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the scintillations were as bright  if not brighter than those 
from a thin film of uranium. Boltwood has found that the 
range of the a particle [rom ionium is 2"8 cms., so that it 
appeared probable that the range of the a particles f rom 
uranium had been overestimated. This conclusion was 
confirmed by finding that the a rays from a thin film of 
uranium were more readily absorbed by aluminium than 
those from ionium. By a special method, the range of the 
a particle from uranium has been measured and found to be 
about 2"7 cms., while the range of the a particle from ionium 
is a millimetre or two longer. Fur ther  experiments are in 
progress to determine the range of the a particle f rom 
uranium accurately, and to examine carefully whether two 
sets of a particles of different range can be detected. 
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L X X V I .  The Probability Variations in the 1)istribution of 
a Particles. B y  Professor E. RUTHERFORD, F.•.S.,  and 
H. GEIGER, Ph.D.  With a .Note by ]-I. BATEMAN *. 

- ~ N  counting the a particles emitted from radioactive 
substances either by the scintillation or electric method~ 

it  is observed that, while the average nmnber of particles 
from a steady source is nearly constant, when a large number  
is counted, the number appearing in a given short interval 
is subject to wide fluctuations. These variations are especially 
noticeable when only a few scintillations appear per minute.  
For  example, during a considerable interval it may lmppen 
that no a particle appears;  then follows a group of a par- 
ticles in rapid succession ; then an occasional a particle, and 
so on. I t  is of importance to settle whether these ~ariations 
in distribution are in agreement with the laws of probability, 
i. e. whether the distribution of a particles on an average is 
that to be anticipated if the a particles are expelled at random 
both in regard to space and time. I t  might be conceived, 
for example~ that the emission of an a particle might pre~ 
cipifate the disintegration of neighbouring atoms, and so 
lead to a distribution of a particles at variance with the 
simple probability law. 

The magnitude of the probability variations in the number  
of a particles was first drawn attention to by E.  v. Schweidler t -  
He  showed that the average error from the mean number of 
a particles was ~/~-. t, where N was the nmnber of particles 
emitted per second and t the interval under consideration. 
This conclusion has been experimentally verified by several 
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observers, including Kohlrausch ~, Meyer and Regener t ,  
and H. Geiger ~, by noticing the fluctuations when the 
ionization currents due to two sources of a rays were balanced 
against each other. The results obtained have been shown 
to be in good agreement with the theoretical predictions of 
yon Schweidler. 

The development of the scintillation method of counting 
a particles by Regener,  and of the electric method by 
Rutherford and Geiger, has afforded a more direct method 
of testing the probability variations. Examples of the dis- 
tribution of a particles in time have been given by Regener w 
and also by Rutheribrd and Geiger [I. i t  was the intention 
of the authors initially to determine the distribution of 
a particles in time by the electric method, using a string 
electrometer of quick period as the detecting instrument. 
Experiments were made in this direction~ and photographs 
of the throws of the instrument were readily obtained on a 
revolving film ; but it w'ls found to be a long and tedious 
matter to obtain records o~ the large number of a particles 
required. I t  was considered simpler, if not quite so accurate, 
to count the a particles by the scintillation method. 

.Experimental Arra~gement .  
The source o~ radiation was a sm~ll disk coated with 

polonium, which was placed inside an exhausted tube, closed 
at one end by a zinc sulphide screen. The scintillations 
were counted in the usual way by means o~ a microscope on 
an area of about one sq. ram. of screen. During the timo 
oC counting (5 days), in order to correct for the decay, the 
polonium was nmved daily closer to the screen in order thai; 
the average number of a particles impinging on the screen 
should be nearly constant. The scintillations were recorded 
on a chronograph tape by closing an electric circuit by h~md 
at the instant of each scintillation. Time-marks at intervals 
of one half-minute were also automatically recorded on iho 
same tape. 

After the eye was rested, scintillations were counted from 
3 to 5 minutes. The motor running the tape was then 
stopped and the eye rested for several minutes ; then another 
interval of counting, a~d so on. I t  was found possible to 
count 2000 scintillations a day, and in all 10,000 were 
recorded. The records on the tape were then systematically 
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