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XX. The Retardation of a .Particles by Metals. By  
E. MAaSDE~, M.Sc., Lecturer in _Physics, and H. 
RICnARDSOS, B.Sc., Universit~] of Manchester * 

O NE of the most characteristic properties of the a par- 
ticles is the existence of a definite range or distance 

through which they can travel in air or other material. 
This range differs for at particles from different radio- 
active products, but is characteristic of the product. Bragg 
and others have shown that in the case of a particles from a 
single product the length of the range depends not only on 
the density of the material penetrated but also on its 
chemical nature. Thus, if different gases be taken and 
adjusted by temperature or pressure until they are of the 
same density, it is found that they absorb a particles 
by different amounts, the absorption being apparently a 
function of the atomic weights only. Further, Bragg has 
shown that if a thin sheet of metal foil is interposed in 
the path of a homogeneous pencil of a particles in air, 
the range of each a particle is approximately reduced by 
the same amount, depending on the thickness and material 
of the foil interposed. In other words, the individual 
a particles are not stopped by the foil but have their 
velocities reduced by the same amount. In this way Bragg 
has determined the amounts of various substances necessary 
to cut down the range of a particles by one centimetre in air, 
and has noticed that the weights per unit area necessary for 
different materials are approximately proportional to the 
square roots of the atomic weights. 

It  was observed, however, that in the case of a particles 
from Ra C, for example, the air-equivalent of a me~al foil, 
or the amount by which the foil cuts down the range in air 
at atmospheric pressure, is not quite the same when the foil 
is placed directly over the Ra C as when it is placed a few 
centimetres from the source i-. Taylor :~ has investigated 
this question more fully, and has shown that for layers of 
material of atomic weight greater than the average atomic 
weight of air, the air-equivalent desereases with decreasing 
velocity, or range, of the entering a particles, while in the 
case of hydrogen, whose atomic weight is less than that of 
air, the air-equivalent increases with decreasing velocity. 

�9 Communicated by Prof. E. Rutherford, F.R.S. 
+. Bragg, Phil. Ma~'. vol. xiii. p. 511 (1907). 
$ Taylor, Amer. Journ. Sci. re1. xxvii p. 857 (1909); Phi[. Mag. 

vol. xviii, p. 604 (1909). 
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Retardation el ~ Particles by Metals. 185 

The results also showed that the rates at  which the air- 
equivalents varied with the Tvelocity of the a particles were 
functions of the atomic ~e ight - - the  rate of variation for 
gold, for example, being greater than the variation for 
aluminium. 

The method employed in these experiments consisted 
in the observation of the ionization current between two 
parallel sheets of gauze placed normal to a pencil of 
a particles and near the end of the range. I t  is known 
that the ionization changes rapidly with distance near the 
end of the range ; and the alteration in air-equivalent of a 
foil when i~ was moved between the source and the ioniza- 
tion-chamber was dedlmed from the change in the ionization 
current. In these experiments, however, the amount by 
which the foil could be moved between the source and the  
end of the range was limited by mechanical difficulties, and 
the measurements were not made at the beginning or end of 
the range. In particular, they were not extended to cases 
where the range of the particles left after traversing the foil 
under investigation was greater than about 9 ram. More- 
over, it is known that the velocity of an a particle falls 
very rapidly in the last centimetre of range, so that obser- 
vations m this portion are important. Further,  the 
ionization method of measuring ranges is somewhat affected 
by the scattering of a particles, which becomes very pro- 
nounced for low velocities. 

I t  seemed to us, therefore, that the scintillation method, 
by which the individual a particles themselves are observed, 
is in some respects more direct for such measurements. 
Further, the scintillation method is often more convenient 
for determining the air-equivalents of metal foils, and it 
seemed of value to determine absolutely the connexion 
between mass per unit area and air-equivalent for differen~ 
foils and different velocities of a particles. 

The apparatus used is shown in fig. 1. I t  consisted 
essentially of a travelling microscope M, with a zinc- 
sulphide screen Z, attached rigidly to the objective, so 
as to be in focus. As source of a particles a conical 
tube A containing about 1 mil]icurie of radium emanation 
was used. The end of the tube was closed air-tight by 
a thin mica window fused on to the tube by AgC1. The 
air.equivalent of the mica was about "8 cm., so that a 
pencil of the Ra C a particles emerging from the tube had 
a range of about 6"3 cm. A metal foil F, whose air- 
equivalent was under investigation, could be placed on a 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
Sa

nt
a 

B
ar

ba
ra

] 
at

 1
1:

08
 2

0 
Ju

ne
 2

01
6 



186 Messrs. E. Marsden and H. Richardson on the 

platform P and adjusted to any required distance from the 
zinc-sulphide screen Z by means of a ratchet-screw, St. 

Eg. 1. 

g---% _ 
~ 

~. IS~ 

~- z - -  

J . L ~ , .  i 

--f) A I~ ~ - - - - - ~ ,  �9 

I 

The experiments were carried out in a dark room. The 
microscope, along with the zinc-sulphide screen, was raised 
until the screen was just outside the range of the a particles, 
this adjustment being made by observation of the scintilla- 
tions. Only the a particles given off from the RaG deposited 
on the inner surface of the mica were used in this adjustment, 
as they have the longest range. Owing to their large number 
and homogeneity, however, the adjustment could be made 
rapidly and accurately and the position afterwards read on 
the vernier and scale, V. After the readings correspondin~ 
to several adjustments had been taken, the metal toil was 
placed in position and the end of the range again determined. 
' lhe difference between the readings then gave the air- 
equivalent of the foil in the particular position. The 
position of the foil was then altered and recorded on the 
scale K, and the adjustment to the end of the range 
repeated. In Lthis way a series of. values of the air- 
equivalent was obtained for different positions of the foil. 
To obtain an average value in any position, the foil was 
moved in a horizontal plane and readings taken for different 
positions. 

The following table gives an example of a set of 
readings;~ 
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Retardation of a Particles by Metals. 187 

TABLE L--Gold No. 5. 
Weight per unit area='002186 grin. per sq. cm. 

1)ressure 774 ram. Temp. 17~ 

Readingon 
scale K. 

Z e r o .  
0"58 
1"00 
1 "50 
2"00 
3"00 
4"00 
4"74 

Emergent 
range. 

c m .  

~'Ss 
0'50 
1'00 
1"50 
2'50 
3"50 
4"24 

Mean reading 
o n  V 

for end of range. 

8"845 
8"525 
8"460 
8"422 
8"400 
8-367 
8'335 
8'326 

Air- 
equivalent. 

cm.  

"385 
"423 
"445 
"478 
"510 
"519 

The first column gives the readings on scale K. From 
these readings the values of the distance between the foil F 
and the zinc-sulphide screen Z are deduced and entered in 
column 2 under the heading of' emergent range. The 
emergent range is thus the distance through which the 
a particles have to travel after leaving the foil before com- 
pleting their range. Column 3 gives the means of readings 
on vernier V for several determinations of the end of the 
range. From these, the values of the air-equivalents are 
calculated and entered in column 4. Two or three sets of 
observations were made for each foil, and the means obtained 
from a smooth curve drawn through the actual observations. 
In some cases a source was used consisting of RaC depo,ited 
on a small metal disk, so that the observations could be 
extended to higher ranges. The mean values obtained are 
given in the following table (p. 188) and shown diagramma- 
tically in fig. 2 (p. 189). The results are expressed throughout 
in terms of the emergent range as defined above. The in- 
cident range can be obtained by adding to this the air- 
equivalent in the particular position. The air-equivalents 
and emergent ranges are reduced in all cases to 76 cm. 
pressure and 15 ~ C.; for it has been well established by 
many observers that the range of an a particle in any gas is 
proportional to the density. 

I t  will he at once seen from the curves that the varia- 
tions of air-equivalent are quite considerable and specially 
noticeable for low ranges. In particular, the variation of 
air value in the cases of aluminium and mica is almost 
entirely confined to the last two centimetres of emergent 
range. It may be noted in passing, that this variation is 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
Sa

nt
a 

B
ar

ba
ra

] 
at

 1
1:

08
 2

0 
Ju

ne
 2

01
6 



18~ Messrs. E. Marsden and H. Richardson on t]~e 

of great importance in many experiments in which these 
substances have been used in experiments on a particles. 
The alteration of air-equivalent tends to diminish ibr high 
ranges in all' cases, although there is no indication of the 
values becoming constant % 

TABLE I [ .  

Gold. Aluminium. 
Emergent 

Range. 
A. B. C. A. B. 

0"0 
0"5 
1'0 
1"5 
2'0 
3O 
4"0 
50  
6"0 

"299 
'384 
'426 
"452 
'471 
'502 
"522 
"533 
'547 

"75O 
-895 
'972 

1"021 
1"066 
1-118 
1"161 
1'195 

1"310 
1-487 
1"613 
1"681 
1 "733 
1"822 
1 "899 

"769 
"82O 
"851 
"869 
"880 
"888 
"892 
"895 

"918 
1"015 
1"051 
1'073 
1 '086 
1"102 
1"110 
1"116 

Emergent 
Range. 

A. :B. 

0'0 "536 '875 
0'5 "601 '937 
1"0 '623 "964 
1"5 '631 "977 
2"0 "636 .984 
3'0 "647 "990 
4'0 '655 "995 
5 0 "663 1000 
6'0 . . . . . .  

Silver. II Tin. 

~ - A. B, i �9 6 6 8  16 0 
�9 787 .831 1.775 .5611 3.198 

�9 860 it .874 1.851 I 1.618 ' 3.353 "896 900 1"902 i "655 3"460 
-916 "922 1"940 '681 3'544 
"939 "953 2"000 -725 ... 
-956 -977 2"0541 "760 ... 
-972 1"000 ... ] . . . . . .  

I 

The question arises as to what is the quantity which we 
have called air-equivalent. As we are measuring in all 
cases the end of the range of the particles which have not 
been appreciably deflected from their path, scattering can 
have little influence on the results. A factor which might 
come in is the phenomenon which Darwin has~ termed 
"straggling." Darwin states, " I n  traversing matter some 
r particles encounter more atoms than others and go deeper 
into them. Thus after going a given distance the = particles 
will have straggled out and some will be moving faster than 

* Cf. Bragg, ' Studies in Radioactivity,' p, 52. 
t C G, Darwin, Phil. Mag vol  xxiii:' p 901 (1912)  
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Retardation o f  ~ Particles by Metals.  189 

others." Inform,~tion on this point might he obtained from 
a consideration of the nmnber of atoms in a particular foil 
which come within the sphere of influence of an a particle 
traversing the foil. However, no accurate data are available 

Z.8 

~6  

",4 

& 

4 

.8 

~c~ 
, I "  

/ 

Fig. 2. 
J'/" 145 

'I 3 S tO ~ ' ~  At A 2 k~ 

Ipl 

) 6 

" ' "  L 5 ,5 

. . . . . .~---  

/elJc~ A 

Au.,q, . ~ -  

f 

O I ~ J 4 5 6 ( 2 5 4 5 ' 6 1 E 3 ~ 5  
E~ERas ff~Nas tN C~$. 

as to the atomic diameter which would of course be required 
for this calculation. In an experiment we made to throw 
light on the question, foils of aluminium and gold equivalent 
to about 1 cm. of air were placed at a definite distance near 
to the zinc sulphide screen, and their air-equivalents 
measured (1) when the a particles previous to traversing 
the foil had passed entirely through air, and (2) when 
they had previously traversed a gold foil equivalent to 
2 cm. of air. The results for both metals agreed to within 
11 per cent., showing that longitudinal straggling is either 
not very serious, or that it varies little from gold to air 
under the experimental conditions. 

I f  we assume that straggling is not an important factor 
in the above measurements, we can deduce general ex- 
pressions for the air-equivalents of any foil at any part of 
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190 Messrs. E. Marsden and H. Richardson on the 

the range. Starting from the end of the range, let xl be 
the air-equivalent of a foil of mass per unit area m ; then the 
incident range is xl cm. Let  x2 he the air-equivalent for 
emergent range Xl, then the incident range is XlA-X2 cm., 
and the air-equivalent of the combined foil of mass per unit 
area 2m is also XlTX~. Thus the air-equivalents for masses 
per unit area m, 2m, 3m, etc., are xl, xl+x2, xl+x~+xs, etc. 
respectively. In this way by taking the values of x from 
the above data (fig. 2), a curve can be plotted connecting 
mass per unit area and air-equivalent, this being reckoned 
in all cases from the end of the range. Such curves are 
given for gold, silver, and aluminium in fig. 3. They were 

~8 

24 

x 

j/. 

Fi~. 3. 

/ 
/ 

/ 

J 
J 

/ 

i>I" 

determined as the means of the observations for the various 
foils of the same material given in Table I L  The curves 
obtained for the different foils of the same lna~erial agreed 
closely, showing the approximate accuracy of the assump- 
tions. From the mean curves given, the air-equivalents of 
any foil at any part of the range can be obtained. For  
instance, suppose it is required to find the air-equivalent of 
a foil of mass per unit area m for a particles of incident 
range R. Let M be the mass per unit area necessary to 
completely absorb 0t particles of range R, and R' the range 
for mass per unit area M - m ;  tl.en R - - R '  is the air- 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
Sa

nt
a 

B
ar

ba
ra

] 
at

 1
1:

08
 2

0 
Ju

ne
 2

01
6 



Retardation of  a Particles t,y Metals. 191 

equivalent required. The values of M and R '  call be taken 
from the curve for the particular material used. 

From the curves given above we have determined the 
mass per unit area per eentimetre air-equivalent at different 
parts of the range. The results are given in Table I I I . ,  and 
the values for the other materials for which we have not 
determined the curves sufficiently accurately are given 
between 5 and 6 cm. of air. The results are expressed 
throughout at 15 ~ C. and 76 cm. pressure. The limits of 
air value are in each case reckoned f rom the end of the 
range and not from the beginning. The reason tbr this is 
that  the end of the range is the only point common to 
particles of different radioactive products. Moreover, there 
is some doubt as to the exact range of R a C .  This has 
generally been assumed to be 7"06 cm. at 76 cm. and 
20 ~ C. Bragg,  however, has recently given the value 
7'14: cm.* In  our experiments the end of the range at 
which the zinc-sulphide screen was generally set corre- 
sponded to 7"04: cm. from the source (76 cm. and 20 ~ C.), 
al though an occasional scintillation could be observed up to 
7"10 cm. (76 cm. and 200 C.). 

TABLE I I I .  

Material. 

&luminium ... 
~opper 
~ilver 

fin 
Platinum ... 
~old . 
VIiea 

Atomic 
weight 

27"1 
63"6 

107"9 
119"0 
195'2 
197"2 

Mass per unit area of foil equivalent 
to 1 ore. air at 15 ~ and 76 cm. 
(=mXlO s grins.). 

0-1 cm. 

190 

3"805 
o . .  

6'10 

1-2 

171 

3"28 

4"84 

2-3 3-4 4-5 5-6 6-7 

165 164 163 162 162 
2"26 ... 

3"1(] 3"01 2"9; 2"861 2"81 
3-171 ... 
4"4 ... 

4'44 4'25 4"06 3"96 3"91 
1"43 ... 

Bragg's results. 

Stopping m• 
power. 

1"495 1"545 
2"46 2"21 
3"28 2"80 

3"56 2"85 
4"14 4"02 
4'22 3"98 

In  column 10 of the above table we have entered Bragg ' s  
values for the stopping powers of the materials considered. 
They are taken from p. 44 of his book 'S tudies  in Radio- 
activity, '  and Prof.  Bragg  has kindly informed us that  they 
generally refer to an incident range of about 6 cm. and 

#Zoc. cit. p. '21. 
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192 Retardation o/ a Particles by Metals. 

emergent or residue range of about 3 cm. I t  will be 
noticed that our values are somewhat the greater. Our 
values are also in excess of those given by Taylor*. Further, 
the variations of air-equivalent for the foils given by both 
Bragg and Taylor are somewhat more pronounced over the 
range they examined than are our values. The difference 
is probably due to the two methods of measurement. I t  
may be convenient here to give a few points comparing the 
two methods of determining air-equivalents,--ionization and 
scintillation. In the case of the scintillation method no 
trouble arises from scattering, as is possible in the ionization 
method. In the scintillation method a mnch smaller area 
of foil, generally only about 2 sq. mm., is used than in the 
ionization method, where an area ordinarily not less than 
0"5 sq. cm. is employed. In the case of foils which are in 
any way ununiform, a better average is therefore obtained 
in the ionization method. This can be remedied to some 
extent by determining the equivalence in several places. 
However, dimculty arises in the scintillation method when 
the foils under investigation contain small holes or local 
irregularities, for in that case there is a tendency to measure 
the thinnest portion of the foil. These small local irregu- 
larities were found in all the foils examined except gold. 
In our experiments we avoided the error to some extent by 
using composite sheets of many thicknesses of foils. Any 
serious irregularities can be instantly noticed by the fact 
that they allow a particles of different velocities to fall on 
the screen, causing scintillations of different brightness. 

The scintillation method, as used above, is convenient in 
that it does not involve any extensive apparatus. The 
observations are more direct and can be made much quicker 
than by the ionization method. A source such as we have 
used is not necessary, for instance a moderately strong 
preparation of polonimn serves very well. 

A theoretical investigation of the above results on the 
variation of air-equivalent is somewbat difficult in the 
absence of definite information of the change of velocity of 
the a particles in passing through the various foils. The 
velocity is obviously more fundamental than the rang% 
which is of course measured in an arbitrary substance. 
I t  appears, therefore, preferable to postpone farther dis- 
cussion until the completion of some experiments on velocity 
curves in various substances now in progress by Dr. Taylor 
and one of us. 

* Loc~ cit. 
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The Excitation of ~/ Rays by a Rays. 193 

We are indebted to Prof. Rutherford for his kind en- 
couraging interest in these experiments, and also to the 
Royal Society Government Grant Committee for a grant 
to one of us, out of which part of the expenses have been 
paid. 

Additional 1Vote added Dec. 23, 1912. 
It  was noticed in the above experiments that when the 

zinc sulphide screen was moved so as to gradually approach 
the source of a particles, a considerable illumination of the 
screen appeared just prior to the point where the scintillations 
began to appear in large numbers on the screen. Near the 
end of the range the scintillations themselves consist of very 
faintspots of light, more localized than those due to a particles 
of high velocity. The illmninatiou mentioned abov6 appears 
uniform, and was specially noticeable in the experiments 
where adjustments of the end of the range were made with a 
gold or other metal foil placed within 1 mm. of the ZnS screen. 
The illumination appears to be connected with the a particles 
and not to be due to a fl or ~/radiation emitted from the 
source. The radiation producing it can penetrate about 
1 ram. of air, which seems to exclude the idea of $ rays 
being the cause. A transverse magnetic field of 2500 gausses 
had no appreciable influence on the luminosity, and this, 
in consideration of the recent experiments by Chadwick, 
suggests that it may be due to ql rays excited by the a rays. 
Such ~/rays would be of course much softer than any yet 
investigated by the ionization method, but might conceivably 
belong to a series similar to those investigated by Barkla. 

Experiments with willemite and BaPtCy, which might be 
expected to give a larger relative illumination of ~/to a rays, 
were somewhat unsatisfactory owing to the large illumination 
effect of the/~ and ~/rays given off from the source. 

XXI.  The Excltat~on of ~/ Rags b# a Rays. B~t,J. CHAD- 
WICK, M.Sc., Beget Fellow of the University of Jdanchester*. 

A T the end of a papert  published recently the writer 
stated that some evidence had been obtained of the 

excitation of ~, rays when a rays impinge on matter. This 
has now been definitely established, and the preliminary part 
of the experiments will be described. 

The source of a rays used in these experiments was radium 
emanation with its active deposit contained in a very thin 

+ Communict~ted by Prof. E. Rutherford, F.R.S. 
t Chadwiek~ Phil. May. xxiv. p. 594 (1912). 

19hil. May. S. 6. Vol. 25. No. 145. Jan. 1913. 0 
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