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1. I N T R O D U C T I O N 

The atomic events are characterized by randomness in time, in space, direction, 
etc. This fact is intuitively acceptable to experimantalist who has measured an effec-
tive cross section by extensively used single electron counting technique. Quantitative 
test of the randomness in the time is carried out by statistical method of Pearson's 
correlation coefficient 

where At't" is the mean product of the deviations, and Δt' and Δt" are the root 
mean square deviations of t' and t", respectively. In this analysis (t',t") is the pair 
of time intervals which separate an atomic event from the previous one and from the 
following one. 

Examples of the test of randomness can be found in literature [1], carried out 
by Rutherford for o-particle emission, and by Mayer and Gerlach for photoelectron 
emission events from metal exposed to ultraviolet light. But, to our knowledge, there 
is no example of test of randomness in the time of the electron scattering in binary 
electron-atom collisions. 
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Figure 1. Correlation diagram of time intervals t' and t", 

preceding and following the electron-atom collision signal. 

The atomic event is electron impact excitation of Ar from 

the ground state to 4s'[1/2]1 ( 1P 1) state. The impact 

energy is E o=30 eV, and the scattering angle is 5 deg. 

(Units are the time-per-channel, 10 ms approximately.) 
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2. E X P E R I M E N T A L 

T h e measurements of angular d i s t r ibu t ions of electrons scat tered e las t ica l ly or 
ine las t ica l ly o n a n a t o m has been the subject of our interest for a long t ime. O u r 
choice is argon-gas-target because the results of electron sca t te r ing on this a tom i n 
the fo rm analogous to the diffraction p ic ture of the l ight scattered by s m a l l spheres 
was the first s t rong p roof of wave propert ies of the electron i n b ina ry e lec t ron-a tom 
col l is ions [2]. T h e m o d e l of the electron i n b i n a r y col l is ions is a p lane wave as a good 
a p p r o x i m a t i o n of a wave packet i f incident electron b e a m is monoenerget ic . H i g h 
energy reso lu t ion is desired also to resolve scattered electrons f rom a single a tomic 
process. 

O u r e lectron spectrometer descr ibed earlier [3], exceeds 40 m e V overal l resolu
t ion. E x i s t i n g modes of opera t ion of the spectrometer are w i t h no constant energies: 
i n the energy-loss mode the f inal a tomic state changes, a n d i n the impact -energy 
mode the incident electron energy is not constant . W e per formed s ta t ionary ex
pe r imen ta l condi t ions by " impac t -energy" mode d i sconnec t ing r a m p of mu l t i channe l 
analyser (Tracor N o r t h e r n T N - 1 7 0 5 ) for changing the energy, and us ing this r a m p for 
the t ime scale ca l i b r a t i on . In this way, a t ime in te rva l is d i v i d e d in to 1023 channels, 
that is the same number of separate exper iments . 

W e recorded the s ignal as a result of detect ion of electrons scat tered after in-
elastic e lec t ron - s ingle a t o m co l l i s ion (exc i ta t ion of A r a tom f rom the g r o u n d state 
to 4 s ' [ l / 2 ] 1 ( 1 P 1 ) state). T h e incident e lectron energy was 30 e V , a n d the scat ter ing 
angle was 5 ° . 

T h e Pearson 's corre la t ion coefficient of r=0 .091 , c lear ly shows randomness of 
the a tomic events invest igated th rough the s t rength of cor re la t ion . A n o t h e r way 
of presenta t ion the result of the test, t h rough t '= t ' ( t " ) cor re la t ion d i ag ram, shows 
diffusion of ( t ' , t " ) poin ts ( F i g . l ) . It is the p roof that the s t rength of cor re la t ion is 
week, a n d no func t iona l fo rm of the corre la t ion . 

T h e test of randomness presented here is of fundamenta l interest for h igh school 
A t o m i c Phys i c s educa t ion . A l s o , this test enables to f ind some exper imen ta l i m 
perfections as re la t ive ly large dead-t ime of the detector a n d any noise w h i c h is not 
r andom-wa lk . Detai les of the p robab i l i t y d i s t r i b u t i o n w i l l be presented o n the con
ference. 
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