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Abstract

By a gyro-plasma probe experiment on board K-9M-21 rocket the micro-structure of

the electron density profile has been measured within an error of 3%. Irregularity of

the electron density fluctuating within +20% of its average has been detected in altitude 

 ranges of 100km 103km and 115km-120km independent of the wake effect of the

vehicle motion. This irregularity is identified with the radio scattering source of diffuse 

 type sporadic-E on the ionogram obtained during the rocket flight.

1. Introduction

Currently there are many investigations of the complicated features of the sporadic-E

layer in temperate latitudes. Matsushita [1966] has classified the sporadic-E types of the

temperate latitudes into m1Es and m2Es, based on many works on the morphology of the 

sporadic-E. The former, m1Es, is the type which represents a sharply stratified and highly

ionized cloud while the latter, m2Es, is the type of sporadic-E layer which consists of many

small size blobs not highly ionized. Rocket observation of the electron density profile has

supported this classification of m1Es and m2Es [Seddon, 1962; Smith, 1965, 1966; Bowlill,

1966]. The theoretical base for formation of m1Es has mainly been the wind shear mecha-

nisms as discussed by many authors [Dungey, 1958; Axford, 1961, 1963, 1964, Whitehead,

1961, 1962, 1966; Layser,1964 ; Hines, 1964; Axf ord and Cunnold, 1966].

For m2Es type sporadic-E, the ionization density fluctuation or irregularity formed by

the plasma instability due to the vertical gradient of charge density [Tsuda, Sato and Maeda,

1966] has been presented. Bowhill [1966], inferred that possible origins for the irregularities

are turbulent motions and plasma instabilities as well as meteors.

The purpose of this paper is to report the experimental results of the m2Es type sporadic-

E layer, carried out by the gyro-plasma probe [Oya and Obayashi, 1966]. The unique point

of this plasma probe, compared with the D.C. probe method, is that it measures the absolute

value of the electron density with high accuracy, within an error of +3%. Hence, a detailed

comparison with the ionosonde echo is possible; and the profile of electron density distribu-

tion for m2Es type sporadic-E is, thus, disclosed.

2. Experimental Results 

Electron density was deduced from the upper hybrid resonance frequency measured by
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the gyro-plasma probe [Oya and Obayashi, 1966]. The resonance frequency was detected

in a swept frequency range scanned from 300kc to 16Mc, with a scanning speed of 3c/s

and the electron density was measured in the altitude interval of 700m in the E region.

In Fig. 1, the observed electron density 

profile measured in the ascending path of the 

K-9M-21 rocket which was launched at 1100

JST, 5, Dec., 1966, from Uchinoura, Japan

(3115'N, 13104'E) is illustrated. The measured

value indicates a slight fluctuation due to the

wake effect of the rocket motion [Oya and

Obayashi 1967]; the fluctuation range was

gradually expanded when the rocket reached

the upper part of its flight path where the

rocket axis and the direction of the rocket

flight became nearly orthogonal. Reduced

electron density values were measured when

the sensor was immersed in the wake region

where the ionized gas is rarefied. The com-

pression region of ionized atmosphere due to

the vehicle's flight is negligibly small [Alpert,

1965] and only a small part of the sensor is

immersed in this compression region. The

ambient electron density value can be ex-

pressed by the maximum value obtained during the rocket spin cycle, as illustrated by the

solid line in Fig. 1.

In the altitude range between 100km ti 120km, there are pronounced electron density

fluctuations of as much as 20% from the average. The fluctuation greatly exceeds the

scattering range (SRW) of wake effect, viz, the reduction of electron density. This fluctua-

tion is attributed to the irregularity of ambient plasme density distribution.

Detailed features of observed electron density in the altitude range from 90 km to 130

km is shown in Fig. 2. The average value of electron density reveals two maxima around

the altitude of 108km and 121km, and a minimum around the altitude of 115km. These

two maxima of electron density are accompanied with irregularity of ionization, especially 

in the altitude range of 100km ti 103km, and in the altitude range of 115 km-120km.

3. Comparison with lonosonde Records 

In the ionogram obtained at Yamagawa ionosonde station (31.2N 130.6E), the sporadic-

E echo was recorded during the rocket flight, as illustrated in Fig. 3. This sporadic-E echo

is fully transparent; its broad width in the apparent height of the trace, accompanied with

the dotted splash, is a typical record of the diffuse type.

Maximum electron density, 1.8x105cm3 at an altitude of 121km gives a plasma fre-

Fig. 1 Electron density profile obtained in the 

ascending path of a K-9K-21 rocket

 which was launched at 1100 JST, 5, Dec.,

1966.
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quency of 3.8Mc. The sporadic-E trace on the ionogram is, however, extended to 4.5Mc

without the separation of o-and x-modes; while electron density around the bottom region

of the Fl layer (see Fig. 2), gives the critical frequency of 3.42Mc which agrees well, with

the observed trace indicated by symbol Bi (see Fig. 3). This diffuse type sporadic E trace

is, then, attributed to the irregularity of electron density which was disclosed by rocket

observation in an altitude range of 100km 103km. The maximum value was inferred

around an altitude of 121km (see Fig. 2) and the accompanying irregularity in an altitude

range from 115km to 120km was further enhanced during 10 minutes of rocket observa

-tion. That is, the ionosonde record at 1115 JST (see Fig. 4) also indicates a sporadic E;

especially, the vertically expanded echo of the sporadic-E trace can be attributed to the

irregularity of the electron density distributed in a comparatively wide altitude range as has

been disclosed by this rocket experiment.

Fig. 2 Measured irregularity of electron density in the ionospheric E

region; SRW, scattering range due to the wake effect of

vehicle motion.

Fig. 3 lonogram trace of the diffuse type sporadic E layer observed at 1100 JST, 5

Dec. 1966, at Yamagawa ionosonde station (130.6E, 31.2N).
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4. Discussion

The size of the irregularity is much smaller than the measuring interval of the gyro-

plasma probe, hence no precise spatial correlation of the irregularity is observed. The char-

acteristic size can, however, be estimated from the sporadic-E trace of the ionogram by using

the scattering coefficient, given in the BookerGordon scattering formula, for the criterion

used by Bowhill [1966] (see Appendix), which yeilds the characteristic length of 35 m.

The irregular type sporadic-E layer has, then, been confirmed; the results agreeing with

those pointed out by Bowhill [1966], and Smith [1965, 1966]. Their results were obtained,

however, mainly by the D.C. Probe technique. While their D.C. probe is very much more

sensitive to fine structure of the ionization profile, it cannot measure absolute values of

electron density and the constant of proportionality varies with altitude. In this context,

the gyro-plasma probe is excellent for measuring the absolute of electron density. The

results of direct measurement can, then, be compared in detail with the radio echo trace.

5. Conclusion

The structure of the diffuse type of sporadic-E layer, which is called m2Es, has been

investigated and the irregurality distribution of electron density was revealed at an altitude

range of 100km-103km and 115 km-120km. Two small maxima of electron density

distribution have also been observed, at altitudes of 108km and 121km, respectively, being

separated by a minimum value.

A detailed correspondence between the radio scattering source and the ionogram trace 

was investigated, and has confirmed that the diffuse type of sporadic E in temperate lati-

tudes detected by the ionosonde is caused by an irregular state of electron distribution. It

is inferred that the correlation distance of the irregular type sporadic-E observed in this 

experiment is 35m. Thus, further confirmation of the previous works on the existence of

irregular type sporadic-E in temperate zones has been carried out.
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Appendix

The scattering coefficient 6B for weak overhead irregularities is given in the Booker-

Gordon scattering formula as

B(1/AN)exp(-8rr2L2/A2). (1)

For the Gaussian correlation function of the irregularity [Bowhill, 1966], where L is the

characteristic size of the irregularities; AN and A are the wave lengths in the medium and
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free space, respectively. Neglecting the effect of the magnetic field for double-refraction,

the wave length 2N, in the medium can be expressed, for frequency f, as

AN-C/V f2-fP (2)

where fp is the plasma frequency of the ionospheric background. The maximum value 

(CB)max can be obtained from eq(1) and eq(2); this maximum is revealed at f=/fp2+fM2,

where f=C/2rrL. Hence, (QB)max is expressed by

(6B)max=(4fM exp-f2 (3)

where a is a constant.

Employing Bowhill's assumption that the scatter echo would cease to bo visible at a fre-

quency fD where the scattered signal was 20 db down relative to its maximum value, we

obtain that

(7B)lim/(1B)max=102 (4)

where

(cB)lim-4(f D2-fp2)2 exp(-fD (5)

From egs(3), (4) and (5), it follows, after some mathematical manipulation, that

ln=(ln(e))-(1+ln(e)) (6)

where

-if D2 rfpl/IM2.

The transcendental equation (6) can be solved graphically, yielding a solution as=4.75.

The quantity fD2 is finally obtained as fD2=4.75 fM2+fp2. From the present observation

fD=4.5Mc and fp=3.4Mc, respectively The characteric length L is obtained to be 35m for

this f,


