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The electric field-intensity-changes at the source of atmospherics ha vc been meas
ured statistically at the two different frequencies 3 and 90 kHz at Imaichi Observa
tory in summer, 1970. The four statistical parameters, i. e., CRD, APD, OTID 

and PWD, have been analyzed from the observational data of the field-intensity
changes. By the comparison between the same kind of sta tistical parameters which 
have been obtained at the two frequencies for the different years, we have found 
the evidence that (I) the characteristic features of CRD and APD curves do not 
change from a year to another remakably, provided the comparison being made on 

the same frequency, while in the comparison on different frequencies the features 
change appreciably, (2) some feature of OTID curves at 3 kHz appreciably differs 
from at 90 kHz. 

1. Introduction 

A research programme has been continued at our institute for these few years. 

The aim of this programme is to study statistically the vertical electric field-intensity

changes caused by lightning discha rges at the source of atmospherics. It was in the 
summer of 1969 that the technique of statistical measurement established through 
many years experiences in the research fie ld of atmospheric radio noise from distant 
sources, has been introduced , for the first time, to the study of field-intensity-changes 
at 3 kHz at the atmospheric soui·cc. The well known four statist ical parameters have 
been measured on the da ta of field-intensit y-changes recorded at the sou rce. They 

a re (I) amplitude probability distribution (A PD), (2) crossing rate distribution (CRD), 



14 

(3) occurrence time interval distribution (OTlD) and (4) pulse width distribu tion 

(PWD) . The measuring method of the field-intensity-changes has been described in 

details in the preceding issue of this proceedings (Nakai ct a!., 1970) . 

Using the same method as it was applied in 1969, the vertical electric field

intensity-changes were measured at 3 and 90 kHz in summer, 1970, when the thun

derstorms approached to Imaichi Observatory. The four statistical parameters have 

been obtained from the analysis of the field-intensity data recorded at the two 

frequencies. 

]n this parer we will describe the results of analysis on the field-intensity-data of 

J 970 and discuss the resuiLs of comparison between the same kind of parameters 
obtained at the two different frequencies and sec the change in a parameter value 

for the two different yea rs 1969 and 1970. 

2. C R D 

Figs. l and 2 show the time changes of the field-intensity at the source in terms 

of the parameter CRD, indicating the effect of an approaching thunderstorm in 

summer, 1970. The receiver's bandwidths arc 470 a nd 850Hz for the two frequencies 

3 and 90 kHz respectively. Full line CRD curves, in Figs. l and 2, have been 

obtained from the analysis of I 50- and 200- seconds durations field-intensity-data at 

frequencies 3 an d 90 kHz respectively. The times of hours indicated upperside a 

series of full lin e CRD curves represent that corresponding to the starting points of 

sampling data and also the observation times of the data from which these curves 

have been analyzed. 
Shown by broken lines arc the CRD curves at each of the two frequencies . They 

are obtained as an average of all the full lin e curves LO be found to the left side of 
each broken line. Accordingly, the behaviour of broken line curves also indicate the 

way how the shapes of CRD curves change as the time length of sampling data 

increases. 
Coordinates scales shown in Figs. I a nd 2 correspond to the full line CRD curve 

of 16" 52"' 00 ' and 16" 47"' 40 · respectively, where the dB values indicate the threshold 
values in units of dB above I millivolt of the input voltage of the AD convener. 

These threshold scales can be used for each of full line curves of different times 
by using the respective origin indicated by an a rrow. Regarding broken curves, 
though not indicated, their origins are determined to be found 6 dB rightward from 

the origin fo r the full line curve of the same time. 
Some interesting features of the CRD curves have been described by 1'\akai et a ! 

(1970) . The CRD curve is taken from the previous paper in Fig. 3. As a result of' 

this. the CRD curve at 3 kHz g iven in thi' pn·vious papn now can hC' compared 

with new CRD curves at the frequencies 3 and 90 kHz. The >ymbols. PROB, CR 
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Fig. I . Time variations of crossing rate distribution (CRD) at 3 kHz 

of the e lectric fi('lc] intensity change at the atmospheric source 

-- log- log graph. 

lfi 

and THRESHOLD that appear in Figs. 3, 4 and 5 have the meanings as fo llows: 
PROB represents the percentage with which the noise envelope exceeds a threshold 

va lue indicated by the fi~urcs given below the caption of THRESHOLD, and CR 

the crossing rate, i. c., the number of crossings per second on the same threshold 

value. 

As it is clearly understood from the graph in Fig. 3, a CRD curve at 3kHz can 

generally approximated by a composite curve consisting of three straigh t line sections. 

Despite this, Figs. I and 2 show the result of the year of 1970 that the CRD curves 

at 3 a nd 90 kHz can seeming ly be approximated by a composite curve consisting of 

one or two straight line sections. It has been concluded, in the previous paper 

regarding the result of the year of I 969 at 3 kHz, that the two straight line sections 
in the middle- and high-threshold ranges of the CRD curve consist of predominant 

contributiom from the return stroke pulses. We see the difference in the number of 

component straight line sections even on the same frequenncy, if the comparison is 

made for the different years, that is, the lack, on new CRD curves, of the straight 

line section that cor-responds to the low threshold range. This can be attributed to 

the way of setting th e attenuator of the receivers. Accordingly, the interpretation 

that the formation of a CR D curve is strongly controled by the characteristics of the 

return st roke- and K change-pulses (Nakai ct al., 1970) seems to be applicable to the 
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Fig. 2. Time var iations of c rosssing rate dist ri but ions (CRD) a t 90 kH z 

of the electric fie ld inte nsity cha nge at the a t mosp heric •ource 

-- log- log graph. 
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case of new CRD curves at the frequency 3 kHz too. 
As for a mathematical expression of a CRD curve, a power function can be so 

adapted as to n:prcsent each straight lin e section of a composite curve on the g raph 

with the logarithmic scales on both coordinates. Two or three power indices charac

terizing power functions have been determined by estimating the magnitudes of slopes 
of straight line sections of the curve, and tabulated in Table I, where s2 and sa 

represent the slopes of straight line sections of the curve in the middle- and high
threshold values as seen from the CRD curve in Fig. 3, where the figures outside the 

brackets represen t the values of power indices estimated for full line CRD curves, 
and the figures inside the brackets stand for broken line curves. It is found, regard

ing full line curves, that {I ) there is a good agreement, on an average, between the 
corresponding slopes s2 for the two groups of CRD curves at 3 kHz obtained in the 

year of 1969 and 1970, and (2) there is a clear trend that the slopes s2 and sa at 90 

kHz are la rger than at 3 kHz in the year of 1970. 

3 kHz 1969 

* * s 2 0. 88 - l. 38 

·:t ·X· 

s ,, 21. 8 - 2. 82 

T ab le 

3 kHz 1970 90 kHz 1970 

0. 9 

(I. 02 

0.65 

1. 17 

I. ll ) 

l. 37 - l. 73 

( I. 48 - l. 6) 

I. 9_l_ ~. 6~ _ 2. 66 I 
11. 02 - I . ~) ( I . 66 - 2. 22) I 

The figures with symbol * r epresent the var ia ble range of 30°11 , 

while the o th er f igures the variable ran ge after excep ting bo th the 

maximum and minimum value. 

3. OTID 

Figs . 4 and 5 show the two groups of OTID curves for various threshold values 

at the two frequencies 3 and 90 kHz r espectively, which have been analyzed from 

the same sampling fi eld-intensity data as that from which the CRD curves of the 

co rresponding time o f hours in Figs. I a nd 2 were obtained. As for a c lose r elation

ship berween a pair of a CRD curve and an OTID curve-group of the same time, 

each p lot on the CRD curve represents the measured numbe1· of crossings per second 
with which the noise envelope traverses in one direction a threshold value indicated 

on the abscissa, w hil e a n OTID curve cha rac terizing the occurrence time o f the pulse~ 
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which rxceed the same thresho ld va lue has bern analyzed and it 1s dr<1wn as one 

member of the OTID r urve-g roup of the sam e time in Figs. 4 a nd 5. 

By making use of such a clo~r relationship bet ween a CRD curve and the corres

ponding OTlD curve-g roup, we might expect the solution of the interesting question, 

" what kind of a pulse in the elementary discharge processes appearing at the source 

of atmospherics do contribute to the formation of the CRD curve at the two fre

quencies 3 and 90 kHz? " The following criterion m ay be introduced to distiguish 

the return stroke pulse from the K change pulse. If the time spacing between a 

particular pulse a nd its preceding pulse is longer than 10 milliseconds, the probability 

tha t the particula1· pulse belongs to the category of return stroke pulse should be 
larger than the other category (Ishikawa, 1960; Kitagawa and Brook, 1960; Schonland, 

1956). If not, the possibility that the pulse belongs to the category of K change 
pulses should be larger than the other. Based on the a bove crite1·ion, it might be 

possible to discuss the difference in behaviours of OTID, a nd the difference in the 

formation of CRD curve between 3 and 90 kHz. 

The probabili ty on each of the OTID curves, with which the occurrence time 

interval between pulses represented by the ordina te exceeds a time length, 10 millise

conds, indicated on the abscissa has been estimated on the two graphs at 3 and 90 
kHz in Figs. 4 and 5. It has been found that these estimated magnitudes for 3 kHz 

arc a value larger than 92, 91 and 86 and 70 fo for a series of threshold valus, 6, 15, 
24 and 35 dB. For 90 kHz they are 92, 69, 53, 41 and 35 ?6 for another series of 
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threshold values. 35, 41, 47, 53 and 59 dB. By comparison between the two frequen

cies it is found that the estimated percentage values for 3 kHz are larger than those 

for 90 kHz. 
To determine whether the above result holds in general, the estimation of proba

bility following the above procedure has been made on the whole OTID curves. 

The number of estimated probability va lues are nearly equal to or a li ttle smaller 

than the number of the plots on all the full line CRD curves in Figs. I and 2, for 

each of the two frequencies of 3 and 90kHz. The estimated magnitudes are classified 

into the two categories, and we find that the number of cases in wh ich the proba

bility is larger than 60 ?6 is 27 for 3 kHz and 15 for 90 kHz, while the number of 

cases in which it is smaller than 60 96 is 6 for 3 kHz and 17 for 90 kHz. The ratio 

of numbers of different kind, therefore, 27/6 at 3kHz and 15/17 at 90kH z. From 

the difference in the magnitudes of the ratio, it is clear that there is an appreciable 

difference with respect to the contributions to the formation of CRD curve, of the 
two kinds of pulses, the return stroke- and K change-pulses. The formation o f a 
CRD curve at 3 kHz has already been described by Nakai et al (1970) . 

4. APD and PWD 

APD curves have been analyzed synchronizingly wi th the other th ree statistical 

parameters using the same field-intensity-data and are drawn on the log-normal graphs. 

It has been found that an APD curve at each of the two frequencies, in most cases, 

can be approximated by a straight line, and accordingly it follows the log-normal 

law. The magnitude of standard deviation of a log-normal distribution curve fitted 

to each of the APD curves has been determined by estimating the slope of straight 

line on the log-normal graph and its variable range tabulated in Table 2 together 
with that of the same parameter obtained on the APD curves at 3 kHz for the year 

of 1969. 

It is found easily that there is a good agreement in the variable range of stan

dard deviation between the two groups of APD curves at 3 kHz obtained for two 

different years of 1969 and 1970, a nd that the magnitude of standard deviation at 90 

kHz is smaller than that at 3 kHz. 

By comparisons of the PWD curves at the two frequencies, it has been found 

that the pulse width at 3 kHz is, on a rough estimation, several times larger than at 

90 kHz, even if the difference in the receiver's bandwidths 470 and 850 Hz at the 

two frequencies is taken into account. 
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Table 2 

Region of 80 00 change of 

standard deviation dll 

3 kHz 1969 2 5 . 5 - 3 I . 5 I 
~---'-------~ --

3 kHz 1970 2 5 . 0 - 2 9 . 0 I 

90kHz 1970 I 6. 5 I 9. 0 
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