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Observation of the Energy Distribution of
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Ionosphere by a K-9M-76 Rocket
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Abstract : This paper is concerned with the electron energy
distribution in the winter predawn ionosphere measured by a
Langmuir probe on board a K-9M-76 rocket. The rocket was
launched on January 15, 5h40m a.m., 1983, from Kagoshima
Space Center to study the predawn enhancement of airglow and
the behavior of photoelectrons from a magnetically conjugate
region. The measurement of thermal electrons was made by
applying the Druyvesteyn method to evaluate the production rate
of O('D) through dissociative recombination of electrons with
O; and the heating rate by Coulomb collision. For the double
differentiation of the probe current, delay circuits were used,
which were favorable for the high speed scanning. Energy
distribution f(E)/vE showed nearly Maxwellian except in the
extreme low energy part. Certain wriggles were superimposed
on the higher energy part. A double-hump structure appeared in
the low energy part at lower heights (E-F valley between 140
and 230 km and E-layer around 90km). The electron tempera-
ture, 7., determined from the least square fitting on the semilog
plot of the differentiated probe characteristics was about 750°K
near 90km (E layer), showing a gradual increase with height to
about 1300°K at 350km (F layer). The value of 7. in the
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downleg showed a higher value by 20 to 30 9 than that in the
upleg. The reason may be partly due to the interaction between

photoelectrons and thermal electrons and partly due to an appar-
ent increase by the wake.
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Fig. 1! Schematic view of the measuring circuit of the second derivative of
probe current, 7,”, by the delay circuit method. C. : capacitance for
compensating the cable capacitance C,; D,,D, are differentiation cir-
cuits whose detail is as shown in the bottom figure.
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Fig.2 : Time chart around 120 sec. after
launching of the rocket (upleg, #=
200 km). The height corresponds
nearly to the upper end of the E-F
valley.
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Fig. 3 : Traces of the second derivative of
probe current, or f(E)/JE, from
/=143 to 230 km (upleg) in the E-F
valley. f(E) : energy distribution

function.
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Fig. 4! Time chart around 190 sec.
(height h=296 km) after launching.
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Fig.5 . Example of the second derivative
of probe current, or f(E)/VE,
which is an enlarged view of the data
surrounded by a dotted square in
Fig. 4.
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Fig. 6 : Traces of the second derivative of
probe current, or f(E)/JVE, from
=230 to 335 km (upleg) in the F-
layer.
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Fig. 7 . Traces of the second derivative of
probe current, or f(E)/VE, from
=348 to 248 km and around 90 km

(downleg).
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Fig. 8 . Enlarged view of the “cal” signal at
537 sec. obtained by switching from
the probe to a dummy load in Fig. 1.
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Fig.9 . Semilog plots of the second der-
ivative of probe current, 7,”, from
7 =230 to 350 km (upleg).
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Fig. 10 : Plot of electron temperature 7.
vs. height 4 as determined by apply-
ing the least square fitting to the
semilog plot of second derivative.
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Fig. 11  Plasma density ne vs. height % as
determined from the integration of
V'V 2"} open circles: upleg, solid
circles : downleg. Dotted curve
indicates 7. obtained by an impedan-
ce probe (NEL).
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Fig. 12 : Plot of the space potential Vs with
respect to the potential of rocket;
open circles: upleg, solid circles:
downleg.
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