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Introduction

The Engineering Test Satellite
Type-II (ETS-II), which was launched
by the National Space Development
Agency (NASDA) of Japan in a geosta-
tionary position at 130°E longitude,
transmits mutually-coherent beacon
signals of 1.7, 11.5 and 34.5 GHz.
The propagation experiments having
been made at the Kashima Branch of
the Radio Research Laboratories (RRL)
since April 1977 reveal that GHz
waves are affected by the ionosphere
in addition to the troposphere [1].
In this paper, we first describe an
experimental technique for the total
electron content (TEC) measurement by
means of the differential phase shift
between 1.7 and 11.5 GHz [2], and
then present some observational re-
sults of TEC and of GHz scintilla-
tions caused by ionospheric electron
density irregularities [3].

Observation of TEC

ETS~II has only one crystal oscil-
lator of 17.76 MHz. This frequency
is multiplied by 96, 648, and 1,944 to
get the three beacon signals of 1.7,
11.5, and 34.5 GHz, respectively. Hence,
these three signals are phase coherent
to each other. The receiving system
at the Kashima station can reproduce
these phase coherent signals by using
phase-lock-loop (PLL) technique.
Either 1.7 or 11.5 GHz can be used
as a reference signal. Measuring meth-
od of the differential phase shift
between 1.7 and 11.5 GHz using 1.7
GHz signal as a reference is as fol-
lows (see Fig.l). When PLL is in phase
lock state, the phase of the received
1.7 GHz signal can be written as

9, t)y= 16 eych t) =)

where Ovexo is the phase of the volt-
age controlled crystal oscillator
{(VCX0) . On the other hand, the phase
of the received 11.5 GHz signal is
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Fig.l Block diagram for measuring
differential phase shift between
1.7 and 11.5 GHz. VCX0; voltage
controlled crystal oscillator,
vco; voltage controlled oscillator,
PC; phase comparator, sp; synchro-
nous detector, AGC; automatic gain
controll.

given by

0.() =108 6,¢,o (1) + 40, *(2)

From Egs. (1) and (2) the measured
differential phase shift, AG(t);
between 1.7 and 11.5 GHz is given as
follows.

80 ()= 6,(1)—(108/16)0, (), - (3)

©; can be written as

O =2nft —f:ﬁ,-_d-a + % s, 2), - (&)
where f is the frequency, £ is the
propagation coefficient, and ¥ is the
constant due to the circuitry path
length of the transmitting and receiv-
ing systems. The integration in Eq. (4)
is carried out along the propagation
path.
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In the quasi-longitudinal approxi-
mation, the refractive index of the
ionosphere is given by

= =405 N/($££ ) (5

where N is the electron density (m?),
# is the beacon frequency (Hz), and
$4 is the longitudinal electron gyro-
frequency (Hz). §, is of the order of
1 MHz and therefore can be neglected
compared with § (f=1.7 or 11.5 GHz).

Hence, 2
n=1-40.5N/$% 2 (6)
The propagation coefficient &, then,
becomes
Ri=2mfin/c

=2mffc —8ITN/fC Gap2) ~()
From Eqgs.(3),(4), and (7), Af becomes

88 = (81m/5,c) (X V) § N + Comat .,

vaa (8)
with

& =(£,/%,)= 1.5/1.7 (actually 108/16),
where § is the reference frequency
{1.7 GHz in this case). Eq.(8) holds
in general; ¥, is 11.5 or 34.5 GHz
when % =1.7 GHz and §, is 1.7 or 34.5
GHz when % =11.5 GHz.

Measurements of the differential
phase shift between 1.7 and 11.5 GHz
and between 1.7 and 34.5 GHz, using
1.7 GHz signal as a reference, have
been made since April, 1977. Since
the phase of 34.5 GHz signal is modu-
lated due to the satellite spinning
motion, only the differential phase
shift between 1.7 and 11.5 GHz signal
is analyzed here. From Eq.(8), rela-
tive TEC is given as follows.

Ny =N = 20 /(1.05x107%x)

Lelectvona /m2], @)
Eq.(9) does not contain the term
which is related to the geomagnetic
field configuration because of the
approximation of Eq.(6). This makes
the method for measuring TEC by using
GHz coherent signals to be advanta-
geous over the Faraday rotation
method which requires information
about the geomagnetic field.

Fig.2 shows an example of the diur-
nal variation of TEC (a) and (A£F,
(b), where £F; is the critical fre-
quency of the F2-layer. TEC was observ-
ed at Kashima (geographic coordinates;
36.0°N, 140.7°E, geomagnetic latitude;
25.6°N) while £7; was at Kokubunji
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Fig.2 Diurnal variation of TEC (a)
and (foF2)2 (b) during severe mag-
netic storm on February 1978,

{geographic coordinates; 37.5°N,
139.5°E, geomagnetic latitude ;
25.5°N). An anomalous variation

of TEC in the late afternoon of Feb.
15, 1978 was due to the magnetic
storm. This will be discussed later.
Fig.2 indicates that the correlation
between TEC and (£% )* is very good

as discussed by Kane (4). Since the
diurnal variation of the measured
differential phase shift is very large
{~400x radians), high sensitive obser-
vation of TEC is possible.

Observation of 1.7 GHz scintillation

Recently, scintillations at 4 and 6
GHz on the INTELSAT network have been
reported {5,6,7). It is confirmed that
these phenomena are due to the irregu-
larities of electron density in the
ionosphere.

Simultaneous observations of TEC
and GHz scintillations have been made
using the receiving system shown in
Fig.1l since the beginning of May,
1977. Fig.3 shows the 1.7 GHz scin-
tillation along with the variation
of TEC observed on June 18,1977.

The maximum fluctuation with 1 dB
peak-to-peak occurred at 22:11 local
time (LT). During the period of scin-
tillations, TEC showed a large vari-
ation. This fact suggests the passage
of irregularities of the electron
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Fig.3 Example of nighttime scintil-
lation (lower) and irregular vari-
ation of TEC (upper) observed at
Kashima on June 18, 1977.

density across the propagation path
from ETS-II to the Kashima station.

Fig.4 shows the diurnal variation
of the percentage occurrence of 1.7
GHz scintillation in excess of 0.5 dB
peak-to-peak, averaged during May-
August, 1977. It is seen that the
1.7 GHz scintillation has the maximum
activity around 22:30 LT.

Fig.5 shows the relation between
1.7 GHz scintillation observed at
Kashima and the occurrence of spread-
F phenomenon observed at Kokubunji
during June 29-July 2, 1977. This
figure shows that the 1.7 GHz scintil-
lation and spread-F phenomenon have
correlation. However, the scintilla-
tion is not always accompanied with
spread-F. This may be attributed
to the differences in size and height
of irregularities which are responsi-
ble to these phenomena.

Fig.4 shows that the 1.7 GHz scin-
tillation also occurs in daytime.

The daytime scintillation is often
accompanied with the fluctuation of
TEC and also with the strong £, layer
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Fig.4 Diurnal pattern of percentage
occurrence of 1.7 GHz scintillations
exceeding 0.5 dB peak-to-peak during
May-August in 1977.
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Fig.5 1.7 GHz scintillation and
spread-F phenomena. | ; spread-F,
«; measurement of foF2 is influ-
enced by or impossible because
of, interferences or atmospherics.

over Kokubunji. Hence, the daytime
1.7 GHz scintillation seems to have
an origin in the lower ionosphere.
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GHz scintillations during magnetic storm

On the late afternoon of Feb.1l5, 1978,
TEC began to show an anomalous variation
as shown in Fig.2, The first sudden
increase of TEC began at 19:00 LT and
reached to the maximum around 20:05 LT.
This maximum value was larger than that
around 12:00 LT. Then TEC suddenly
decreased, again increased and decreased
toward a normal midnight level. Before
these anomalous changes of TEC, the
horizontal component of the geomagnetic
field observed at the Hiraiso Branch of
RRL (geographic coordinates; 36.4°N,
140.6°E, geomagnetic latitude; 26,3°N)
showed the sudden commencement (SC) at
6:45 LT on Feb.15,1978.

During the pericd of the TEC varia-
tion, 1.7 and 11.5 GHz scintillations
were observed as shown in Fig.6. The
1.7 GHz scintillation began at 20:05 LT
and ended around 23:40 LT. Very large
1.7 GHz scintillations with the ampli-
tudes more than 10 dB peak-to-peak
occurred between 20:16 and 20:30 LT
and between 21:15 and 21:35 LT.

buring this large 1.7 GHz scintil-
lation, 11.5 GHz scintillations also
occurred with the amplitudes less than
0.7 dB peak~to-peak. On the other hand,

RELATIVE TEC (2x107 ni2)

dBm

the 34.5 GHz signal showed no evidence of
scintillation.
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Fig.6 Anomalous variation of TEC (upper) and GHz scintillations
(lower) during severe magnetic storm on February 1978.
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