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§ 1. Introduction,

The lowest frequency of the receivable
wave which is reflected from E-layer, that
* 18 femin, varies regularly with the local time.
According to the statistical study about
the data of 27 months (from Decemher, 1946
to February, 1949); fiaun teaches to its
maximum value at noon and the change of
the wvalues is symmetrical before and after
the noon. Considering that the second kind
of attenuation in E-layer is comparatively
small for such a low frequency and the
absorption of radio wave is mainly due to
the first kind of attenuation in the absorbing
layer which exists in a lower region than
E-layer, the diurnal variation of fimn gives

some suggestive informations concerning
such a layer. In this paper, the possibility

of the existence of such a layer is discussed
under some assumptions.

§ 2. The Obzerved Results.

In Tokyo, the hourly values of fimin have
been observed at the Electrical Communi-
cation Laboratory, the Ministry of Commu-
nications. For each season and throughout
the year, the hourly mean values of fima
taken from the data of the recent 27 months
are given in Table 1 and the diurnal vari-
ation is shown in Fig. 1 and 2. It is notice-
able that the maximum value occurs half or
an hour after the noon and the mode of this

Table 1.
The Hourly Mear_l Values of fiima and A cos tx
- Geason T8.T 8 ( 9 10 | 1 12 .13 i 14 j 15 ] 15 17
- Obsery. 163 | 171 1.78 l 194 | 200 | 204 | 1.84 | 175 J 165 | 154
Winter = - :
Acostx ' | 1.81 [ 206 | 211 | 204 ] 181 | 143 ]
Obsery. ‘ 174 | o192 [ 225 | 248 | 261 | 28l | 242 | 212 | 187 | 163
Kquinox _ ’ .
Aesix 204 | 237 | 257 | 268 | 257 | 237 | 208 | 1s8 |
Observ., 187 | 228 | 288 | 323 | 350 | s62 | 333 | 270 | 200 [ 1.82
Summer !
Acostx | 273 | 307 | 22 | 333 | 32 | sor | 273 | 228
Anupal | Observ. | 074 | 096 | 229 | 253 | 269 | 272 | 250 | 217 | 172 | 18]
Mean Adcostx | 207 | 242 | 2e2 [ 270 | 262 | 242 | 2o [ 159




and pis the angular frequency of the electro-
magnetic wave. If the second kind of attenu-
ation in E-layer can be neglected for such
a low frequency and the ‘total absorption
of radio wave is due mainly to the first
kind of attenuation in the lower layer which
is supposed to be ionized by the similar
solar radiation to the Dellinger effect ¢,
the whole attenuation is given by the
following equationt:
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Fig. | The Diarnal variation of femin
for Each Season.
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Fiz. 2 The Diurnal Variation of fEmin
on the Average throughout a Year.

change is symmetrical before and after the
noon. This variation is similar remarkably to
that of the penetrating frequency. of E-layer
which is regai'ded as a typical single layer.

§ 3. The Absorption of Radio Wave.

In general,’ the absorption-coefficient is
given by

2metN v
O .
where ; ‘
I wi=l— 4”_&._.
T mpR )
and m, e, and N denote the mass, the
charge, and thé density of the electron

respectively, » is the collisional frequency
of the electron to neutral molecules or atoms,

1‘:k—31=— f Nvdh, ()
where £ is a constant and the integration
must be exerted from the jower boundary
to the upper limit of the layer. For sim-
phlicity of the calculation, suppose the ioniza-
tion-density of this layer is given by the
Chapman’s formula ¢

N=N, exp {172 —erseeX ) .(3)
where
- k"‘hﬂ
=T

and X is the solar zenith distance, N, is the
maximum density when x=0, » is the height
above sea level, iy the height where the
density is Ny, and H is the scale-height. And

it is reasonably assumed that » is given by

r= y“e_"’ [N .(4)
where », is » at the height of .
Then, i
HNyw
M=k X
p-.
4o
- (1—3z—eseCX }
X—_.]—‘m ehpL i ——‘J“dz-
Putting




- where C is a constant.
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“where I‘(—g—) is the gamma-function. Then

11,_- ['!NDE’_Q_ a\,/ 272'6 )
- % —
... (sec X))

Therefore, the whole attenuation can be
expressed as the function of p and X.

If the magnitude of the attenuation reach-
es somie value, the intensity of the echo is
insufficient for the reception. And at any
time, it is difficult for the receiving set to
feel the echo of the lower frequency. Con-
sidered that the transmitting power and the
receiving sensibility are kept constant all
day long on the average for such a long
period, the magnitude of the attenuation
under the precarious condition that the
receiver feels barely the weakest echo of
the low frequency, that is fuw,, can be
regarded as the constant value. Then, the
relation between fu., and the zenith
angle (X) of the sun is driven from (5) as
follows:

fEm!n':A Cos ?‘;— X,

where A is a constant.
The observed values satisfy this relation.
But the time when figu. becomes to the
maximum value is slightly lag from the
noon. This suggests the necessity of the
consideration for the apparent recombina-
tion of the electrons in the layer. The
value of constant A in the equation (6) is
3.26 which is calculated by means of the

least squares. The values of 3.26 cos% X are
shown in Table 1 and by the dotted line
in Fig. 1.

§ 4. Discussion,

If the distribution of eléctrons in this
region shows that of the Chapman’s theory,
we have

-
n=Npcos? X,

where z is the maximum electron-density,
and N, is the value of # when X=0. Then,
by (6) and (7),

(fEmin) % = Cn,

On the other hand,

supposing only the recombination-process,
we have

%—:qucos X—an?, o (D)

where g; is the rate of jion-production when
X=0 and « is the apparent recombination-
coefficient.

Let
= (frmia)  and M=, - ao
where @(=1/C) is .constant value, so that
A _ G cosx—aomt. ... (]
af =y CosXe—aam®. ... 11y

The value of dm/dt and m are obtained
from the data, by means of the numerical

differentiation and from (10), and are shown.

in Table 2.

Tabhle 2.
The Hourly Values of m and dm/dt.

J8T | o 10|11 ] g2 13]14 15 | 1

dm fdt | 0.15 0.15] 0.1¢) 0.061-0.04|-0.14 -0.18] 0,14

Obsm | 155 172 18 l.9!| 193 1.83 157 150

Calan | 155 1.74 1.86 1,91| 150 181 167 148

Using the observed values, the values of
¢/e and ac are calculated by means of the.
least squares, and obtained as 4.69/hour
and 0.99/hour respectively, and the .value of
cg, is the order of 87x10-%/sec that is
acceptable for our physical conception.
According to these values, the most probable
m and dm/di are calculated by means of
the numerical integration as shown in Table

Fir 3. The Variationn of m.
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9 and Fig. 3. It is remarkable ‘ that the
observational curve agrees completely with
the calculated curve within the error of
the calculations.

§ 5. Conclusion.

Though there may be some uncertainty
with regard to the neglection of the attenu-
ation in E-layer, the calculated valdes ob-
tained under some assumptions agree very
closely with the observed values. This result
probably suggests that there exists an ab-
sorbing layer, which is ionized by the solar
radiation, in the lower region than E-layer.
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