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ABSTRACT 

Field intensities of atmospheric radio noise on '.2. 5 Mc/ s were measured on 
board the “Soya" in the course from Tokyo to Antarctica. 
Results obtained in the analysis of the measurement are summarized as 
follows: 
(1) Atmospheric radio noise in the daytime which is predominant in the tropi回 l
region and near South Africa corresponds well to・ the meteorological situation. 
(2) Intensities of atmospheric radio noise measured agree well with the values 
measured at the・ fixed stations (Singapore and Pretoria) and w'ith wliat was pre~ 
aicted in Report No: 65 of C.C.I.R. except a few points. 
(3) Characteristics of the atmospheric radio noise were examined in connection 
with the solar zenith angle and the latitude. It is found that both the feature 
of diurnal variation and the relation between absorption and solar zenith angle 
change clearly with the latitude. 
(4) Decrease of the intensity at midnight towards the south from about 32。S 旬
、greaterthan that of the intensity calculated only by the distance (the so-called 
unabosorbed field intensity) and smaller than what was predicted by Report No. 65. 

(5) Atmospheric .radio noise recorded is classified into two kinds by taking ac-
count of the meteorological situation, its diurnal variation, the absorption with 
distnace, etc. The ’first is the “local noise" generated by meteorological turbu・ 
lence in rather shart distances and the second is the “distant noise" which orig・ 
inates in long distances and arrives at the receiver through the ionosphere. 
(6) Abnormal enhancement of the atmosheric noise was seen when the ship entered 
the rain shower, while the noise fell down to zero level with a flash of lightning 
and then it rose up exponentially with the time constant of the order of 1 minute. 
These facts seem to suggest the mechanism of the atmospheric radio noise origi-
nating in the rain shower. In other words, the precipitation noise by rain shower 
emerges in the presence of both the rain drop and the static field between the 

earth and the cell of charge4 clouds. 

1. Introduction 

The C.C.I.R. recommendsc0 that new and su伍cientdata o.f atmospheric 

radio noise throughout the world to justify any further revision of ・ Repod: No. 
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65<2> should be accumulated and made available. For this purpose, the mea-
surement of atmospheric radio noise was made in the oceanic areas on the fifth 
Japanese Antarctic Research Expedition. 
Another purpose of the measurement is to get the mechanism generating 
the atmospheric radio noise associated with the meteorological situation. 
It was suggested by Dowden<a> (1957) and Brice＜的（1958)that the diurnal 
variation of short range echo回｛的 onthe ionospheric recorder would he dute to 
the instrumental cause resulting from the diurnal variation in intensity of the 
atmospheric noise. In this sense, it is the third purpose of our measurement to 
confirm the diurnal variation of atmospheric noise with respect to the short 
range echoes. This will be described, however, on another occasion, in any 
appropriate paper on the short range配 hoes.
This paper describes the experimental results and some analyses of the 
atmospheric radio noise on 2. 5 Mc/s over the route from Tokyo to Syowa Base 
in Antarctica. 

2. Measuremenia 

Continuous recordings of the atmospheric radio noise were carried out on 
board the “Soya”from the 16th of November, 1960, through the 15th of 
January, 1961, in the outward course to Antarctica as indicated in Fig. 1. 
The receiver and the antenna used and some details of the apparatus are 
given in Table 1. 

Table 1. Details of the Receiving Apparatus. 

Receiving Antenna 
Receiver 

Receiving Fri句uency
I.F. Bandwidth 

Time Constant of 
Detector 
Recorder 

Running Speed of 
Recording Paper 

8 m high vertical grounded 

HF field intensity meter 

2497, 5 kc Is locked by crystal 

550c/s at 6 db down 

approximately 0. 1 msec. 

approximately 500 msec. 

12αn /hr 

The frequency of the receiver was艶twithin the guard band of the stand-
ard frequency wave on 2. 5 Mc/s in order to reduce interference by undesired 
signals. 

Miscellan印 uscharacteristics of the receiving apparatus including the gain 
of antenna were measured in advance of the departure, and the calibration of 
overall gain of the apparatus was made on the voyage every day. 
R配ordsobtainedγere divided into 5・minuteintervals in which as an inte.n-
sity of atmospheric .noise was ta.~en the upper level of the pa山 meai:eddensely 
with ink on the contmuous r配ordmgpaper. Intensities of the atmospheric noise 
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30・w15・0・15° 30'-45"－町一75•E 90" 105・120・ 邸・

Fig. 1. Track chart of the Soya. 

（一一 outward,.. . .. homeward) 

used in the analysis below are the representative values of every 30 minutes and 
they correspond to the median value of six 5--minute intensities. For the sake 
of comparison with Report No. 65, these intensities for a bandwidth of 550 c/s 
were converted into the values for a bandwidth of 1 kc/s. 
When there are s田non the record several impuls田 ofthe atmospheric noise 
exceeding approximately 20 db over the intensities smeared densely on the re-
cording paper at 5-minute intervals, the descriptive symbol P is attached to the 
intensity of atmospheric noise. 
The time used in the analysis is the local time (the ship time corrected 
once a day). 
It will easily be recognized in the following paragraph 3. 1 that, as a whole, 
the intensities of atmospheric noise reduced ftom the r配ordingpaper and cal-
culated for a bandwidth of 1 kc/s are in good agreement with the values obtained 
from the available noise power，凡， asin Report No. 65. 
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3. Resul包 ofMeasurement and Their Analyses 

3. 1. Comparison of intensities of atmospheric n~ise measured with those pre・
dieted in Report No. 65 and measured at tw。ιxed・stations
In order to know the difference between the intensities of atmospheric noise 
reduced from our rec9rqs and the available noise pρwer. which is used in reports 
or papers on the atmospheric radio noise, the available noise power on 2. 5 Mc/s 
predicted in Report No. 65 and the intensities measured at Singapore and Pre-
toria stations were converted into the noise intensities in 1 kc/s bandwidth, and 
were compared with the values measured on board the “Soya”. The predic-
tions of atmospheric noise .in Report No. 65 are divided into four seasons, that 
is, spring (Mar., Apr., May), summer (June, July, Aug：），、autumn(Sept., Oct., 
Nov.) and winter (Dec., Jan., Feb.), and are subdivided into six parts of four 
hours each，士hatis, {00 h--04 h), (04 h--08h), (08 h-12 h), (12 h-16 h), (16 h-20 h) and 
(20 h-24 h) in local time. 

Therefore, the noise intensities measured、・faa month from the 15 th of No-
vember through the 15th of December were coi:n~ared with the mean values of 
autumn and winter in Report No. 65. The noise intensitieミmeasuredwere aver-
aged every 4 hours in time and every 5° in latitude. Fig. 2 shpws variations 
in the intensity 0£ atmospheric noise with latitudes in comparison with the mea-
sured and predicted intensities. In the figure, the solid and dashed lines indicate 
the measured and predicted intensities, respectively, and the hatched portion 
means the averaged level on which the values below the minimum receiving 
intensity are included. 

As seen easily from the figure, the intensities measured agree rather well 
with the values predicted in Report No. 65, except. two regions described below. 
The measured value is 15-25 db higher in the region of about 2.1°N in the fig-
ures of (08 h-12 h) and (12 h-16 h), and 6-10 db higher in high latitudes over 35。s
in the figures of (20 h-24 h) and (00 h:・・04 h) than the predicted values. The cause 
of these discrepancies with the predicted values will be interpreted in paragraphs 
3.2 and 3.4. 

The intensities of atmospheric noise measured we1"e,. also. compa1;ed with 
those at Singapore Station (1. 3°N, 103. 8。E)and Pretoria Station (25. 8。S,.28.~0E)
which are situated・ near the course of our voyage. The noise intensi司esi6'at 
each station are given in monthly median values. Intercomparison of the dim:-
nal variations in noise intensity is shown in Fig. 3 in which Fig. 3-,-a and. Fig. 
3 -b show叶1e‘comparisonof intensities measured from 10。Nto the equator with 
tho田．此Singapore~and of intensities measured from 20°$: to 30~S with those・ at 
P児totia,respectively. It will be recognized from the figures that these 
intensities agree :well ・with each other, if it is. possibly, assumed that the dis-
crepancy by night in Fig. 3-b may be due to the distance between Pretoria and 
the course .of the ship. ’.'•· 

C~>nsequently, it is concluded・ that the intensities of, atmospheric noise re-
duced from our measurement are reliable for purposes of co釦parisonwith,the 
available nosie power in other literature. ・ ・・ J
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Fig. 2. Compari鈎nbetween the average intensity by mea:sur.ement and the 
value by Report No. 65 every 5。oflatitu'de. 
←－ Measured value，ー－--Report No. 65) 

3. 2. Variation of atmospheric radio noise with the meteorological situa針。n

The average intensities of atmospheric noise measured were compared with 
the metecirologica:l data along the course concerning pressure, temperature, 
vapour pressure, amount of clouds and・ rain, rain an:d snow ・shower;・ and・ thunder 
in the same interval. 
These are showri in Fig. 4;. Its explanation is as foilows : 
Atmospheric noise intensity ...…Field intensity, E~， ・plotted for each ・4：・houdy
time block along the course; Two curves of a thitk" solid line (08 h-12 h) 
and a thick dashed line (12 h 16 li) in the daytime should be" noted in the 
comparison. 
Pressure, temperature and vapour pressure.…・・Three-hourly,values. 
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(3-a) . (3-b) 
Fig. 3. Diurnal variation of atmospheric noise intensity. 
(3-a）白mparisonbetween the atmospheric noise 
intensity measured （一一） and that at Singa・ 
pore （一一ー Dec.19印）．
(3-b) Comparison between the atmospheric noise 
intensity measured （一一） and that at Pretoria 
（ーーー Dec.1部0).

Amount of clouds and rain ...... Average amount of clouds and the total 
amount of rain during 9 hours centering at noon. The amounts of cumulo-
nimbus and nimbo-stratus closely associated with thunder and rain are shown 
individually. 
Rain and snow shower ...…Presence or absence of rain and snow shower dur-
ing 9 hours centering at noon. 
Thunder ....... lts presence being distinguished by the flash of lightning every 
3 hours all day through. 
It should be noted that the variations of atmospheric noise during the day-
time are greater than those in the nightime. Correspondence of higher inten-
sities of the noise during the daytime to the meteorological situation can 
obviously be seen in the regions of 21。N(the Bashi Channel), 5°N (the Malay 
Peninsula), 25。S(Southern Madagascar) and認。S(Southern Coast of Afri回）. It 
is common. in these regions without exception that pressure is low or on the 
decr伺関， vapourpressure exceeds at least 25 mb, and the average amount of 
clouds reaches a high level accompanied by rain or snow shower or thunder. 
In higher latitudes .than 35。S,however, a large ,amou,nt of clouds are often 
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observed, nevertheless, no increase of atmospheric noise can be seen during the 
daytime. It seems to be certain that the development of cumulo-nimbus or . 
nimbo-stratus can be prevented according to the decrease of temperature and 

vapour pressure. 
The variation of atmospheric noise in lower latitudes at night is within 14 
db and lower than that during the daytime, although the regions where the 
noise intensity is high during the daytime correspond also to those with a high 
level at night. However, the intensity at night in higher latitudes shows a tend-
ency to gradual decrease. 
From the facts mentioned above, the following conclusions may be derived : 
The high intensities of atmospheric noise in the daytime closely associated with 
the meteorological situation are considered to be caused by the “local noise" 
which arises from the source of noise near the receiver. The source of noise 
would be identified with the inter-cloud discharge, a thunderbolt, precipitation 
noise by raindrops, etc.げ｝

3. 3. Latitudinal characteristics of the noise intensity 

Fig. 5 shows the mean diurnal variation of the intensity of atmospheric 
noise at various latitudes. In this figure, the noise mtensity begins to decrease 
gradually at sunrise and reaches the minimum at noon and then increases to 
higher levels at night. These diurnal variations of the intensity dependent on 
the solar zenith angle are shown in Fig. 6 against cos X in logarithmic scale on 
the abscissa. It may be seen from the figure that the noise intensities in the 
afternoon at 15 h 30 m (cosχ＝0. 5) and 14 h 00 m (cos X=O. 73) at 5°N, and at 
14h 00 m (cosχ＝0. 85) and 16 h 00 m (cos X=O. 8町atthe latitudes of 25。Sand 
35。Sare higher than those in the morning. In other words, the “local noise” 
described in the preceding paragraph has higher frequency of occurrence in the 
afternoon at the latitudes of 5°N, 25。Sand 35°S. This will also be approved by 
the fact that the occurrence frequency of a thunderstorm is high in the afternoon. 
The solar control of noise intensity was examined by the data in the morn-
ing, ignoring the “local noise" in the afternoon described above. 
If the absorption of atmospheric noise is considered to follow the equation : 

I'=A(cosχ）鑓 (1) 

the absorption coefficient, A, and the exponent, n, are shwon in Fig. 7 against 
the geographical latitude, where r was deduced from the noise intensity at 
night. The variation of n and A with the latitude in the figure agrees roughly 
with the characteristics obtained from the data of absorption measurements at 
vertical incidence of pulsec町．

3. 4. Distance characteristics of the noise intensity at night 

The noise intensity at night shown in Fig. 4 decreases towards high lati-
tudes. This tendency is also seen in Report No. 65. The distance characteristics 
towards the south were considered on the assumption that the noise source is 
near the region of South Africa, because the noise intensity in the region at 
night is very stable (within土1.5 db) and intense. 
The noise intensities measured are plotted in Fig・＇；8 against the distance 
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Measured values, 
Unabsorbed field intensity including the absorption at night, 
Unabsorbed field intensity, 

一・－ Field intensity predicted in Report No. 65. 

from 32。Stowards the south along the course. For comparison in the figure 
are drawn the unabsorbed field intensity00J by a solid line, the field intensity 
including the "night absorption”＜11> by a dashed line, and the predicted intensity 
in Report No. 65 by a dash-dot line. It may easily be recognized that the 
measured intensities marked by dots agree closely with the dashed line, the 
field intensity including the “night absorption”． 
It is concluded that field intensity over the ldistance from 32。Sto 70。Sis 
explained on the assumption that the noise source is near South Africa and the 
atmospheric radio noise does not originate in a high littitude, but propagates 
from the region of lower latitudes. Furthermore, it is of importance that the 
noise intensity predicted in Report No. 65 is lower in high latitudes than what 
was measured. 

3. 5. Precipitation noise accompanied by a rain shower 

Noise enhancement was often observed at the same time with a rain shower 
in the tropical region as shown in Fig. 9. The radio noise increased when the 
ship entered a rain shower, and this enhancement of noise in the shower was 
sometimes interrupted by an abrupt fall to the background level at the same 
time with the lightning dischatge observed. This is apparently confirmed to be 
the precipitation noise accompanied by a rain shower. The relations of the 
number of times of occurrence with tl~e duration (T) and with the maximum 
intensity (E，”（max)) are shown in Figs. 10 a and 10-b, respectively, from 30 ex-
amples obtained. Although the duration (T) corresponds to the time of passing 
through the rain cloud, the duration of the order of several minutes as obtained 
from Fig. 10-a does not mean the dimension of the cell of rain clot:d, because 
the relative direction of the movement of the cloud to the ship can not be 
known. Fig. 10・bshows that the maximum amplitude of noise in the shower 
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is within about 10 db at its maximum. 

The build-up form of the precipitation noise was examined as follows: 

E=Eo(l-e一千） ( 2) 

where E is the noise intensity at the time t and τis the equivalent time con-
stant of the noise source. 

When the equation (2) is transformed with r巴specttoτ， 
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Fig. 10. Characteristics of noise by rain shower. 
(10-a) Relation between the duration and the 
number of occurrences. 

(10 b) Relation between E昂（max)and the 
number of occurrences. 

E… 

7:＝扇-m，ー1) ( 3) 

where E, and Ez are the noise intensity at t1 and t2 respectively. Therefore，τ 
is represented by the gradient of the line in Fig. 11 with (Ez/E,-1)-1 on the 
ordinate by logarithmic scale and with t, on the abscissa. 
It is obvious that the reduced intensities plotted by dots in Fig. 11 follow 
the straight lines; in other words, the precipitation noise increases exponentially. 
The number of times of occurrence of r is shown in Fig. 12. 
It is concluded that the precipitation noise by a rain shower originates in 
the presence of both raindrops and the static field between the earth and clouds, 
and, furthermore, the noise ・source has apparently the time constant of about 
1 minute. 

4. Concluding Remarks 

The measurement was made for only two months from November through 
January. Hence, the conclusions on comparison with Report No. 65 may be 
applied to at least the winter months (December, January and February). Further 
observations are needed to know the world-wide distribution of atmospheric 



306 K. Ishizawa, N. Wakai, S. Hasegawa and N. Kawajiri 

’b
a
a
－－の，
L

20,i·~0~19b0.τ＝おd

4 

60 80 100 

20tl No11. I 960 
l{,:07 1=50J 

4 

60 80 100 
20t( Nov.,1960 • 
1&:13 ・7=554

2 

I 0ー扇面 60 80 100 

I 214* ~0\!.1960 

t "Z=2 ol 

、 • t ＿＿＿.，..イデ十， E 目

t戸、、’I 'O ICI iO 10 00 

~：· 
1o 20 40 60 BO 100 

I 214 6~°52'900 = m,s.s 

（［ノ．
4ト lぷ D叫ん τ＂＂＇211/

~.kイイプ 1
4卜 15U.0関960"Z=6耳r'

21.dt No1t.1960・ , 
0&:27 1=1mo3• 

2 

（レrお」
~ ~ /tloY討960~＝40' 

! ~ 15.d. ~.句19,
4ト oa・:s8 

2メィイ，．
' 20 40 60 80 100 
~ r 1s叫oe.c.悦o"l=I吋o'
4「 09;03

20 40 60 80 /00 
IS'(j Dec 1960 m .4 
OB :39 ?=3 IO 

2 

4 

2 

20 40 60 80 /00 /20』40

/5dDec.,/960 7=6向＇2f
09: 26 

2 

』40

Fig. 11. Relation between (E2/E1-1)-1 and t1. 

noise in中eareas unexplored yet, including the Bashi Channel and high latitu-
dinal regions. 

It should be noticed that the precipitation noise by blizzard<m (snow-storm) 
and the emission of radio noise from an aurora play an important role in high 
latitudes, especially in the local winter. 

The diurnal variation of atmospheric noise in low latitudes fshows that the 
change of noise intensity reaches about 30 db within a few hours after sunrise 
and before sunset. Nevertheless, Report No. 65 gives only an intensity in a 



Measurement of Atmospheric Radio Noise on 2. 5 Mc/ s 

12 

VI II 
UJ ·~ 

i ：~ 
87 
6 

~ 5 

!l 
0o I 2 3 4 S 6 7 B 

τ C minutes> 

Fig. 12. Number of times of occuη・ence of -r. 

307 

4-hour time block. It seems clear that the precise feature of the diurnal varia・ 
tion of atmospheric noise伺 nnot be obtained from these six intensities a day. 
Therefore, it may be recommeded that the noise intensity should be given at 
least every two hours. 
It has been suggested that the raindrops polarized by the electro-static field 
between the earth and the cell of charged clouds bombard the receiving antenna 
with atmospheric noises. This is supported by the fact that the precipitation 
noise was observed only when the ship entered a rain shower and that the noise 
intensity decreased instantaneously with the lightning discharge and then was 
followed by the exponential incr阻 se.
It is hoped that the generating mechanism of atmospheric noise would be 
clarified in detail by the observation of electro-static field in the air and the 
direct measurement of the charge of raindrops. 
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