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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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examined. The length of tape corresponding to half-minute 
marks was subdivided into four equal parts by means of a 
celluloid film marked with five parallel lines at equal distances. 
B y  slanting the film at different angles, the outside lines 
were made to pass through the tlme-marks, and tile number 
of scintillations between the lines corresponding to 1/8 minute 
intervals were counted through the film. By  this method 
correction was made for slow variations in the speed of the 
motor during the long interval required by the observations. 

In  an experiment of this kind the probability variations 
are independent of the imperfections of the zinc sulphide 
screen. The main source of error is the possibility of missing 
some of the scintillations. The following example is an illus- 
tration of the result obtained. The numbers, given in the 
horizontal lines, correspond to the number of scintillations 
for successive intervals of 7"5 seconds. 

Total per minute. 
l s t m i n u t e :  3 7 4 4 2 3 2 0 . . . . . . . . .  25 
2nd ,, 5 2 5 4 3 5 4 2 . . . . . . . . .  30 
3rd ,, 5 4 1 3 3 1 5 2 . . . . . . . . .  24 
4th ,, 8 2 2 2 3 4 2 6 . . . . . . . . .  31 
5th ,, 7 4 2 6 4 5 1 0  4 . . . . . . . . .  42 

Average for 5 minutes ... 30"4 
True average . . . . . . . . . . . . . . .  31"0 

The length of tape was about 14 cms. for one minute 
interval. The average number of particles deduced from 
counting 10,000 scintillations was 31"0 per minute.  I t  will 
be seen that for the 1/8 minute intervals the number of 
scintillations varied between 0 and 1 0 ;  for one minute 
intervals between 25 and 42. 

The distribution of a particles according to the law of 
probability was kindly worked out for us by Mr. Bateman. 
The mathematical theory is appeuded as a note to this paper. 
]Mr. Bateman has shown that if ~' be the true average number 
of particles for any given interval falling on the screen from 
a constant source, the probability that n a particles are 

'v~ x observed in the same interval is given by n~ e- . n is here 

a whole number, which may have all positive values from 
0 to ~ .  The value of x is determined by counting a large 
number of scintillations and dividing by the number of 
intervals involved. The probability for n a particles in the 
given interval can then at once be calculated from the theory. 
The following table contains the results of an examination of 
the groups of a particles occurring in 1/8 minute interval. 



702 Prof. E. Rutherford and Dr. H. Geiger on the 

For convenience the tape was measured up in four parts, 
the results of which are given separately in horizontal columns 
I. to IV. 

For example (see column I.), out of 792 intervals of 
1/8 minute, in which 3179 a particles were counted, the 
number of intervals giving 3 a particles was 152. Combining 
the four columns, it is seen that out of 2608 intervals containing 
10,097 particles, the number of times that 3 a particles were 
observed was 525. The number calculated from the equation 
was the same, viz. 525. It will be seen that, on the whole, 
theory and experiment are in excellent accord. The difference 
is most marked for four a particles, where the'observed number 
is nearly 5 per cent. larger than the theoretical. The number 
of a particles counted was far too small to fix with certainty 
the number of groups to be expected for a large value of' n, 
where the probability of the occurrence is very small. I t  
will be observed that the agreement between theory and 
experiment is good even for 10 and 11 particles, where the 
probability of the occurrence of the latter number in an 
interval is less than 1 part in 600. The closeness of the 
agreement is no doubt accidental. TILe relation between 
theory and experiment is shown in fig. 1 for the results given 
in Table I., where the o represent observed points and the 
broken line the theoretical curve. 

- Fig. 1. 
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The results have also been analysed for 1/4 minute intervals. 
This has been done in two ways, which give two different 
sets of numbers. For example, let A, B, C, D, E represent 
the number of a particles observed in successive 1/8 minute 
intervals. One set of results, given in Table A, is obtained by 
adding A + B ,  C + D ,  &c. ; the other set, given in Table B, 


