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ABSTRACT 

The results of the ionospheric absorption measurements at Kokubunji (35°42. 4'N, 
139°29. 3'E) by the pulse reflection method are analysed by the use of the data 
obtained in the three ranges of frequency (2.4 Mc/s, 2.8-3.0 Mc/s, and 4.2-4.8 Mc/s) 
for the period from January 1958 to February 1959. A radio wave absorption 
suffering from the D-region was deduced from the observational data of total ab-
sorption. For this purpose the absorption in the E-layer was calculated on the 
assumption of simple Chapman distribution of electron density. 
Furthermore, a study was made of the reason why the total value of the ab-
sorption is not proportional to (f+/L)-2, where f and fL are the wave frequency 
and the component of the gyro-frequency along the positive direction of propa-
gation, respectively. 

An investigation was also made of the deviative absorption in the F-layer. 
Diurnal variation in characteristic of the absorption values in the D-region 
was studied and it was found that the dependence of coss12 X law holds in the 
morning, where χis the solar zenith angle. 

1. Introduction 

The data of the ionospheric absorption measurement are classified into the 
non-deviative absorption in the D-region and the deviative absorption in the E-

layer, when the waves are reflected from the E-layer, or into the non-deviative 

absorption in the D-and £-regions and the deviative absorption in the F-layer, 
when the waves are reflected from the F-layer. The main purpose of the iono-

spheric absorption measurement is to get the information on the ionization in the 
D-region, but it is difficult to distinguish the non-deviative absorption in the D-

region from others, because it is much influenced by the occurrence of the E. 
layer and the earth’s magnetic field. So it remains unsolved how to use the data 
to get the necessary information about the D・region ionization. 

The author attacked this problem by using the data obtained at Kokubunji on 

the three frequencies for the period of January 1958 to February 1959, and some 

principles are suggested for the use of the data. 
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2. Some Introductory Theories 

The absorption of radio wav白 inthe ionosphere depends upon the collision 
loss of energy of vibrating electrons with other particles in the pr田enceof the 
electric field, and the rate of loss is proportional to the following quantities : 
(1) Electron density, 
(2) Electron collision frequency per unit volume per unit time, and 
(3) The reciprocal refractive index which is proportional to the duration of 
passage of the wave. 
The fundamental index in calculating the absorption values is the coe伍cient

tc per unit length along the wave path. In the pr回enceof the earth’s magnetic 
field a radio wave propagating through the ionosphere is separated into two in-
dependent component, the ordinary and the extraordinary waves, and according to 
the magneto-ionic theory developed by Appleton＜口 andHartree<2l, the complex 
index of refraction follows the next equation. The ordinary and extraordinary 
components correspond to the signs+and-r白pectivelyin the following : 

( 2 うμ f空豆一一1- Y 2 I 
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where μ : refractive index, 
正： absorptioncoefficient per unit path length, 
c: light velocity in vacuo, 
w : angular frequency in Mc/s. 

The symbols mean the same as in Appleton’s paper.<ll For the wave in the 
high frequency band on condition that ω＞ν，the relation Z《1-x is generally 
realized in regions above the height of the E-layer. Except in the neighborhood 

of the reflection point, if the relation μ》fιisproperly assumed, μ and tc in 
α， 

equation (1) can be expressed as follows : 
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Equations （勾and(3) and the parameters Qi and Q2 were introd配 edby White-
head<3> and they are very useful for calculation of the absorption. Equation (3) 

can not be used in the vicinity of the reflection point, because the relation μ》fι
α， 

fails to hold there, but the total value of absorption integrated throughout the 
pass has an error less than 5% only. 

唱 Whenit is allowed to neglect the influence of the earth’s magnetic field, μ 
and " are expressed by the following well-known equations (see for example re-
ference (4)): 

tc＝~ ＿！二~＝ゴ－~1
2c μ 2c πmf2 μ 

where N: electron density, 
e: charge of electrons (e.s.u.), 
m : mass of electrons ; 
f: wave frequency, 

(4) 

(5) 

ν：mean collision frequency of electrons with other particles of gas 
per umt time. 

3. E貸ectiveCollision Frequency of Electrons 

Although many attempts were made theoretically or experimentally to obtain 
the e妊ectivecollision frequency at various heights, certain values are not yet 
known. 
The main experimental methods of measurement of collision frequencies will 
use (i) the phenomenon of interaction of radio wav田 or(ii) the measurement of 
refraction coefficient and hにfcurves. Another method is based on the measure-
ment of the ionospheric absorption, but in this case the values are the product of 
the collision frequency and the scale height. The values obtained experimentally 
from these measurements are plotted in Fig. 1. Now, we will attempt to group 
the values in Fig. 1 according to the methods by which those values were obtain-
ed. The values by Fejer<≫ were obtained by the first method mentioned above 
and they are almost in agreement with the results obtained by Crompton, et al. csi 
who calculated the collision frequencies with the empirical formula deduced from 
their laboratory experiments, applying the pressure value given by rockets by 
Havens, Koll and LaGow. Furthermore, we can see in Fig. 1 that the values 
given by Schaw0】afterthe first method are in agreement with the results by 
others. Thus, we will use these values for a height below 90 km. 
On the other hand, at a height above 100 km, the measured values can be 
obtained mainly by the second method, although a part of the values due to 
Briggs【5>were obtained from the reflection coe伍cientof the E. layer which was 
assumed as the thin horizontally-stratified layer. Schlapp’s valu回＜9H10>obtained 
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Fig. 1. Collision frequency of electrons at various heights 

by the apparatus due to Briggs山 lunder the second method are useful since the 
height for each value is indicated by the true height. As to the F-region, many 
experiments have been made since Appleton’s m回 surement'12lin the year 1935, 
and it is believed that at a height of 250 km the collision frequency is less than 
3×103, although the exact value is still unknown. 

Nicole＇山cu)deduced empirical formulae from the laboratory work in 1953 
and 1958 and it is concluded that the values given by the first method are con-
sistent with the value obtained by his empirical formula above the 85 km level, if 
we use the formula obtained in 1958 rather than the one obtained in 1953. In Fig. 
1, the three linear lines are drawn for heights below 100 km, of 100-130 km, and 
above 130 km, to fit with the observational point for each region. Although the 
m回suredvalues are scattered over heights of 100-130 km, the line is drawn on 
the basis of values obtained by Schlapp in 1955, so that it may continue to the 
line in the region below 100 km. 

A brief discussion will be added on the relationship between the mean col-
lision frequency and the component of the air. Crompton, et al. cal considered that 
the molecular nitrogen would play an important role in the mean collision fre-
quency, and NicoletC18l【14lgave the same conclusion, but he also recognized the 
contribution from the molecular oxygen. Their result agrees with the measured 
values below the 100 km level where the molecular oxygen and nitrogen do not 
dissociate into atoms. But, above the 100 km level, the measured values are 
usually higher than those calculated from their empirical formulae, and at the 
F-regional level the result of calculation does not explain the collision frequency 
at all. In this case 1t is supposed that atomic oxygen will play an important 
role0ペbutit may be rather di伍cultto find out the amount of contribution from 
the atomic oxygen on the collision frequency, and, therefore, the relationship be-
tween the collision frequency and the component of the air can not be determined. 
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4. Electron Density Distribution 

The information on electron density distribution in the normal E-layer was 
obtained by ionosonde. It is known that the electron density of the E-layer shows 
the diurnal variation proportional to、lcosxduring the daytime as the first ap-
proximation, and the electron density distribution with a true height well ap-
proximates the Chapman function in regions below the height of the maximum 
electron density, particularly where the electron density has a small value. 
In the upper part of the layer observed by rockets recently, the electron dis-
tribution is fairly complicated, as shown in the examples of the distribution ob-
tained at White Sands（附， Ft.Churchill（口land Akita, (ts) Japan, respectively. The 

ionospheric absorption, however, occurs mainly in the lower part of the layer, 
and the error would be slight if we calculate the absorption on the assumption of 
Chapman’s electron density distribution. Another important information on 
these measurements is the height of maximum electron density which exists at 
about 105-110 km in the daytime. The height of maximum electron density in 
these measurements is not constant in the daytime, and it may be di伍cultto ob-
tain more precise information about the height by the recent rocket techniques. 
Since the change in height of the maximum electron density with the solar zenith 
angle is very small during the daytime in summer05l, the height of maximum 
electron density when cos X=l will be estimated at approximately 107 km as 
average. 
If it is assumed that the E-layer is produced according to the Chapman theory, 
the formation of the layer will be under the proc田sof absorption of the solar 
radiation by the air component (molecular oxygen) as studied, for example, by 
Watanabe, et al. 09l and the decay process will be under action of recombination. 
On this assumption, the electron density distribution of the E-layer will depend 
upon the density of molecular oxygen, whose distribution depends upon the scale 
height for molecular oxygen. Some considerations from this point of view will 
be given later again. 

5. Influence of the 払 Layer

At night when the normal E-and D-layers disappear, the re自民tionand trans-
mission coe伍dentsof the E.-layer in the high frequency band can be measured, 
and the reflection coefficient is sometimes nearly unity, but very small at some 

other times. 
Generally speaking, the relation between foE. and the reflection coe伍cientis 
not clear. Then, it is di伍cultto clarify the e任ectof the E,-layer on the absorp-
tion value, particularly in the daytime when the E,-layer is embedded in the 

normal E-layer. 
Bibl, et al. (zoi studied this problem and calculated the chart of absorption in 
the E-layer by using parameters such as foE, cusp frequency f,, and wave fre-
quency f. In this calculation the deviative absorption in the E-layer is integrated 
below the E. layer on the assumption of the parabolic density distribution of the 
normal E-layer, but the effect of the reflection coe伍cientof the E.-layer is 
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neglected. 
The author tried to clarify the effect of the E.-layer on the absorption value 
measured at Kokubunji. Actually, the relation of the absorption values to h’E. 
and types of E. at each time was studied, but it was di伍cultto find out the dis-
tinct relation between them. Perhaps this will be due to lack of record of the 
lower part of frequency on ionogram and lack of knowledge of the structure of 

the E.-layer. 
Besides, the author tried to clarify the effect of the E.-layer on the absorption 
value measured at Freiburg＜剖＞ on the four frequencies, 1. 725 Mc/s, 2. 05 Mc/s, 

2. 44 Mc/s and 2. 90 Mc/s. Although the statistics of occurrence of the ι－layer at 
Freiburg are different from those at Kokubunji, analogous information may be 

obtained from the analysis of data at Freiburg, since Kokubunji and Freiburg are 

not appreciably different from each other in latitudes. 

Tables 1 to 3 show L at noon measured at Freiburg in the selected months 
in which the number of days having the E-layer reflected echo and the E,-layer 

児島ctedecho is not much different and each group of days is not concentrated in 

any part of the month. Table 2 is constructed of the data on the E-layer reflected 

echo only and Table 3 is of those from the E.-layer, while Table 1 is of those 

from both the E-and E.-layers. The amount of contribution from the E.-layer 

may be obtained from these tables by analyzing the data as follows : 

Table 4 was made up by subtracting the values on Table 3 from the corres-

ponding values on Table 1. Table 5 was made up by the values of difference 

between Tables 3 and 2 in the same way. On examination of the values in Table 

4 it my be said that the difference is the smallest and about 2. 5 db on the fre-

quency 2. 44 Mc/s and it becomes larger as the frequency increases. The values 

in Table 5 will bring about similar conclusions and the difference is about 4 db. 

On the above-mentioned analysis, the effect of the E.-layer may be said to be the 
smallest on the frequency 2. 4 Mc/s at Kokubunji. 

When the frequency of wave reflected from the F-region is used, both the E. 

and F reflection coe伍cientcan be measured in the existence of the E,-layer, and 

by comparison of the values of reflection coefficient we can find whether the E.-

layer masks the F-layer completely or not. Absorption values of waves on 4. 8 

Mc/s are shown in Table 6 for the period of 3 months. Of course, the absorption 

value changes daily with the solar activity, but the median values for the period 

of 3 months will be useful for comparison. In this table we can see that the 
value obtained from the F-layer echo is 5 db larger than that from the E,-layer 

echo, and it should be noted that the difference is the summation of the non-

deviative absorption in the E-layer above the E.・layerlevel and the deviative ab-

sorption in the F-layer, because the reflection coe伍cientof the ι－ layer will be 
nearly unity when the E.-layer masks the F-layer. 
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Table 1. Median value of L at noon obtained from the E-and E8-layer reflected 
echo over Freiburg (Except the value of B) 

1. 725仰哨） I 2. 05 (Mc/s) I 2“（M桝 I 2叩（M吋

Median I Median I Median I Median I Median I Median I Median I Median 
I value I I value I I value I I value 

Count I (db) I Count I (db) I Count ¥ (db) ¥ Count ¥ (db} 
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Table 2. Median value of L at noon obtained from the E-layer reflected 
echo over Freiburg (Except the value of B) 

I 1. 725附 ｜ 2回向） ｜三竺竺！と 1 2 伺（~c/s)
Median I Median I Median I Median I Median I Median I Medirn I Median 
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Table 3. Median value of L at noon obtained from the E,-layer reflected echo 
over Freib岨rg(Except the value of B) 

1. 725附 s) I 2回附s) I 2. 44 (Mc/s) I 2卯（Mc/s)

Median I Median I Median I Median I Median I Median I Median I Me~ian 
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Table 4. Value of difference between L on Table 1 and L on Table 3. 

1. 725 (Mc/s) 2. 05 (Mc/s) 2. 44 (Mc/s) 2. 90 (Mc/s) 

March 1958 
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1 

Table 5. Value of differenαbetween L on Table 2 and L on Table 3. 

1. 725 (Mc)s) 2. 05 (Mc/s) 2. 44 (Mc/s) 2. 90 (Mc/s) 

March 1958 

April 

Oct. 

8. 1 

-1 

8.2 

7.5 

7.5 

6.3 

3.9 

1.5 

3.3 

9.0 

3.8 

10.8 

Feb. 1959 4.4 

3.6 

6.6 

5. 7 

8.0 

5.6 

10.9 

6. 1 April 

Table 6. Absorption values of radio waves reflected from the 

E.-or F-layer on the frequency 4. 8 Mc/s 

AT noon 

E, F 

Date I Median value （品） [ Median co叫 iMedian value 付b)I Median coun 
May 1958 22 17 27 9 

June 28 17 32 3 

July 25.5 18 30 1 

Total 25 52 30 13 
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cosX=0.5泊 themorning 

E. F 

Date Median value （品）瓦…ー叩ntI Median叫田（品）－ I Median count 

May 1958 

June 

July 

Total 

9 9 13 

3 7 16 

13. 5 8 17 

10.5 24 15.5 

6. Influence of the Earth’s Magnetic Field 

9 

11 

8 

20 

At Kokubunji the gyro-frequency is f 11= 1. 23 Mc/s at a height of 100 km above 
sea-level, and the angle between the direction of the earth’s field and the direction 
of propagation is 0=41° 16'. Therefore, the ionospheric absorption is calculated 
by equation (3) using these numerical values. 
We first calculate the absorption in the E-layer, and by subtracting it from 
the total absorption value we may obtain the absorption in the D-region. In this 
calculation the model of Chapman distribution of electron density is used. 
Neglecting the in包uenceof the earth’s magnetic field, Jaeger<22> calculated the 
total absorption in the case of deviative or of non-deviative absorption, and the 
result was tabulated. In his calculation the mean collision frequency distribution 
vs. the hight is given in the form of vve-•, where z is the reduced height in terms 
of constant scale height H. The scale height is evaluated on the basis of rocket data 
by many workers. For instance, Yonezawa＜剖】 obtainedthe value of 6.7 or lOkm 
in the scale height for a height of 100 or 110 km. 
On the other hand, the scale height at these levels is calculated at 16 km from 
the collision frequency data in Fig. 1, and this is much less than what was given 
by the rocket measurements. As mentioned above, in the region below 100 km 
where the composition of the air is very similar to the air on the ground, the 
empirical formulae deduced from the laboratory experiments give the value of 
collision frequency in good agreement with the observational values as indicated 
in Fig. l, while in regions above 100 km, it will be di伍cultto deduce the collision 
frequency from the composition of gas, since there is a difference between the 
value in the laboratory work and the observational value. 
In Chapman’s theory a scale height should be taken as that for 02 in the E-
layer as mentioned in section 4, and it may be 7 km at a height of 107 km as was 
calculated by Yonezawa and the mean collision fre~uency will by smaller in the 
lower part of the E-layer if we take the scale height of 7 km in the function 
v0e-•. Therefore, it may naturally be supposed that the total absorption calculated 
by Jaeger’S Table will be larger than the actual one, since the absorption may 
occur mainly in the lower part of-ionosphere where Z<O, particularly in case of 
deviate absorption. Figs. 2 and 3 show the ir./vaーZcurves for non-deviative and 
deviative absorptions, respectively. 
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at Kokubunji. The full line shows the absorption when the earth’s 
magnetic field is neglected. In regions above the reflection height, 

Z= -1. 52, the value of " lν。iszero. 
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It may be important to compare the present result of v,,H which is the pro-
duct of 3. 2×lO's配寸叩d7 km with v.H obtained by Whitehead cu> from the ab-
sorption value of the reflected配hofrom the E-layer, that is, 

ν。H=(l.9±0.1）×105 km/sec. 

白ithe other hand, the result of the present study gives 

ν＇olf=2.24×l05km/sec. 

(6) 

(7) 

Both values do not differ greatly from each other and the difference may be・
come less if we consider that Whitehead’s value was obtained from the absorption 
in the lower part of the E-layer on the frequency 2 or 2. 4 Mc/s, so giving a 
smaller value of H in equation (6). 

When we. consider the influence of the earth’s magnetic field, " in equation 
(3) should be integrated instead of equation （町. However, it may be difficult to 
tabulate generally the result, because the absorption is a complicated function of 
fn, 0, f；βE, sec χin this case. In Fig. 4, the values of absorption at Kokubunji 
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Fig. 4. Calculated values of L in Chapman layer at Kokubunji. 
The full line shows the absorption when the earth’s magnetic 
field is neglected and the broken line shows it in consideration 
of the presence of the field. 
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Un=l. 23 Mc/s，。＝41.3°) are shown for the period of sunspot maximum in two 
cases of secχ＝1, f0E=4 Mc/s and sec X=2, f0E=3. 4 Mc/s. These two values of 
fvE are taken reasonably to correspond to the value ofχin each case.キ The

effect of the earth’s magnetic field appearing in Fig. 4 is summarized as follows. 
The total absorption is generally smaller with the earth’s magnetic企eldthan 
without it, and the reduction ratio will be given as 0. 725 without a gross error 

in the case of non-deviative absorption and as 0. 9 in the case of deviative absorp-

hon. 
Thus, the author will give the approximate values of absorption with the 

earth’s magnetic field by multiplying the ratio to the absorption values obtained 
from Jaeger’s table hereinafter. 

Table 7. Absorption value on 2. 4 Mc/s at noon (Kokubunji) 

including the e任ect di任erence

I s.～刷…rth'' I g"' of L c sec X I magnet叩 fro

I I L2E~~）g.) • (Mc/s) (db) (db) (db) 

1958 I Jan. 17.4 17.3 23.4 
Feb. ' 3.85 21. 1 37 

Mar. I 3. 90 I 25.0 24.0 24.3 
Apr. 4.05 28.2 

May 30.0 45 

June 4.10 30.6 50.5 27.3 22.2 
July 4. 15 30.4 53 

Aug. 4.20 29.0 49 

Sept. 4.05 26.5 50 22.2 21. 8 
Oct. i 3. 85 22.8 38 

Nov. 3.65 18.8 26 
Dec. 3.65 16.5 40 16.6 21. 6 

1959 Jan. 3.80 I 17.4 48 
Feb. 3.80 21. 1 39 

Su伍xes1 and 2 m白 n' non-deviative’and 'deviative’， 

respectively, which D, E and F represent the D・， E-and F-layer, respectively. 

* Deviative absorption values in this自gureare not calculate from equation (3) since errors 
will be fairly large, but from more appropriate other formula whose introduction is given 
in Appendix I. 
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Table 9. Absorption value on 4. 2-4. 8 Mc/s at noon (Kokubunji) 
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Suffixes 1 and 2 mean‘non-deviative’and ' deviative’respectively, 
while D, E and F represent the D-, E・andF-layer, respectively. 
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7. Analysis of the Absorption Value自forThree Frequencies 

As meqtioned in section 5, the radio wave on 2.4 Mc/s is affected by the pre・ 
sence of出eE,.layer to the slightest degree among the three frequencies at Koku-
bunji. If we do not consider the e妊ectof the E.・layer and assume that the ab・ 
sorption of the wave on 2.4 Mc/s in the E-region is only the deviative absorption, 
the non-deviative absorption in the D-region will be obtained as the di任erence
between the total measured absorption and the calculated deviative absorption in 
the E-layer. Now, we can reduce the non-deviative absorption in the D-region on 
the two other frequencies from出aton 2. 4 Mc/s, since it is known that the non-
deviative absorption is theoretically proportional to .(f+fL)-2. 

In Tables 7 to 9 the measured values of absorption L are shown for the three 
frequencies. The ab3orption values in various regions are calculated by the use 
of the above-mentioned non-deviative absorption in the D-region and are included 
in the Tables. Lw and L1E repr白 entthe non-deviative absorption in the D・ and 
£-regions, respectively, while L21a and L2F repr白entthe deviative absorption in 
the E-and F-regions, respectively. The calculated values are obtained in the two 
cases with and without the earth’s magnetic field. 
On the frequencies 2.8 -3.0 Mc/s, provided that the measured value of absorp-
tion is composed of the deviative absorption in the E-layer and the non-deviative 
absorption in the D・region, the latter should be connected by the （／十h)-2law 
with the non-deviative absorption calculated on 'the wave frequency 2. 4 Mc/s. 
Actually, however, there is a difference of about 3 db between them, and it is 
supposed that the E.・layer a任ectsthe absorption value more remarkably at higher 
frequencies. So it is generally said that the non-deviative absorption deduced on 
lower frequencies gives more precise values. 

On the radio wave reflected from the F-layer on the frequencies 4.2-4.8 Mc/s, 
absorption values are divided into the following three parts, i.e., the non-deviative 
absorption in the D-region, which can be calculated from the value deduced on 
2. 4 Mc/s, the non-deviative absorption in the E-layer, which can be calculated on 
the assumption of Chapman distribution, and the deviative absorption in the F-
layer, which is the r田tof the total absorption. As is seen in Table 9, the devia-
tive absorption in the F-layer is about 2-3 db. 

Further investigation was made theoretically of the deviative absorption in 
the F-layer. The electron density height distribution will be obtained from iono-
grams by the study of N(h) curves and these curves show that the reflecting points 
of the waves on 4. 2-4. 8 Mc/s in the F-layer are usually at a height of one hund-
red and several ten kilometers in the daytime. Examples of N(h) curv白 are
given by many stations<25H26>, and these heights are almost the same as obtained 
by rockets＜問．

In order to calculate the deviative absorption of wav白 reflectedin the F-
layer, it will be better to use the parabolic distribution of electron density in the 
F-layer instead of Chapman’s distribution, since the former gives a simpler dis・ 
tribution than the latter and the semi-thickness of the F-layer can be defined in 
a simple form. Now, assume the electron density Nin the layer in the following 
form: 



where 
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N=3; fc2 (2x-x2) 

x----1!_二~
zd 

h: height in km above sea-level of any point in the layer, 
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(8) 

(9) 

九： heightin km above s回・levelof the lowest point in the layer, 
zd: semi-thickness in km of the layer, 
le: critical frequency of the layer. 

The deviative absorption value of the wave re自民tedin this layer is indicated as 
follows: 

L＝五五A105 (db) (10) 

where νc is the collision frequency at a height of the reflection point and A is 
given by equation (A. 5) in Appendix II. The value of A is illustrated in Fig. 5 
as a function of ρ＝f以

。1.0 1.5 PC＝千c.／の 2.0 

Fig. 5. Values of A as a function of p. 

Universally, by equation (10) and Fig. 5 we can calculate easily the deviative 
absorption L in the layer of the parabolic electron distribution. As examples of 
calculation of the deviative absorption on 4. 2-4. 8 Mc/s (not far from f.E) suffer-
ing from the F-layer in the daytime, on the assumption that the greater part of 
absorption occurs at a height of 160 km, we get the following: 

L= 50×6×108×1. 6=4. 8db 105 '. 
(11 a) 

for the Fi-layer (Zd=50km, Vc=6×108 sec-1 and P=l. 3) and 
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100×6×10s 
L＝ ×0.5=3 db 10• 

for the F2-layer (Zd=lOO km, vc=6×103 sec-1 and ρ＝2). 

(11 b) 

These values are greater than those obtained in Table 4 by lー2db. It may 
be supposed出atthe difference originates in the fact that the deviative absorption 
in the F-layer given in Table 9 is the di任erencebetween the measured total ab-
sorption and the calculated non-deviative absorption in the E-la~er, which will be 
larger th担 theactual value, since in the calculation of absorption in the E-layer 
the collisional frequency will be larger than the actual one as was explained in 

section 6. 
The author reexamined <2n whether the total absorption of the wave reflected 
from the E-and F-layers is proportional to Cf+/£)-2, although it is known<25H29i 
that the Cf+/L)-2 law holds rather well for the total absorption in Central and 
North Europe. However, it was found at Kokubunji that the (f+/L）→ law was 
better than the Cf+/L)-2 law. For the wave reflected from the E-layer, this may 
well be explained by the fact that the deviative absorption reaches about half of 
the total absorption at Kokubunji and that in regions below foE the deviative ab-
sorption increses in value as the frequency increases, although the non-deviative 
absorption rapidly decreases in value according to the Cf－ト/L)-2law. 

8. Diurnal Variation in Lw 

The author already studied the diurnal variation in values of absorption at 
three frequencies over Kokubunji in each season of the IGY<so〕 andobtained the 
result that the value of absorption on 2. 4 Mc/s was proportional to cos X in the 
case of cosχ＞0. 25 in the morning and to cos＂χin the case of cosχ＞0. 2 in the 
afternoon, where n was much smaller than unity. 
In the pr回entstudy, analysis is made of the relation between Lw and cosχ． 
The result is shown as the logarithmic plots of Lw and cosχin Figs. 6 to 9. 
The former two indicate both the measured total values of absorption and Lw in 
some particular months, while the latter two give the plots of Lw only in 2 or 
3 months. In these figures, we can estimate the value of n. The result is that n 
is 1. 53 in Fig. 8 and 1. 20 in Fig. 9 for cosχ＞0. 4. These values are very close 
to 1.5 obtained by, for example, Jaeger＜問 theoreticallyon condition that the wave 
frequency was much larger than the penetration frequency of the layer in the 
simple Chapman distribution. 

9. Electron Density in the D-region Deduced from Lw 

To obtain information on the electron density in the D-region, the author 
deduced Lw from L. Therefore, it was necessary to estimate the electron density 
at Kokubunji. 
From the relation of (5), the value of absorption is expressed as follows: 
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In the case of the non-deviative absorption, μ=l, and if we repr田ent11 by 
the constant value 11" within the layer whose thickness is Zd. and, since the wave 
pass田 throughthe path twice, 

L B. 69 Ne~dzd 
lD= Cπmf"-t-" (db) (13) 

=4.054×10-15×N11"Z" (db): for 2. 4 Mc/s (14) 

νwill be regarded as 108 S配－1at a height of 80 km and 5×10・S配－1at 70km in 
Fig. 1. If we repr自問t11" by the value at 80 km when cosχ＝0. 5 (for example, 
about noon in winter) and by the value at 70 km at noon in spring, summer and 
autumn, Table 10 may be obtained over Kokubunji on the assumption that the 
thickne8s of the layer is 10 km and the electron density distribution is rectangular 
(the same density from the bottom to the topside). Deduction of LlD in th田e
tables shows the same value槌 thatof Lw in the Table 7. Therefore, it can be 
said that the image on the D-layer is given by the author. 

Table 10. Elぽtrondensity in the D-region at Kokubunji on the 
assumption of the layer 10 km in thickness 

cosl'.=0.5, 
Assumed height of the layer : 80 km. 

L1D (db) 

1958 Jan. P色~i:-. 20.5 

Mar. Apr. 14.8 

May-Aug. 10.2 

Sept. Oct. 13.5 

Nov. Dec. 
20.4 

1959 Jan. Feb. 

Noon 
Ass出nedheight of the layer : 70 km. 

1958 Mar. Apr. 

May-July 

Sept. Oct. 

L1D (db) 

24.3 

22.2 

21.8 

N ×108elec./cc 

5.1 

3.7 

2.5 

3.3 

5.0 

N ×108elec./cc 

1. 2 

1.1 

1.1 

The valu田 shownin the tabl田 abovemay be・ compared with those obtained 
by Fejer and Vice<•1> and by Houston附. The former was obtained from the rate 
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of change of integrated differential absorption and the latter from the modified 
Chapman theory of ionization production. Fejer and Vice gave the electron density 
at a height of 80 km as 3×108 elec.jcc when cosχ＝l, and Houston’s value of 
electron density was about 108 elec.jcc when 0. 5ζcosχζ1. The values in Table 
10 are almost the same as the results of studies and when cos Zニ0.5 they are 
higher in winter than in spring and autumn. It may be di伍cultto say that the 
increase depends upon the solar activity. The author thinks<soi that the large 
absorption in winter will depend upon the abnormal partial reflection layer in the 
D-region, and it will not be possible to estimate the electron density from Lw m 

winter. 

10. Conclusions 

The conclusions of the present paper may be summarized as follows : 
(1) The non-deviative absorption values in the D-region calculated from the 
absorption values on 2.4 Mc/s at Kokubunji町efairly reliable, if the E-layer 
is assumed to be of Chapman’s electron density distribution with the scale 
height of H=7km at ho=l07km and vo is assumed as 3.2×10岳 sec1. 

(2) It is believed that for the total absorption of waves reflected from the E-
and F-layers the (/+ fL)→ law is substantiated approximately, but it is 
shown that this can not be applied to wav田 reflectedfrom the E layer, 
since the deviative absorption reaches about half of the total absorption at 
Kokubunji. 
(3) The (f + /£)-2 law can not also be applied to the F layer in the daytime 
when the wave frequency is not far from foE, since the deviative absorp-
tion value of wav白 reflectedfrom the F layer will reach 3-4 db. 
The above two items (2) and (3) will explain the empirical fact in the 
author’s previous paper that the (f十ん）－1 law holds rather well with the 
measured absorption values than the U+fL) -2 law. 
(4) The non-deviative absorption value in the D-region is shown to be in good 
agreement with that calculated from the cos312χlaw in the morning. 

(5) The electron density m the D-region is estimated by Lw at Kokubunji. 

Although further investigation should be made on the structure of the E. layer 
and on the mean collision frequency before arrival at final conclusion, it may be 
said that fairly good explanation of measured absorption values is obtained by the 
present study. 
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APPENDIX I 

In the following equation, 

( 2 ~ μ-U>C 一一一一一-1- y. 2 
－－－－－；；；－ノー l -iZ -_ ____!_Z一一＋，，..／ T 2+ yL2 

2(1-X-iZ）～4(1-X-iZ) 

the same equation as (1) in the main text. 
Assuming Z《1-X,Whitehead<3> got the approximate equation as shown 
below: 

ZKC I X 
μ一ーと＝ヘ／1- '"" 2 [l+Q1YL+iZ日＋2Q2cot2θ）］ 

吋 （l+Q1YL)

We separate this equation into its real and imaginary parts, then 

µ=./1Ji－~＋ /r1_ x '{+z2x可1+2Q2飢 ZめE
吋 2l l+Q1YL ' v〓l+Q1YL ）・ (l+Q1YY一一

E一千J計－1＋百七＇；：＋J(1一τわ＇；：）官宅主義p (A.l) 

These equations訂 eobtained without assumption μ》~. which was assumed 
w 

for equations (2) and (3) in the paper. In Fig. 4 the total deviative absorption 
calculated from (3) will reach 5% and this amount of error is too large to get the 
smooth C町veof L. In the vicinity of the critical frequency of the layer the error 
will become much larger. 

APPENDIX II 

According to Snell’s law, using the symbols as shown in Fig. A.1, 

Fig. A. l 
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(A.均

Using the relation of (5), the total absorption in the ionosphere will be ex-
pr白sedas follows : 

rosin t。＝μ（η＋h)sini. 

rAl -

L=B.69×2 I 一二－.dh
JA本 cosz

fAl 11'/¥Te2 1 dh 
=8.69×I 一一~一一一寸ー

JAキ印m〓μcos i (A.め

If we replace the function N, μ in equation (A. 3) by the relations of (4), (8) and 
(9) using the relation of (A. 2), we get 

(d同

L-8.69p z. ¥"'1 バ1ーは一幼守
一-----C-tt Jo .../ (l-x)2+B-l 

where X1 is the value of x at the refl民tionpoint and 

1－（－一品τsin吋
pz B 

At the reflection point C, cos i=O and JC becomes predominant over the total inte-
gral value, so 11 may be repr白entedby the constant value 11. at the height of the 
refl民tionpoint. 
Then 

L＝~笠Zttva{ 1+2x1-X12 log l+../2X;弓！：：－..；2Xt弓計
--ZC- l 2 l-../2x1-X12 一一 j

At the reflection point μ become 0, then 

仇ーが＝~τ

(A.4) 
”‘ 1+ ！＿＿＿、

L-8.6句p(1＋土Jlog.~－li~ 
ーす支：rt2¥ p2J 出，_ _!_ ρf 

-p 

and 

(A.5) 

Now, if we put 

－一
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A
 

(A.4) b配om回（8)in the paper, and the calculated value of A is shown in Fig. 5. 
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