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by starting 1/8 minute later and adding B-t-C, D t E ,  &c. 
The results are given in the appended Tables. In the final 
horizontal columns are given the sum of the occurrences in 
Tables A and B and the corresponding theoretical values. 

In  the cases for 1/4: minute intervals, the agreement between 
theory and experiment is not so good as in the first experi- 
ment with 1/8 minute interval. I t  is clear that tlle number 
of intervals during which particles were counted was not 
nearly large enough to give the correct average even for 
the maximum parts of the probability curve, and much less 
for the initial and final parts of the curve, where the pro- 
bability of an occurrence is small. However, t ak i ,g  the 
results as a whole for the 1/8 minute and the 1/4 minute 
intervals, there is a substantial agreement between theory 
and experiment, and the errors are not greater than would 
be anticipated, considering the comparatively small number 
of intervals over which the a particles were counted. 
We may consequently conclude that the distribution of 

particles in time is in agreement with the laws oC pro- 
bability and that the a particles are emitted at random. As 
far as the experiments have gone, there is no evidence that  
the variation in number of a particles from interval to 
interval is greater than would be expected in a random 
distribution. 

Apart from their bearing on radioactive problems, these 
results are of interest as an example of a method of testing 
the laws of probability by observing the variations in 
quantities involved in a spontaneous material process. 

University of Manchester, 
July 22nd, 1910. 

No~. .  
On the Probability _Distribution of a Particles. 

By  H. BAT~MA~. 
LET kdt be the chance that an a particle hits the screen in a 
small interval of time dr. I f  the intervals of time under 
consideration are small compared with the time period of the 
radioactive substance, we may assume that k is independent 
of t. Now let W~(t) denote the chance that  n a particles hit 
the screen in an interval of time t, then the chance that 
(n + 1) particles strike the screen in an interval t + dt is the 
stun of two chances. In the first place, n + 1 a particles may 
strike the screen in the interval t and none in the interval dr. 
The chance that this may occur is (1--Xdt)W~+l(t). 
Secondly, n a particles may strike the screen in the interval t 
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and one in the interval dt ; the chance that  this may occur is 
XdtWn(t). Hence 

W~+l(t +dt)  ----- (1--Xdt)Wn+l(t) +XdtW~(t). 
Proceeding to the limit, we have 

dW~+------2 = X(W~--W~+0. 
dt 

Pa~ting n--0,  1, 2 . .   9 in succession we have the system 
of equations : 

dWo _ --XWo, 
dt -- 

qW!' = X(Wo--Wl),  

dW~_ X(W1--W~), 
dt 

 9  9  9  9  9 

which are of exactly the same form as those occurring in the 
theory of radioactive transformations *, excop~ that the time- 
periods of the transformations would have to be assumed to 
be all equal. 

The equations may be solved by multiplying each of them 
by e at and integrating. Since W0(O)=l ,  W~(O)---O, we 
have in succession : 

Wo "" e-Xt~ 
dt(Wle~) .'. W1---- Xte -~, X, 

_~ (xt )' _ .  
(Wze  at) = X ' t ,  . ' .  W = = ~ l - e  , 

and so on. Finally, we get 
(Xt)" --~t 

n ,  

The average number of a particles which strike the screen 
in the interval t is ;~t. Put t ing  this equal to x, we see that 
the chance that n ~ particles strike the screen in this 
interval is 

X n 
W ~ - - n !  " 

 9 Rutherford, ' Radioactivity,' 2nd edition, p. 330. The chance thai. 
an atom suffers n disintegrations in an interval of time t is equal to the 
ratio of the amount of the nth product present at the end of the interval 
to the amount of the primary substance present at the commencement. 
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The particular case in which n = 0  has been known for 
some time (Whitworth's ' Choice and Chance,' 4th ed. 
Prop. 51). 

I f  we use the above analogy with radioactive trans- 
formation, the theorem simply tells us that the amount of 
primary substance remaining after an interval of time t is 
e -~t if a unit quantity was present at the commencement. 

The probable number of =t particles striking the screen in 
the given interval is 

~r ~ x n -  I 

p = ]E n W .  = xe -x ~ (n--1)'-------~ = x. 
n = l  u : l  " 

[[he most probable number is obtained by finding the 
maximum value of W, .  

Since W~__~ _ X this ratio will be greater than 1 so long 

as n < x. Hence if n ~ x, 

W , , ~ W . _ t  ; 

i f  n = x ,  W ~ = W , - 1 .  The most probable value of n is 
therefore the integer next  greater than x ; if, however, x is 
an integer, the numbers x - -1  and x are equally probable, 
and more probable than all the others. 

The value of X which is calculated bv counting the total r 

number of a particles which strike the screen in a large 
interval of time T, will not generally be the true value of X. 
The mean deviation from the true value o[ • is calculated 
by finding the mean deviation of the total number l~l of 
= particles observed in time T from the true average number 
XT. This mean deviation D (mittlerer Fehler) is, according 
to the definition of Bessel and Gauss, the square root of the 
probable value of the square of the difference N--XT, and so 
is given by the series 

D' e- T = (N--XT) 
n-~-0 

,a lq 
~ - ~ T  ~ [ (XT) (]~T,)~ 9 (]~T)I~+I (XT)~+2] = - - " + i = x T .  

~=o L(N- ) ! (1%-- I) ! 

Hence D----v/~-T, and the mean deviation from the value 
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of ~. is accordingly 

T 
it thus varies inversely as the square root of the leugt, h of 
the interval of time. This result is of the same form as the 
classical one used by E. v. Sehweidler in the paper referred 
to earlier. 

The probable value of [ N--?~T [ (der durchschnittlicher 
Fehler) is much more difficult to calculate. 

L X X V I L  A New Radiant J~mission from the Spark. By 
R. W. WooD, Professor of ~xperimental ~Phjsics in the 
Johns Hopkins University *. 

[Plate XIV.] 
I SCARCELY know how to designate the peculiar type 

of radiation referred to in the present paper, which 
was first discovered over two years ago in the course of some 
experiments made with a view of ascertaining whether the 
Schumann waves from the spark gave rise to any fluores- 
cence of the air by which they were absorbed. It  is now 
known that there is a feeble ultra-violet luminosity of air or 
nitrogen gas surrounding a small mass of radium, in other 
words the radium renders the gas luminescent. To test for 
a fluorescence due to the absorption of very short light- 
waves, the condenser spark between aluminium electrodes 
was passed behind and very close to a vertical strip of metal 
which completely concealed the spark, but which enabled 
observation, either visual or photographic, of the air in its 
immediate vicinity. If  the air in the room was free from 
dust and smoke absolutely nothing could be seen with the 
eye, even after prolonged resting in the dark. A photo- 
graph, however, made with a small camera provided with a 
quartz lens, showed that the air around the spark was a 
source of a powerful actinic radiation, which was completely 
stopped by the intervention of a glass plate between the 
camera and the spark. The first photograph of the pheno- 
menou which was obtained is reproduced on P1. XIV. fig. 6. 
The narrow strip of metal between the two wider strips was 
about 1 cm. in width; the spark discharge was concealed 
behind this. 

Two hypotheses immediately presented themselves : (a) we 
are de~,ling with a scattering of the shortest waves by the 

* Communicated by the Author. 
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