the most suitable substance for such comparative 
measurements, since i t  can he ok~tainecl in very tllin and nniforln foils, and in 
adtiition its scattering power is higher than that of any other material 
available. Two different types of gold h i1  wele used : the thinner foil 
correspoiiclecl to 0.038 cm. of air, the thicker foil to 0.1 08 em. 

Soxrle of the probability curves are plottecl in fig. :3 after reducing the111 
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Dr. H. Geiger. 

to sucli a wale that tileit :areah were equal. Il'llls redrtction was tlecehs:Lry, 
;IS the total intensity of the racliatior~ \vits not the same in diffe~eut 
expeliments. 

In the followiug Table, Colunin 3 gives the clistances frorn the screen at 
~rh ich  the foils were placetl, and Colluiln 4 gives the corresponding dista11c.e 
fl-orn tlie centre of the mctxinl~ui~ disfri1)ntion cnrve. in tlic Frolli t1ic.s~ 
figures the rriost probahlc angle of scattering ii calculated ancl given i l l  

( 'oi1un1i-15. Tllr: cnrve 11-hic1i oonr~ecls the probable arlgle of scattering wit11 
the thickness of gold tlirouyh nhicli the a-particles l ~ t l  to pass is shown i l l  

fig 4. Tlie ~ a l u e s  obtainetl for the tliiri type of gold foils a le  cierloted I)g 
circles, those1 for the thicli type kg (lots. Tlle thick gold foils were not so 
,miform , t i  the tllin ones, this probably being the reason that the poi~its 
obt:~,ineti for thicB polcl foilh f d l  slightly llighrr than the corresponding ones 

fol t ~ h ~t l~ in  foilq. 

rL':3131c 11. 
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3fort probable ; I o s t  j~labrhlu  : 
I expressecliu i foil fro],, sc%att;eri~~g '/ goid foils. 1 ~ I I I .  of ail*. screeli. /1 dullection. , ' angle. i 

I 

1t,llin gold foil 1 

2 t11i11gold foil< 
4 ., .> ~ 
8 > ,, 

12 ,,3,  

20 ,, .> 
30 . :: I41  :. :: 

5fi .. , I 

60 ,, ,,

1 5  thick golil foil8 
ao ,, >. i,
25 ,, ,, I 

25 , ,, 

I 


30 .. .. 
35 >, ., 

i 

The cur\(. (fig. 4) exteacls over a wide lange, thr  last point of the cmve 
co~-respol~clingto a tl~ickrless of gold nearly 100 tiilles as great as that of tlie 
first. IVith the esceptlou of the illitla1 portion, where the scattering 
increases somowhat more lapidly, tlie cuivc appears to a firat appiosirilatio~~ 
to be a s t~a ight  Ime. Lmter experimenti sllowed that sii~lllarlaw holds 
for other metals. 

The result.: ol~tainetl above for differenl thiclrnesses of rriattel need a few 
lv\.ords of tliscuchio~t. Let us asstline that a11 r-particle in passiiig throlu~h 



each atoll1 is ~leflected from its pat11 throng12 a small constant angle LO. Sirlee 
the angle of tleflection rli:ty have any orielitation, the resulting clefleetion of 
such an a-particle after passing i hrougll . IL atonis may 11as.e any value hetwecrr 
zero and ir x tr3.  Kow, if a great 1mnl1,er of a-particles mere allowed to pass 
through 11 atoltls ant1 the ~~esul t ing angle measuretl for each of tlrem, there 
woulcl bo olie value mhiell is more likely to occur than any other. 

111his 'Theory of Sound ' (8ec.ond Eclition, p. 39, 1894), Lord llayleigl~ 
treats a related problem, ~lniilely the coinpositioll of unit veeto~,.; whose 
clirections are accidental, Applying the deductions given there to our case, 
i t  would follow that the illost probable deflection varies :is the squal-a ~ o o t  of 
the number of atoms tl-aversect. I n  other words, the most l)robnblc angle of 

scattering ought to inorease a t  :t. rate proliortio~lal to  tlie sqnarc root of t i l t>  

thickness of matter traversed. 
d close examination of ~111~11the currc (fig. 4) sho\vs that f ~ r  t I i i~l i l~ei ,~eb 

of gold (up to ail equivalent thickllesi of about 5 111111.of a i ~ )tile scatlering 
increases approximately a t  that rate, h u t  for greater tliicknessrs the inc~,eair 

beconles practically proportional to the thicklless itself. 'Phis cyuicli increase 
can be explained as clue to arr increase of tlie scatte~ing angle ( I - ,  on accon~rt 
of the dec i~ase  of velocity of tile U-particle in passing through successi\-c 
atoms. As will be s h o r ~ n  later. the angle is, to a tirst al~prosinlatioli. t i :  

inversely proportioilal t o  she third power of the veloci t~,  
The rilost probable angle through which all a-particle will be turned by 



500 Dr. IT. Geiger.. [Feb. I ,  

1i<ming tlilougl~ a l a y c ~  of qolil ecjl~ivalent to 1 cni. of ail is S O . 1 .  This angle, 
xvhich p v e s  us a direct conception ot the sctttti.~il~g power, 111ay be denntetl 
as the ccattering coeflicient. I t  is to be espectetl that tliis coeficient mill 
1 ~ ~ 1 ywit11 tiifferelit in~iterials, ant1 nil1 also clrpd~icl 1111 the velocity of the 
%-palticlei. Expelin~ents in this tlirectio~l 1~111 l3e clcsclibeil ill tlie t n o  
Collo.rcinq sections of tlrii yapel. 

I{? an extrapolntion from our c111vc (fig. 1-1, we are enailled to i o r n ~  ,111 
tstimate of the inost piobablc angle tllrough mliicli an U-particlc is tuxneci hy 
tile enconnter n ith a siiiqlr :ttonl. l ' i~ l t~ngthe tliarneter of all atoll1 ,ts 

2 x c ~ ~ i . ,  atoiils througll ~\.llic21 tlie nlunber of i t  will 1)arr in penetrating 
olle golil foil of 8% x 10  cin. act,ilnl lliicl\nes> will hc a l~ont160. If we 
aiwliie i,hat the squale loot ian. 11olds ,lct,urately for ~ i ~ l a l l  n ethicl;nesses, 
find by e s t ~apobtioli t h ~ t  the most 1ilobiible angle th~ouyh  u~hic11the a-particle 
15 t ~ ~ r n e d  passing thlough 1 atom of gold ii of the order of 1/200 otin 
:L tlegree This angle may lie denotctl ns 111e ~rtoiiiic scattelinq coefficient 
i,f gold. 

It i5 also of iiltere5t to lefei helc to csperirncuts lliarle 1)) E. X a ~ s d e n  ancl 
~uyhell (see ' lloy. Soc. I'roc.,' A, vol. 82,p. 493, 1!)09) 011 the tliffuse retlectio~l 
of tlie a-particles. It, was fomltl thai solne of the a-paitlcles falling npon 
,I, ~lietal  pl,tte appear to Ire lefleetetl i.6, tlley a:.? scatteretl to sncli an extelii 
t11:lt they eluelge agaiu on the side of iucidence. It was slion 11 that fi-orii gold 
I in about 8000 of ille illcidellt z-palticles suffers reflectio~l, and that this 
rcjlectiol~ t'tlres place witl-iin a relatively t l l i~i stlrface bye l  erjuivalel~t to 
:al,ollt 5 1n111, of air. Jlccording to the curve (ti?. 1), ihc l~rohable augle 
t h ~ o u q l ~  t~unecl in passing throuqh this e q ~ i v ~ ~ l e n t  \chic11 the a-palticles i l l e  

tl~icl,~ressof golcl is olrly about lo,and a, si~nple calculation, assunling the 
tirclinalv p r~h~lb l l i ty  law, shows that the piol~ai~ili ty of an a-particle being 
sc*atteied through all angle exceecling 90' is extreiizely small, ant1 of a different 
older fiolil Illat which the reflection experi~rieilt suggests. 

r t  does not appear profitable wlliclint liresent to discuss the assr~~iiption 
1111g111 be rilade to account for this difference. 

It  ;ippeared of in~terest to exteiid the measurerueats to otlier nzetalh in 
oi~lei  to rnabe a coii~parison of their relative sc:itteriag powers. Siuce thin 
and unifornl slieets coulii only be obtained for* golrl, tin, silver, coppei, and 
,~luminiru~l,the experinlenth were co~ifilietl to these rne~nl9. Wltli tlie 
cs~ep t ion  of tin, which was only a~ldildble iu one tl~icliness, eq11iv:tlent to 
2.1 2 cni. of air, n~e,rsmcii~ei~tswere clilrried out for seveiul thiclciiesses of each 
~iletal. Tllc no st ploliable a n ~ l e s  of scattering obtained for different ~lletals 



The rnost probable angle through which an &.particle is tunied in passing 
through n layer equivalent to 1 eni. of air 11as been defined above as the 
scattering coefficient for the material considered. These coefficients, talren 
from the curves (fig. 5), are entered in Column 3 of the followiiig table. Their 
ratios to the synare root of the atomic weight are approximately constant (see 
Coluinn 4). 

Eeniernbering that the coefficients refer to ey~~iualentthicknesses of the 
scattering metals, this result niay be stated somewhat more clearly fronz the 
following consideration. The experiments of Bragg and lcleeman (' Phil. 
Mag ,' vol. 10, p. 318, 1905) have shown that the stopping power of an atom 
of atomic weight A is proportional to z / A  Consequently the numbers of 
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I 

Iteletlve atomic Scattoring iltomic Scattering scattermgmaterial. we~ght,8. coefficient.* h', Ii *''. coefficient.+ KO.
I 

I 

Gold ......... ...... 197 1 2.1 

Tin .................. 119 1 . 5  

S i l~e r............... 108 1.5 

Copper ............ 64 ' 1.l 

Blumilliu~n ......: 27 0 . 6  


I 

" The scattering coefficient is me:~sured by t l ~ cmost probable angle tl~rough \rhich an 
a-pni*ticle is turned in passing through a thichneqi of the metal equivalent to 1cm. of air. 

t. Atomic reattoring coetIicient denote8 the nlost probable angle throngh whicll an a-pbi*ticle ia 
turned in 1,asslng th~ougli  1utoin of the ~nr ta l .  

;ttorns ~vhich are contained ir: ecluivalelzt ihickllesses of clitfereilt 1net;tls arc 
inversely proportional to ,/A. dppro~iul:tte values for the relative atoniic 
~cnttering coeflicients are therefore obtained by inultiplying the figures in 
Coltunln 3 by the squarr loot of the atomic weight of the inetal to wliicll they 
refer. These coefficieilts are enteiecl in Coltllnn 5, the coefficient for gold 
being taken as unity. It follows that they ill be approximately proportio~lal 
to the atomic weight itself. 

We nlay therefore conclude that the most probable angle tliiougli whicll 
an  U-particle is tunlecl when ptissiag tllrough an atorn is proportional to its 
atomic weight. 

V L ~ ' I . L I I ~ ~ O , Lqf f l ~ t,SLatfcl'iily Cbr$caierlf ~ o i t / tLhe V e l o r i f ! ~of the u-Pa~licl(,s. 

All the previous esperin~eiits were illade with homogeneous a-rays of one 
definite velocity. 111 the following set of esperinlents the velocity of the 
cc-particle was varied as mtlch as possible, while ill each experinlent the same 
thin gold foil served to scatter the a-particles. 

The velocity of the a-particles was diilliiiishecl by interposing in their path 
sheets of mica or alulninilrnl of Bnowii stopl)ing power. These sheets were 
placed directly in front of the nlic>;r, ~vintlo\v of the radiating source. The 

distribution curves ol' the scilltillntiolls 011 the scree11 were then cleterniined 
i n  the smne way as before. 

In the following table, Colunin 2 gives the range which the a-paiticles 
still possessed after passing througlx the absorbirlg screen, and Colunln their 

corresponcling velocities expressed in t e ~ ~ m s  the theof initial velocity of 
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a-particles from Radium (1. The observed probable angles of scattering 

which are seen in  Columll 4 give the relative scattering coefficients for 
different speeds of the a-particle. The curve (fig. 6) shows the rapid increase 
of the scattering coefiicient with the decreasing velocity of the tc-pasticle. 

Table IT. 
.--..--.. ..............-........... 


I j1.. i 2. 3. 4. 
1 I .......................................... 
...... 

1 Sheets interposed in I 
addition to mice window. 1 

i ! 

(Ilicn winaom alone) . . . . ../ 
.........1
Sheet of a l u ~ ~ ~ i n i u m  

,, mic'a.. ........ . . . . . . . . I  
,, alurniuium ......... 
,, rnlca,..................I,, ,) ..................1 


,, alumi~~inm.........! 


i 

Veloaity, 

I 

scattering
coefficient, 

li. 
, K x V .  

cm. 
5 '60 
4'00 
3-40 
2 21 
2 21 
1a20 
0 '81) 

' / 
t 

0 9 2  
0 '82 
0.78 
0 '67 
0 . 6 7  
0.55 
0'48 

Velocity. 

Although the accuracy of the coefficients obtained for low velocity suffered 
from the difficulties in counting scintillations under such conditions, it may 
be of interest to state that the coefficient appears to be inversely proportional 

2 x 2  



to the third polrcr of the I-elocitx. This is demonstrated by the ratios 
tabulated in Colunln 3. 

This rapid increase of the scattering c*oefficient IT-it11 decreasing \e loci l~ 
suggests that scattering plays an i~nportant pait i l l  the ap11arent stopl-~:*ge ot 

the a-particles a t  the end of tlieir ranse. 

lle\u/th. 

I n  all the Coregoing esl~erirrrcnts t l l ~  bcat,teriiig w ~ s  nie;lsured 11)- the ~ ~ i o s t  
probable angle througli ~vhich an u-pn~iicle nas  tunlet1 in i~nsi i~ig tilrongli 
the scattering foil under investigation. 

(1) Tlie most p~obable angle of s c a t ~ e i i n ~increases tor small tliiclaiessei 
npprosialately proportional to the square root of the tliickness of mat,tel. 
traversed by tlie CL-particle. For olratcr t1lic:krlesbes the icatteiinq angltb 
ii~ereases iliorcx rapidly. 

(2) The ])robable angle tlirougll w l~ i c l~  : ~ na-pa~bticle is turnetl in pa>s iu~  
through an atom is proportional to its atomic weight. The actual value of 

this angle in the case of gold is about 1/200 of a tlegree. 
(3) The most probable angle of scattering irlcteases ~apitlly 11-ith clecreasing 

\-elocity of the a-particle, being, to first al)yroxiinati~l~, a inrrcl.sely prropor- 
tional to the thirrl power of the velocity. 

In  conclrision, I desire to express 1117 tl.~nul<s tc~ Prof. Rutllerforil for his 
kincl iilterest in this researcl~. 


