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1. Introduction

Tropospheric turbulence such as mirages, gusts and precipita-
tion cause root-mean-square phase deviation of a received radio
wave, which means the electrical propagation-path length or time
delay fluctuations occur in the troposphere. The magnitude of
the effects were calculated from the model derived by Muchmore
and Wheelon (1955)<1>, who give the one-way phase fluctuations,
and some papers reported the measured r.m.s. phase fluctuations
and their spectrum<2,3>. In this paper, short term phase fluctu-
ations(milli-seconds order) measured in the VLBI(Very Long Base-
line Interferometer) experiment using the ATS-1 satellite at
4180MHz are presented. The results show that about 2 milli-
meters r.m.s. path length fluctuations or 6 pico-seconds r.m.s.
time delay fluctuations in 10 milli-seconds were observed at low
elevation angle.

2. Measurement
The VLBI experiment

system block diagram is {E ATS-1
shown in Figure 1. The
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duced to correlate and process the data in the computer. Phase
spectrum and differential delay were calculated from the correla-
tion function. Phase of the cross-correlation function at the
received frequency include phase fluctuations of instruments,
especially local oscillators, and propagation through troposphere.

In the system, the local frequency stability is very important
and its phase jitter at the first local frequency 4110 MHz limits
the averaging time of the cross-correlation and the accuracy of
phase scintillation or time delay fluctuation due to troposphere.

All local frequency and sampling clock were supplied by
multiplying or dividing the 5 MHz signal of the cesium atomic
frequency standard oscillator and measured freguency stability
between the two local oscillators at Kashima and Yokosuka, was
less than three parts in ten to the eleven at one second averaging
time.

' If another phase variation during measurements are small and
negligible, the observed or calculated phase fluctuation is
expressed as follows;

— 2 2

St%uss = 4/r5¢%rty> + Piocas (1)
Phase fluctuation, Pg¢yop , in the troposphere depends on the

total propagation-path length in turbulent media, that is, the

elevation angle of the antenna and it may be formulated as

follows <1>;
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Fig.2 Observed Phase Variation in VLBI Experiment
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where, A.: free space wavelength
aEy: dielectric constant excursion(r.m.s.)
Lot scale length of turbulence
R: total propagation-path length in turbulent
media

In many case,4€p is in the order of ten to the minus six, Lo
is 3--30 meters and if H is the zenith height of turbulent
atomosphere and EL is the elevation angle, R is denoted as
follows;

R=Hcosec (EL) (3)

Figure 2 shows the typical observed phase variations in 7
seconds and many steep solid lines are total phase variations
including the fringe variations due to the satellite drift and
the slowly varying broken line is in correspondence to the
residual phase fluctuations after subtracting the linear-fitted
phase variations due to the satellite drift, which may be equiva-
lent to Equation 1 .

Figure 3 shows the observed phase fluctuations at some
different elevation angles. Each observed phase was measured
in 0.9 milli-seconds and r.m.s. phase fluctuation was caluculated
during about 10 milli-seconds. Figure 4 shows a typical phase
fluctuation in 10 milli-seconds. Posg in Figure 3, the
broken-line, is calculated the right side of Equation 1 to
fit the observed values.

From this, phase jitter due to local frequencies, 9@9:(;,
is about 5 degrees r.m.s., and the pase scintillation through
troposhere at 1.7 degree elevation angle may be about 8.7
degrees r.m.s., which means
that about 2 milli-meters
r.m.s. propagation-path
length or 6 pico-seconds
time delay fluctations was
observed during 10 milli-
seconds.
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3. Conclusion

There has not been
reported a short term phase
fluctuation about less than
one second. For the first
time, a very short term
phase scintillation was
observed at 4 GHz at low
elevation angle. The amount
of the scintillation was not
large, i.e. less than 2 ‘
milli-meters r.m.s. propaga- 2 3 : 5 7' 30 5
tion-path length variation
in milli-seconds term due to ELEVATION ANGLE (degree
tropospheric turbulece, and Fig.3 RMS Phase vs Elavation
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no serious effects are supposed [

to a mm-wave wideband communica- 20

tion channel. Data measured are o A N ﬂ

not sufficient to calculate the 10

spectrum. R\b / \
However, this gives a limita~ 0l $ $ $ $

tion to the accuracy of differen- \\ /

tial path length or time delay in -16

VLBI experiment and it seems to \L"‘/P#g >

be important to a geodetic appli- 2 msec

cation <4>, precise tracking of a '26, N ..
satellite <5§ and a large sgale Fig.4 A Typical Scintillation
phased array on the ground.
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